Alterations of mucosal-associated invariant T cells in
dermatomyositis

S.Ye!,J. Du??, Y. Zhang', W. Wei??, Y. Li*?

'Department of Medical Records Management, Department of Neurology, Tianjin Huanhu
Hospital, Tianjin Key Laboratory of Cerebral Vascular and Neurodegenerative Diseases, Tianjin;
’Department of Rheumatology and Immunology, Tianjin Medical University General Hospital,
Tianjin Key Clinical Specialty, Tianjin; Tianjin Clinical Research Center for Rheumatic
and Immune Diseases, Tianjin Science and Technology Bureau, Tianjin, China.

Abstract
Objective
The aim of this study is to investigate the frequency and functional changes of mucosal-associated invariant T (MAIT)
cells in the peripheral blood of patients with dermatomyositis (DM).

Methods
Peripheral blood mononuclear cells (PBMCs) from 23 untreated DM patients and 32 healthy controls (HC) were
analysed via flow cytometry to assess MAIT cell frequency, activation status, chemokine receptor expression, and
cytokine production.

Results
The frequency of circulating MAIT cells was significantly decreased in the DM group compared with the HC group,
while the proportion of CD69* and PD-1* MAIT cells was significantly increased, especially in patients with melanoma
differentiation-associated gene 5-positive dermatomyositis (MDAS5-DM). Moreover, the expression of the chemokine
receptors CCR2 and CCRS on MAIT cells was reduced in DM patients. In addition, the proportion of IFN-y* MAIT
cells was significantly elevated in DM patients.

Conclusion
The reduced frequency of MAIT cells in DM may be associated with excessive activation. The increased secretion
of IFN-y by MAIT cells may contribute to DM pathogenesis.
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Introduction

Dermatomyositis (DM) is a systemic
autoimmune disease primarily affect-
ing the skin and muscles. The distinc-
tive skin features include Gottron’s
papules, heliotrope rash with perior-
bital oedema, V-neck erythema, and
shawl sign. Muscular symptoms in-
volve subacute progressive proximal
muscle weakness and elevated serum
creatine kinase (CK) levels. Common
extra-muscular manifestations include
cardiac involvement, interstitial lung
disease (ILD), and malignancy (1).
Histologically, muscle biopsy typically
reveals perivascular and perifascicular
inflammation, predominantly involv-
ing B lymphocytes, CD4* T cells, and
macrophages (2). Currently, the aetiol-
ogy and pathogenesis of DM are still
unclear. Susceptibility genes, environ-
mental stressors, immune and nonim-
mune mechanisms, and abnormal signal
transduction via the interferon pathway
are associated with the pathogenesis of
DM (3). The innate immune response,
especially interferons and interferon
regulatory proteins, plays an important
role in the process of DM (4).
Mucosal-associated invariant T
(MAIT) cells were recently identified
as innate-like lymphocytes belonging
to the aff T cell subset. Unlike con-
ventional T cells, MAIT cells possess
a semi-invariant T cell receptor (TCR)
composed of a conserved TCRa chain,
Va7.2-Ja33 in humans, and a limited
TCRp repertoire (5). Human MAIT
cells are phenotypically defined as
CD3* TCRVa7.2* CD161" cells and
can be identified using MR1 tetram-
ers (6). MAIT cells are the most abun-
dant innate-like T cells, comprising up
to 10% of peripheral blood T cells in
healthy individuals (7). Their versatile
immunological properties make them
a potential therapeutic target in immu-
nomodulation. MAIT cells have been
extensively studied in infectious and
autoimmune diseases (8). In infections,
MAIT cells are often depleted from
peripheral blood and accumulate at
infection sites, suggesting that MAIT
cells may be recruited to infection sites
to exert their anti-infection effects (9,
10). Their roles have also been demon-
strated in inflammatory bowel disease,

multiple sclerosis, systemic lupus ery-
thematosus, and type 1 diabetes (11).
However, few studies have investigat-
ed the changes of MAIT cells in DM.
This study explored the frequency,
phenotype and functional alterations
of MAIT cells in patients with DM to
clarify their clinical significance.

Materials and methods

Study subjects

From January 2021 to June 2023, 23
patients newly diagnosed with DM
at Tianjin Medical University Gen-
eral Hospital were enrolled. The di-
agnosis met the 2020 ENMC criteria
for DM (12). Among them, 13 were
anti-MDAS  antibody-positive DM
(MDAS-DM), and 10 were anti-MDAS
antibody-negative (non-MDAS5-DM).
The exclusion criteria were as follows:
(1) the presence of other autoimmune
diseases such as systemic lupus ery-
thematosus; (2) severe comorbidities
such as hypertension or diabetes; and
(3) current infection. 32 age- and sex-
matched healthy individuals were re-
cruited as controls (HC). The exclusion
criteria for HCs included autoimmune,
metabolic, or infectious diseases. Ethi-
cal approval was obtained from the
institutional review board (IRB2021-
YX-005-01), and written informed
consent was provided by all partici-
pants. Demographic and clinical data
including sex, age, disease duration,
symptoms, and laboratory parameters
such as creatine Kinase (CK), erythro-
cyte sedimentation rate (ESR), c-reac-
tive protein (CRP) and ferritin, as well
as chest CT imaging were collected.

Surface staining of PBMCs

Peripheral blood (5 mL) was collected
in EDTA tubes. Peripheral blood mon-
onuclear cells (PBMCs) were isolated
via density gradient centrifugation,
counted, and adjusted to 10%mL. A
100 pL aliquot was stained with 1 pL
of Live/Dead dye (BioLegend, USA),
incubated for 15 mins in the dark, then
washed and resuspended. Cells were
stained with 5-OP-RU tetramer (NIH,
USA) and a panel of surface antibod-
ies against CD3, CCR2, CCRS5, CD69
and PD-1 (BioLegend, USA). Data
were acquired via flow cytometry (BD
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LSRFortessa, USA) and analysed with
FlowJo software version 10.8 (Tree
Star, Ashland, OR, USA).

Intracellular cytokine staining

PBMCs were stimulated with leukocyte
activation cocktail (BD) for 5 hours at
37°C. Cells were stained for viability
and surface markers CD3, TCRVa7.2,
and CD161 (BioLegend, USA), fixed,
permeabilised, and stained intracellu-
larly for IFN-y and TNF-a (BioLeg-
end, USA). Data were acquired by flow
cytometry.

Statistical analysis

Statistical analyses were conducted
using SPSS 19.0 and GraphPad Prism
9. Parametric data were compared us-
ing independent-sample t-tests; non-
parametric data were analysed via the
Mann-Whitney U-test. Chi-square tests
were used for categorical variables.
Correlations were assessed with Pear-
son correlation. A p-value <0.05 was
considered statistically significant.

Results

Characteristics of the subjects

The clinical characteristics of the sub-
jects are described in Table I and II.
Compared with non-MDAS5-DM pa-
tients, MDAS-DM patients presented
significantly lower serum CK levels
and a higher incidence of interstitial
lung disease (ILD) (Table II).

Reduced frequency of MAIT cells

in peripheral blood of DM patients
MAIT cells were identified as CD3*5-
OP-RU Tetramer* (Fig. 1A). The fre-
quency of circulating MAIT cells (as a
percentage of CD3* T cells) was signif-
icantly reduced in the DM group com-
pared to the HC group (0.67+0.09% vs.
2.32+0.34%, p<0.0001). No signifi-
cant difference was observed between
MDAS-DM and non-MDAS-DM pa-
tients (0.82+0.13% vs. 0.49+0.06%)
(Fig. 1B). Additionally, no clear cor-
relation was found between MAIT cell
frequency and levels of CK, CRP, or
ferritin (Fig. 1C). No significant differ-
ence was observed in MAIT cell fre-
quency between DM patients with in-
terstitial lung disease and those without
ILD (Fig. 1D).
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Table I. Characteristics of recruited donors for flow cytometry.

HC (n=32) DM (n=23)

Age (years, range) 54.66 (24-72) 57.48 (24-79)

Sex (male/female) 14/18 11/12

Duration (months, range) NA 3.37 (0.5-24)

CK (U/L, range) NA 3118.39 (13-22887)
CRP (mg/dl, range) NA 0.97 (0.10-3.08)
Ferritin (ng/ml, range) NA 1219.31 (41.57-3589.58)
ILD (%) NA 69.56 (16/23)

CK: creatine kinase; CRP: C reactive protein, ILD: interstitial lung disease; NA: not applicable; HC:

healthy controls; DM: dermatomyositis.

Table II. Characteristics of patients with dermatomyositis for flow cytometry.

MDAS-DM (n=13)

Non-MDAS5-DM (n=10)

Age (years, range)
Sex (male/female) 5/8
Duration (months, range)
CK (U/L, range)

CRP (mg/dl, range)
Ferritin (ng/ml, range)
ILD (%)

56.77 (33-75)

3.47 (0.5-24)
1195.62 (13-9963)
1.14 (0.10-3.40)
1654.11 (70.84-3589.58)
9231 (12/13)

58.40 (24-79)
6/4
325 (0.5-11)
5618 (48-22887)*
0.75 (0.17-1.48)
654.06 (41.57-1122.32)
40 (4/10)%*

CK: creatine kinase; CRP: C reactive protein, ILD: interstitial lung disease.

* p<0.05; ** p<0.01.

Changes of activation markers

and chemokine receptors on
circulating MAIT cells

To explore the potential mechanisms
underlying the reduction of MAIT cells
in DM, we analysed the expression of
the activation markers CD69 (early ac-
tivation marker) and PD-1 (late activa-
tion marker), as well as the chemokine
receptors CCR2 and CCRS. The pro-
portions of CD69* and PD-1* MAIT
cells were significantly elevated in the
DM group compared with the HC group
(CD69*: 56.67+3.46% vs. 41.0£2.56%,
p=0.0023; PD-1*: 41.55+3.59% vs.
20.65+2.91%, p<0.0001) (Fig. 2A).
MDAS5-DM patients exhibited even
higher activation levels compared to
non-MDAS5-DM  patients (CD69*:
61.57+4.67% vs.45.69+3.72%, p=0.02;
PD-1+: 47.85+3.92% vs. 33.35+5.71%,
p=0.04) (Fig. 2B). The proportion of
MAIT cells expressing CCR2 and
CCRS was significantly lower in the DM
group than in the HC group (CCR2":
64.48+2.51% Vs. 84.21+£2.32%,
p<0.0001; CCRS5*: 56.49+4.02% vs.
78.43+2.77%, p<0.0001) (Fig. 2C).
However, within the DM subgroup,
the expression of CCR2 and CCRS
on MAIT cells was significantly
greater in MDAS-DM patients than

in non-MDAS-DM patients (CCR2+:
70.45+2.96% Vs. 56.72+2.88%,
p=0.0038; CCRS5*: 63.95+£5.24% vs.
46.79+4.97%, p=0.0031) (Fig. 2D).

Altered cytokine secretion

by MAIT cells

The proportion of IFN-y* MAIT cells
was significantly greater in the DM group
than in the HC group (33.92+4.39% vs.
15.25+2.37%, p=0.003), whereas the
proportion of TNF-a* MAIT cells was
reduced, though not statistically sig-
nificant (8.74+1.99% vs. 17.58+4.02%,
p=0.07) (Fig. 3A). No significant dif-
ferences in IFN-y* or TNF-o* MAIT
cell proportions were found between
MDAS-DM and non-MDAS-DM pa-
tients (Fig. 3B).

Discussion

The pathogenesis of dermatomyositis re-
mains poorly understood, with immune
dysregulation believed to be a central
driver of disease progression. Both in-
nate and adaptive immunity contribute
to DM pathophysiology, with lym-
phocytes and their secreted cytokines
playing pivotal roles (13). MDAS-DM
represents a distinct subset of DM char-
acterised by mild muscle involvement
but a high risk of rapidly progressive
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Fig. 1. Changes of peripheral blood MAIT cell frequency in DM patients.
A: Representative flow plots of MAIT cells in HCs and DM patients. B: MAIT cell frequency comparison between HC and DM, and between MDA5-DM
and non-MDAS5-DM patients. C: Correlations between MAIT cell frequency and clinical parameters (CK, CRP, ferritin). D: Comparison of MAIT cell fre-
quency between DM patients with and without ILD.
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Fig. 2. Expression of activation markers and chemokine receptors on MAIT cells in DM group.
A: CD69 and PD-1 expression on MAIT cells in DM vs. HC. B: Comparison between MDAS-DM and
non-MDAS-DM. C: CCR2 and CCRS expression in DM vs. HC. D: Comparison between MDAS5-DM

and non-MDAS-DM.
#p<0.05, ¥¥p<0.01, **#*p<0.0001.

ILD (14). MAIT cells, possessing a
semi-invariant TCR that recognises ri-
boflavin-derived microbial metabolites,
display heterogeneous distribution in
tissues and respond differently to vari-
ous stimuli (15-17).They can be classi-
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fied into MAIT1 (IFN-vy-producing) and
MAIT17 (IL-17-producing) subsets and
are capable of producing cytotoxic mol-
ecules (e.g. granzyme B, perforin) and
diverse cytokines like Thl, Th2, and
Th17 cells (18, 19).

MAIT cells act as a bridge between in-
nate and adaptive immunity and play
key roles in various autoimmune diseas-
es (20). One study reported a reduced
MAIT cell frequency in peripheral
blood during active DM, which tended
to normalise after treatment (21). These
reductions correlate with increased
expression of activation and exhaus-
tion markers such as CD25, CD39, and
CTLA-4, although they are not associ-
ated with clinical scores or biomarkers.
Consistent with this finding, our study
demonstrated a marked reduction in the
percentage of peripheral blood MAIT
cells in untreated DM patients without
a correlation with clinical parameters.
There were no significant differences in
MAIT cell frequency between MDAS-
DM and non-MDAS5-DM patients,
suggesting that MAIT cells may be in-
volved in the disease process of DM pa-
tients with different antibody subtypes.
The reduced frequency of MAIT cells
in DM may result from activation-
induced exhaustion or migration to
inflamed tissues. MAIT cells express
various chemokine receptors, including
CCR9, CCR6, and CXCR6, enabling
tissue homing (22). Endothelial cells
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in affected DM tissues reportedly ex-
press high levels of CCL2 and CCL5
(23, 24). Some studies have found that
serum level of CCL2, the ligand for
CCR2, was elevated in patients with
DM (25, 26). In our study, CCR2 and
CCRS5 expression on peripheral blood
MAIT cells was decreased in DM, sug-
gesting impaired chemotactic capacity,
although further confirmation in affect-
ed tissues (e.g. skin, muscle, and lung)
is needed. Elevated expression of CD69
and PD-1 also indicates heightened ac-
tivation and potential exhaustion of
MAIT cells. This may represent an
adaptive response to chronic inflamma-
tion, as MAIT cells are often recruited
to inflamed tissues in autoimmune dis-
eases to exert cytotoxic effects and se-
crete pro-inflammatory mediators (27).
Notably, MDAS5-DM patients exhibited
higher activation and chemokine recep-
tor expression, which coincided with
the high prevalence of ILD and implied
possible MAIT cell migration to the
lungs. Similarly, it has been found that
CDS8 T cells from patients with MDAS5-
DM show significant exhausted phe-
notype than non-MDAS5-DM patients
and HCs (28). MAIT cell accumulation
has been observed in various pulmo-
nary diseases (29), and recent studies
have shown that activated MAIT cells
exhibit anti-fibrotic effects in murine
bleomycin-induced lung injury (30).
Whether MAIT cells infiltrate MDAS-
DM-affected lungs and their precise
role warrants further investigation.

Activated MAIT cells secrete multiple
cytokines. Our data revealed increased
IFN-y and decreased TNF-o. produc-
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tion in DM, although the latter was
not statistically significant. Prior stud-
ies have shown that hyperactivation of
type I interferon signalling correlated
with disease activity in DM, with up-
regulation of interferon-stimulated
genes in PBMCs, muscle, and skin
(31, 32). Currently, several studies also
identified that the regulation of IFN-y
is also altered in DM as evidenced by
elevated expression of IFN-y in serum
and in affected tissues such as lung
and muscle (33, 34). The roles of both
type I and IFN-y extend beyond their
conventional function of inhibiting vi-
ral replication. They play a significant
role in cell differentiation, growth and
survival, and elicit many immunostim-
ulatory effects in DM (35). Therefore,
MAIT cell-derived IFN-y may contrib-
ute to DM pathogenesis. Inhibitors tar-
geting the JAK-STAT pathway down-
stream of interferon signalling have
shown clinical efficacy in DM, particu-
larly MDAS5-DM (36-38).

Conclusion

In summary, our study demonstrated
that the frequency of MAIT cells is
significantly reduced in the peripheral
blood of patients with dermatomyositis,
accompanied by enhanced activation
and increased IFN-y secretion, particu-
larly in MDA5-DM patients. The ex-
pression of chemokine receptors CCR2
and CCRS is decreased, suggesting
limited chemotactic potential, although
this requires validation in affected tis-
sues. Owing to the limited sample size,
further studies with larger cohorts are
needed to substantiate these findings.
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