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Abstract
Objective
Idiopathic inflammatory myopathies (IIM) are a group of disorders characterised by the production of autoantibodies
and inflammatory infiltrates in the skeletal muscles. Follicular T helper (Ty,) cells are known to be crucial for B cell
differentiation and autoantibody production in autoimmune diseases. The aim of this study was to investigate the
involvement of Ty cells in IIM.

Methods
Circulating T,y cells in 44 I[IM patients or 11 age- and gender-matched healthy controls (HCs) were measured by flow
cytometry. ICOS, PD-1, active caspase-1 and Ki-67 expression in Ty, cells was examined. The correlations between
the frequency of Ty cells and clinical disease activities were also analysed.

Results
The frequency of T, cells was 16.6% in IIM patients with anti-melanoma differentiation-associated gene (MDAS)
antibody compared to 10.6% and 12.9% in anti-MDAS negative patients or HCs, respectively (both p<0.05).

The frequency of Ty, cells was positively correlated with clinical disease activities: patient/parent’s assessment VAS
(r=0.51, p<0.05), physician’s assessment VAS (r=0.59, p<0.05) and MYOACT scores (total systems: r=0.62, p<0.05;
extramuscular system: r=0.56, p<0.05; pulmonary system, r=0.55, p<0.05). The percentage of PD-1"¢"ICOS"s" T, cells

was 3.68% in anti-MDAS positive patients compared to 2.70% and 1.96% in anti-MDAS negative patients or HCs,

respectively (both p<0.05). The percentage of Ki-67 positive Ty, cells was 3.50% in anti-MDA)S positive patients
compared to 2.36% and 1.76% in anti-MDAS negative patients or HCs, respectively (p<0.05). Interestingly, active
caspase-1 was significantly increased in T, cells in anti-MDAS positive patients compared to the patients without
anti-MDAS5 or HCs (3.30% vs. 1.67% and 3.30% vs. 1.02%, both p<0.001).

Conclusion
These data suggest a role for Ty, cells in the pathogenesis of anti-MDAS positive [IM and T, cells might serve as a
disease biomarker for this subset of patients.
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Introduction

Idiopathic inflammatory myopathies
(IIM) are a heterogeneous group of
muscle diseases, manifested as varying
severity of muscle inflammation and
extramuscular symptoms. The majority
of IIM can be classified into polymy-
ositis (PM), inclusion body myositis
(IBM), amyopathic dermatomyositis
(ADM) or dermatomyositis (DM) (1).
Emerging evidence has discovered sev-
eral pathogenic myositis-specific an-
tibodies (MSAs), such as anti-TIF1-y,
NXP2, SAE, HMGCR and MDAS5
(Melanoma differentiation-associated
gene 5, MDAS) antibody (2-4). The
specific types of autoantibodies are
linked with different patterns of clinical
manifestations and are helpful to clas-
sify IIM patients and to predict severe
organ involvement and prognosis.
Follicular T helper (Tgy) cells are a spe-
cialised subset of CD4* T cells, which
are located in the germinal centre. They
professionally promote B cell differen-
tiation into plasma cells and production
of antibodies (5). Recent studies have
reported a subset of CXCRS5*CD4*
T cells in the circulation which share
common developmental mechanisms,
phenotypes and functional properties
with Ty, cells (6). They are considered
to be circulating memory compart-
ment of Ty, lineage in the blood (6).
Accumulating evidences demonstrate
that Ty, cells were highly activated
and expanded in autoimmune diseases
such as systemic lupus erythematosus
(SLE), rheumatoid arthritis (RA), pri-
mary Sjogren’s syndrome (pSS) and
autoimmune thyroid disease (7-10).
Regarding the role of emerging patho-
genic autoantibodies in the pathogene-
sis of IIM, an aberrant response might
happen to Ty cells in IIM. However,
it is still unclear whether homeostatic
state of Ty cells are altered and how
they contribute to the pathogenesis of
IIM. Several studies reported conflict-
ing results on the status of Ty cells in
peripheral blood of IIM patients. Es-
pinosa-Ortega et al. found increased
numbers of Ty, cells in 30 IIM pa-
tients while Sasaki et al. found fewer
Tpy cells in 13 DM patients (11, 12),
but neither of them discussed the char-
acteristics of Ty cells in the circula-

tion according to the pattern of MSAs.
In the present study, we aim to explore
the frequency of Ty cells and the po-
tential involvement of Ty cells in sub-
groups of IIM patients. We found that
circulating Ty, cells were increased
only in IIM patients with anti-MDAS
antibody and active caspase-1 was in-
creased in Ty, cells from these patients.
The increased frequency of Ty cells
was correlated with disease activities
only in patients with anti-MDAS anti-
body, indicating a positive role of Ty,
cells in the pathogenesis of IIM with
anti-MDAS antibody.

Materials and methods

Patients

Forty-four hospitalised IIM patients
fulfilled the Peter and Bohan diagno-
sis criteria (13) were recruited from
the Department of Rheumatology, the
First Affiliated Hospital, Sun Yat-Sen
University. Patients with infection or
pregnancy were excluded. In the subse-
quent analysis, all 44 patients also met
2017 EULAR/ACR classification cri-
teria for adult and juvenile idiopathic
inflammatory myopathies (1). Patients
were recruited consecutively and were
not selected for any characteristics
including autoantibodies. Eleven age-
and gender-matched healthy controls
(HCs) were included in the present
study. Demographic and clinical char-
acteristics of the IIM patients and HCs
are shown in Supplementary Table S1.
This study was approved by the Insti-
tutional Ethical Committee of the First
Affiliated Hospital, Sun Yat-Sen Uni-
versity. Informed consents were ob-
tained from IIM patients and HCs.

Clinical parameters and clinical scales
MSAs (including anti-MDAS, anti-
Ro-52, anti-Jo-1, anti-PL-7, anti-PL-12,
anti-EJ, anti-OJ, anti-Mi-2a, anti-Mi-
2f3, anti-TIF1-y, anti-NXP2, anti-SAE1,
anti-Ku, anti-PM-Scl100, anti-PM-
Scl75, anti-SRP) were detected by a
commercially available line immunoas-
say (Euroline Myositis Profile, EURO-
IMMUN, Luebeck, Germany). Disease
activities of myositis were evaluated
using patient/parent’s assessment of
disease activity on a Visual Analogue
Scale (VAS), physician’s assessment
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of disease activity on a VAS, the Myo-
sitis Disease Activity Visual Analogue
Scales (MYOACT) and manual muscle
test (MMT) (14). MYOACT is scored
by extramuscular system (the sum of 6
individual organ systems including con-
stitutional, cutaneous, skeletal, gastroin-
testinal, pulmonary, cardiac), muscular
system and the total systems.

PBMC isolation and flow cytometry
Blood from 44 IIM patients and 11
HCs were drawn into tubes coated with
heparin. Peripheral blood mononuclear
cells (PBMCs) were isolated using den-
sity-gradient centrifugation on Ficoll-
Paque™ PLUS (GE Healthcare, USA).
Single cell suspensions were prepared
for flow cytometry. For surface mark-
er and FAM-FLICA caspase-1 stain-
ing, cells were stained with antibodies
against CD4, CXCRS5, ICOS, PD-1
(BioLegend, USA) and a FAM-FLICA
caspase-1 probe (ImmunoChemistry
Technologies) at 4°C for 30 minutes
and then washed with PBS twice. For
Foxp3 and Ki-67 staining, cells were
fixed and permeabilised with a Foxp3
Staining Set (eBioscience, USA) and
then stained for Foxp3 and Ki-67 (Bio-
Legend, USA). Samples were analysed
by flow cytometry with a CytoFLEX
analyser (Beckman Coulter). FlowJo
software (Tree Star, USA) was used for
FAC data analysis.

Statistics

All data are presented as mean + SEM.
Statistical analysis was performed us-
ing GraphPad Prism 7. The differences
were assessed by t-test, chi-square test
or one-way ANOVA as appropriate. For
correlation analysis, Spearman correla-
tion coefficient was applied. Two-tailed
p<0.05 was considered statistically sig-
nificant.

Results

Clinical features of IIM patients

In the present study, 44 IIM patients
and 11 HCs were included. The demo-
graphic characteristics of the patients
were presented in Supplementary Table
S1. There is no difference in age and
gender between patients and HCs. Sev-
enty-five percentages of IIM patients
were diagnosed as DM and the remain-
ing patients were PM.

To further analyse subgroups of IIM,
we subdivided patients into two groups
according to the pattern of MSAs.
Among 44 IIM patients, 16 (36%) were
positive for anti-MDAS antibody (Ab)
(Suppl. Table S2). The remaining pa-
tients were either negative or positive
for other myositis specific autoantibod-
ies as shown in Supplementary Table
S3. Eight patients had two or more au-
toantibodies simultaneously and 8 were
negative for the autoantibodies tested.
Significantly higher prevalence of skin

rash, including cutaneous ulceration,
heliotrope sign and Gottron papules/
sign were observed in anti-MDAS Ab-
positive patients. ADM, ILD and arthri-
tis were more commonly seen in anti-
MDAS5-positive group. Anti-MDAS
positive patients exhibited significantly
lower CK and LDH levels and lower
leukocyte or lymphocyte counts (Suppl.
Table S4). There were no statistically
significant differences in fever, dysp-
nea, myalgia, cardiomyopathy, calcino-
sis, AST,ALT, ESR, CRP, ANA, ferritin
and immunoglobulin between the two
groups.

Frequency of circulating Ty, cells

was increased in IIM patients with
anti-MDAS antibody

PBMCs from 44 IIM patients and
11 HCs were subjected to flow cy-
tometry for analysis of Ty, -cells.
CD4*CXCRS5*Foxp3- cells were con-
sidered to be circulating Ty, cells as
reported previously (7). The frequen-
cy of CD4*CXCR5Foxp3™ Ty cells
was not changed in patients with 1IM
when compared to HCs. Further sub-
group analysis showed that the fre-
quency of Ty, cells was increased only
in patients with anti-MDAS antibody.
The frequency of Ty, cells in patients
without anti-MDAS antibody was not
statistically different to that in HCs
(Fig. 1A-D).
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Fig. 1. Percentages of circu-
lating Ty, cells in patients with
IIM and HCs. PBMCs of pa-
tients with idiopathic inflam-
matory myopathies (IIM) and
healthy controls (HCs) were
analysed by flow cytometry.
A: Gating strategy. Lym-
phocytes were gated on
CD4* cells and further iden-
tified as circulating Tp,
(CD4*CXCR5*Foxp3’) cells.
NS B, D: Representative contour
plots and percentages of circu-
lating Ty, among CD4* T cells
in HCs (n=11), anti-MDAS5*
IIM patients (n=16) and anti-
MDAS- IIM patients (n=28).
C: Percentages of circulating
Ty, cells among CD4+* T cells in
IIM patients (n=44) and HCs.
NS: not significant.
*p<0.05.

HC MDA5*MDA5
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PD-1"ICOS-CXCR5* T cells represent
resting and PD-1"ICOS*CXCR5* T
cells represent recently activated mem-
ory Tp, cells (15, 16). We found that
the percentage of PD-1"¢"[COShe" Ty,
cells was increased in the circulation
of IIM patients (Fig. 2A-B). However,
the increased PD-1""[COS™e" T, cells
was only observed in patients with an-
ti-MDAS antibody. There was no sig-
nificant difference in the percentage of
PD-1"e"[COS"e" Ty, cells between HCs
and IIM patients without anti-MDAS5
antibody (Fig. 2A, C). The expression
of Ki-67, a marker of proliferation,
was increased in Ty, cells from IIM
patients, which was attributed to the
increased expression of Ki-67 in Ty,
cells from patients with anti-MDAS5
antibody. We did not observe the dif-
ference in the expression of Ki-67 in
Tpy cells from patients without anti-
MDAS antibody and HCs (Fig. 2D-F).

Inflammasome associated

caspase-1 was activated in

circulating Ty, cells in IIM patients
with anti-MDAS antibody

Recent findings suggest that IL-1 sig-
nalling is involved with Ty, cells in
controlling B cell responses (17). The
production of IL-1 is controlled by
inflammasome associated caspase-1
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PBMCs from IIM patients
and healthy controls (HCs)
were analysed by flow cytom-
etry. A, C: Representative dot
plots and frequencies of ac-
tive caspase-1* cells among
Ty cells in anti-MDAS®,
anti-MDAS" [IM patients and
HCs.

B: Percentages of active cas- B
pase-1* cells in Ty, cells in 3 61
IIM patients and HCs. S
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activation (18). The activation of cas-
pase-1 leads to the maturation and
secretion of IL-1 (19). To assess the
potential role of inflammasome asso-
ciated caspase-1 activation in patients
with IIM, a fluorescence-labeled inhib-
itor probe, which binds to intracellular
active caspase-1 specifically (20), was
used to measure levels of active cas-
pase-1 in Ty, cells. The data showed
that the percentage of active caspase-1*
Tgy cells was increased in patients with
IIM when compared to that from HCs.
However, increased active caspase-1*
Ty cells were only observed in pa-

tients with anti-MDAS antibody. No
difference was found between patients
without anti-MDAS antibody and HCs
(Fig. 3A-C).

Circulating T, cells were

correlated with disease activity in

IIM patients with anti-MDAS antibody
To investigate whether Ty, cells con-
tributed to the disease in patients with
IIM, we further analysed the associa-
tion between the frequency of Ty, cells
and diseases activity. Disease activity
was evaluated according to patient/par-
ent’s assessment VAS, physician’s as-
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sessment VAS, MYOACT scores and
MMT. We found that the frequencies of
Ty, cells were significantly correlated
with patient/parent’s assessment VAS,
physician’s assessment VAS (Fig. 4A-
B). Similar results were also observed
regarding MYOACT-total, MYOACT-

extramuscular, MYOACT-cutaneous
and MYOACT-pulmonary systems
(Fig. 4C-F).

From the data above, circulating Ty,
cells seemed to be involved in IIM in
patients with positive anti-MDAS an-
tibody only. To further confirm the
contribution of circulating Ty, cells in
subsets of IIM patients, we analysed
the correlations between circulating Ty,
cells in IIM subgroup of patients with
or without anti-MDAS antibody. The
percentage of Ty cells was correlated
with disease activity scales of Patient/
parent VAS, Physician VAS (Fig. SA-
B) in patients with anti-MDAS anti-
body. The percentage of Ty, cells was
also correlated with MYOACT-total,
MYOACT-extramuscular and MY-
OACT-pulmonary systems in patients
with positive anti-MDAS5 antibody (Fig.
5C, D, F). However, there is no correla-
tion between Ty, cells and MYOACT-
cutaneous system in patients with anti-
MDAS antibody (Fig. SE). On the other
hand, in patients without anti-MDAS
antibody, we did not find correlations
between the frequency of Ty, cells and
disease activity scales (Fig. 6).

Discussion

Disturbances of Ty, cells have been re-
ported to contribute to the pathogenesis
of autoimmune diseases (7-10). Circu-
lating CXCR5*CCR7°*PD-1""CD4+ T
cells is considered as the precursor cells
of Ty, cells in circulation (21). It was
found aberrantly expanded in IIM and
was shown to significantly correlate
with disease activity (21). However, ev-
idences regarding the roles of Ty cells
in the pathogenesis of IIM are conflict-
ing (11, 12). In the present study, we
did not find any significant difference
in the percentages of Tgy cells between
the IIM group and the healthy controls.
Nevertheless, when subclass analysis
was performed according to positivity
of MDAS-antibody, we found a sig-
nificantly higher percentage of Ty, cells

Clinical and Experimental Rheumatology 2021
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Fig. 6. Correlation between the percentage of Ty, cells with disease activities in IIM patients without

anti-MDAS antibody.

A-F: Correlation between the percentage of T, with Patient/parent VAS (A), Physician VAS (B),
MYOACT-total (C), MYOACT-extramuscular system (D), MYOACT-cutaneous system (E) and MY-
OACT-pulmonary system (F) was shown. Patient/parent VAS, patient/parent global activity assess-
ment using a visual analoue scale; Physician VAS, physician global activity assessment using a visual
analogue scale; MYOACT, myositis disease activity assessment visual analogue scales.

in the antibody-positive patients com-
pared to the MDAS-antibody negative
patients, suggesting that Ty cells might
have a particular role in the pathogen-
esis in IIM patients with anti-MDAS
antibody.

Anti-MDAS antibody is a recently de-
scribed MSA. It is exclusively present
in 20-30% of DM patients (22). The
percentages (36%) of anti-MDAS an-
tibodies in this cohort is higher than
the previous reports. This is probably
because our hospital is a tertiary insti-
tution receiving sicker referral patients
and anti-MDAS is associated with dis-
ease severity. MDAS is a cytoplasmic
retinoic  acid-inducible  gene-1-like
receptor, which senses RNA with a
helicase domain and subsequently in-
duces the expression of type 1 inter-
feron (T1-IFN) and pro-inflammatory
cytokines (23). Anti-MDAS5 antibody,
originally called anti-CADM-140 an-
tibody, is specific for DM and closely
associated with the life-threatening rap-
idly progressive interstitial lung disease
(RP-ILD) (24). Anti-MDAS antibody-
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positive DM patients are also character-
ised by unique skin lesions, especially
the cutaneous ulceration, and a lower
rate of myositis (25). In this study, ILD,
ADM and mucocutaneous lesions were
more commonly seen in IIM patients
with anti-MDAS antibody.

Antibody production by B cells de-
pend on the help provided by CD4+ T
cells largely (26), more specifically by
a CD4* T cell subset Ty cells (27). In
the present study, we found that circu-
lating Tg cells were increased in IIM
patients with anti-MDAS antibody.
Higher expression of PD-1 and ICOS
as well as Ki-67 on Ty, cells was found
in patients with anti-MDAS antibody.
PD-1"ICOS*CXCRS* Ty cells display
a phenotype of effector memory T cells
(6). ICOS is a molecule that is essen-
tial for Ty cell generation. In addition,
ICOS itself acts as an important co-
stimulatory molecule to induce the pro-
duction of IL-21 by Ty, cells, which is
critical for B cell response (28). ICOS
expression was increased in Tgy cells
from patients with anti-MDAS anti-

body, indicating that Ty cells from pa-
tients with anti-MDAS antibody could
provide stronger help to B cells and that
might contribute to the production of
anti-MDAS5 autoantibody.

IL-1 signalling is involved in the func-
tion of Ty cells (17). Mice deficient in
the receptor for IL-1 showed a signifi-
cant decrease in Tg, cells compared to
that in wild-type mice (29). The matu-
ration and production of IL-1 are con-
trolled by inflammasome associated
caspase-1 activation (19, 30), demon-
strating the association of inflamma-
some associated caspase-1 activation
with Ty, cells. We found the active cas-
pase-1 was increased in Ty, cells from
IIM patients with anti-MDAS5 antibody.
It has been shown that caspase-1 in-
hibitor inhibited humoral immunity
response by suppressing Tg, cells in an
animal model of experimental autoim-
mune myasthenia gravis (31). The in-
creased activation of caspase-1 in Ty,
cells might form a positive feedback
loop that could affect the proliferation
of the Ty, cells, since we observed an
increase of Ki-67 expression in these
cells. Recently, data have shown the
involvement of caspase-1 in the dif-
ferentiation of Th1 and Th17 cells (32,
33). Our results suggest that the acti-
vation of caspase-1 enhances the dif-
ferentiation of the Ty cells in patients
with anti-MDAS antibody and target-
ing NLRP3 inflammasome might have
therapeutic implication for this disease.
However, further studies are needed to
confirm this speculation.

In conclusion, percentage of circulat-
ing Ty, cells is increased and correlated
with disease activities in IIM patients
with positive anti-MDAS antibody.
These findings suggest a role for Ty
cells in the pathogenesis of anti-MDAS
positive IIM and T, cells might serve as
a biomarker for this subset of patients.
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