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Abstract

Background Patients with idiopathic inflammatory myopathy (IIM) often express a different type of myositis-specific
autoantibodies (MSAs), each associated with different clinical symptoms. Understanding the immunopathogenesis
of various lIM subgroups can help improve the diagnosis and prognosis of IIM patients with different MSAs. However,
the immune cell profiles of these IIM patients with anti-aminoacyl tRNA synthetase (ARS) or anti-melanoma differ-
entiation-associated gene 5 (MDA5) autoantibodies remain unclear. We focused on the immune cell profiles of [IM
patients with anti-ARS or anti-MDAbS autoantibodies.

Results The peripheral blood from IIM patients with anti-MDA5 autoantibody (MDAS5 +group, n=24) or one

of the anti-ARS autoantibodies (ARS + group, n=40) autoantibodies, and healthy controls (HC group, n=60) were
collected and examined. We found that IIM patients had a lower CD3 T cell population compared to the HC group. IIM
patients showed a significantly lower Ty, cell population and a higher Tgyga cell population. Higher Th17 and Treg cell
populations were found in these IIM patients than in the HC group. In these IIM patients, the MDA5 + group exhib-
ited the higher percentages of Th17 and Treg cells than the ARS + group. It is noteworthy that the percentage of Th1
cells in the survival subgroup was higher than in the death subgroup in lIM patients with ARS+or MDAS5 +. Further-
more, in the MDA5 +group, the percentage of Treg cells was higher in the survival subgroup compared to the death
subgroup.

Conclusions Our study demonstrated that elevated Th1 may be a good prognostic indicator in IIM patients

with ARS +or MDA5 +. Elevated Treg may also help predict a good prognosis in MDAS5 +1IM patients. However, more
large-scale studies and clinical samples are needed to verify the significance of Th1 and Treg cell subsets in clinical
outcomes for these IIM patients with ARS+or MDA5 +. These data may help design a therapeutic approach that spe-
cifically targets the pathogenic immune molecular responsible for autoimmune attacks in [IM.
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Background
Patients with idiopathic inflammatory myopathy (IIM), a
rare autoimmune disease, generally show proximal mus-
cle weakness, muscle inflammation, myalgia, fatigue, and
various extramuscular manifestations [1, 2]. IIM patients
often have one of various myositis-specific autoantibod-
ies (MSAs), such as anti-aminoacyl tRNA synthetases
(ARS) and anti-melanoma differentiation-associated
gene 5 (MDAS5) autoantibodies [3, 4]. Previous stud-
ies have shown that IIM patients with a certain type of
MSA often have unique clinical manifestations [5, 6].
Therefore, the identification of MSAs is now considered
to help identify various IIM subgroups [7, 8]. The most
commonly detected MSAs in IIM patients are anti-ARS
autoantibodies, including autoantibodies against histi-
dyl- (Jo-1), alanyl- (PL-12), threonyl- (PL-7), asparaginyl-
(KS), glycyl- (E]), phenylalanyl- (ZO), tyrosyl- (HA), and
isoleucyl- (OJ) tRNA synthetases [9, 10]. IIM patients
with one of these anti-ARS autoantibodies often have
typical clinical symptoms, known as antisynthetase syn-
drome, such as fever, myositis, inflammatory arthritis,
mechanic’s hands, Raynaud’s phenomenon, and intersti-
tial lung disease (ILD) [11-13]. While IIM patients with
anti-MDAS5 autoantibody often exhibit cutaneous fea-
tures with muscle weakness (classical dermatomyositis)
or without (clinical amyopathic dermatomyositis) and
develop fatal rapidly progressive ILD, especially in Asian
patients [14—16]. The presence of MSA indicates that an
abnormal immune system is involved in the pathogenesis
of IIM. Understanding the immunopathogenesis of vari-
ous IIM subgroups can help in the design of optimal ther-
apeutic strategies for IIM patients with different MSAs.
A dysregulated immune system is one of the leading
causes of autoimmune diseases. The innate and adaptive
immune systems are believed to be involved in the devel-
opment of IIM [17, 18]. Recent studies have found that
IIM patients had a reduction in the circulating subsets
of CXCR3+T cells and memory B cells [19-21]. Using
immunocytochemical analysis, CD4+and CD8+T cells
are found to mainly infiltrate the endomysial and perivas-
cular regions of muscle tissues from polymyositis patients
and the perivascular region of muscle tissues from der-
matomyositis patients [22, 23]. Using mass cytometry
by time-of-flight analysis (CyTOF), Thl, CXCR3+ Th2,
CXCR3+Th17 cells, and the CXCR3+subsets of
CD8+cells are significantly reduced in IIM compared
to healthy controls [19]. Using flow cytometry analy-
sis, the immune phenotypes of anti-synthetase syn-
drome are shown to skew towards a Thl phenotype
[24]. Single-cell profiling data further demonstrate that
interferon-stimulating gene+ (ISG+) B cells, peripheral
antibody-secreting cell clusters, and ISG15+CD8+T
cell clusters are more enriched in patients with active
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MDAS5 + dermatomyositis [25]. Although an abnormal
T cell-mediated immune system has been shown to pre-
dominate in the pathogenesis of IIM, the role of T cells in
the immunopathology of IIM with distinct MSAs is still
under investigation. Our preliminary data showed that
IIM patients with different autoantibodies exhibit unique
peripheral blood T cell subsets [26]. In the present study,
more participants were enrolled to examine immune cell
profiles in the peripheral blood and to assess the associa-
tions between these immune cell profiles and the clinical
outcomes.

Results

Clinical characteristics of study participants

To classify the different MSAs in IIM patients, a
total of 268 IIM patients were enrolled. In this study,
IIM patients with one of the anti-ARS autoantibod-
ies (ARS + group, n=40) and IIM patients with anti-
MDAS5 autoantibodies (MDAS5 +group, n=24) were
selected to be further examined (Supplementary
Fig. 1). Among these IIM patients with ARS+, there
were Jo-1 (n=13), E] (n=10), PL-12 (n=7), OJ (n=5),
PL-7 (n=3), and KS (n=2). Furthermore, healthy par-
ticipants were also enrolled as healthy control (HC
group, n=60). As shown in Table 1, the demographic
characteristics of these participants were presented.
The age of the participants in the ARS + group and the
MDAS5 + group was older than that of the HC group
(Table 1). However, there were no significant differ-
ences in age and gender between the ARS +group and
the MDAS5 + group (Table 1). As Table 1 showed, the
ARS +group and the MDA5 +group differed signifi-
cantly in some clinical characteristics, including Got-
tron’s sign (p < 0.01), skin rash (p =0.02), and Raynaud’s
phenomenon (p=0.03). Other clinical characteristics,
such as periungual erythema, mechanic’s hand, mus-
cle weakness, arthritis, and ILD, were similar between
the groups (Table 1). Since some samples were col-
lected on a different date than the date of blood test,
laboratory data were only compared for 25 samples in
the ARS + group and 18 samples in the MDA5 + group
(Table 1). We observed that the ARS+group had a
higher white blood cell (WBC) count compared to
the MDA5+group (p=0.047, Table 1). No signifi-
cant differences were found in neutrophil numbers,
lymphocyte numbers, and neutrophil-to-lymphocyte
ratio (Table 1). Furthermore, we checked that the
samples were obtained before participants received
immunosuppression. As shown in Table 1, 16 patients
in the ARS+group (40.0%) and 8 patients in the
MDA5 +group (33.3%) received immunosuppres-
sive treatment prior to sample collection. Among
these patients, more patients in the MDA5 + group
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Table 1 Demographics of patients with idiopathic inflammatory myopathy (IIM) and healthy control (HC)
Characteristics IIM, ARS + 1IM, MDA5 + P! HC p?
(n=40) (n=24) (n=60)
Gender, n (%)
Female 31(77.5) 19(79.2) 0.14 48 (80) 0.96
Male 9(22.5) 5(4.2) 12 (20)
Age (years), median (IQR) 58.0(47.0-67.0) 495 (43.4-58.8) 0.07 37.0(33.0-43.3) <0.01
Organ involvement, n (%)
Gottron’s sign 10 (25.0) 15 (62.5) <0.01 NA
Skin rash 13 (32.5) 15 (62.5) 0.02 NA
Raynaud’s phenomenon 15 (37.5) 3(12.5) 0.03 NA
Periungual erythema 14 (35.0) 11 (45.8) 0.39 NA
Mechanic's hand 20 (50.0) 14 (58.3) 0.52 NA
Muscle weakness 20 (50.0) 7(29.2) 0.10 NA
Arthritis 16 (40.0) 9(37.5) 0.84 NA
Interstitial lung disease 18 (45.0) 15 (62.5) 0.18 NA
WBC count (X 10A3/ul), median (IQR) 10.0 (8.4-15.7)* 76 (56-11.3)° 0.047 NA
Neutrophil numbers (%) 77.0 (68.8-85.6)° 774 (70.8-86.8)° 0.71 NA
Lymphocyte numbers (%) 10.6 (7.2-21.2)° 15.0 (5.7-17.6)° 0.70 NA
NLR 8(3.3-11.8)° 5.1(4.0-158)° 067 NA
Immunosuppressants, n (%) 16 (40.0) 8(33.3) 0.28 NA
Azathioprine 5(12.5) 1(4.2) 0.27 NA
Cyclophosphamide 6 (15.0) 0(0) NA NA
Cyclosporin 3(7.5) 3(12.5) 0.51 NA
Methotrexate 2(5.0) 6 (25) 0.02 NA
Mycophenolate 3(7.5) 14.2) 0.59 NA
Tacrolimus 1(2.5) 0(0) NA NA
Prednisolone>20 mg 4(10.0) 2(8.3) 0.82 NA
QOutcome, n (%)
Alive 39(97.5) 17 (77.3)¢ <0.01 NA
Death 1(2.5) 5(22.7)° NA

Data are presented as a median (interquartile range, IQR) or n (%). ®n=25, because other samples (n=15) were collected on a different date than the complete blood
count date; °n= 18, because other samples (n=6) were collected on a different date than the complete blood count date; “n=22, because 2 patients were lost to

follow-up

Statistics: p' value, calculated with Mann Whitney test or Chi square analysis between the ARS +and MDAS5 + groups; p? value, calculated with Kruskal-Wallis test or

Chi square analysis among the MDA5, ARS, and HC groups

Abbreviations: lIM Idiopathic inflammatory myopathy, ARS + Anti-aminoacyl-tRNA synthetase autoantibody positive, MDA5 + Anti-melanoma differentiation-
associated gene 5 autoantibody positive, HC Healthy control, QR Interquartile range, WBC White blood cell, NLR Neutrophil-to-lymphocyte ratio, NA Non-applicable

received methotrexate compared with the ARS + group
(p=0.02, Table 1). There were no significant differ-
ences in the number of people using other immu-
nosuppressive drugs (Table 1). Two patients lost
follow-up in the MDAS5 + group. Other participants in
this study continued to receive the appropriate treat-
ment for their condition. Table 1 showed that 5 out of
22 patients (22.7%) in the MDA5 + group and 1 out of
40 patients (2.5%) in the ARS+ group were dead dur-
ing the follow-up time. Therefore, a higher death rate
was found in the MDA5+group compared to the
ARS + group (p<0.01, Table 1).

Different immune cell profiles between IIM patients

with ARS + or MDAS5 + and the HC group

To evaluate specific immune profiles in IIM patients
with ARS+or MDA5+, the pheripheral blood of these
IIM patients and HC was examined for CD3+T cells,
CD14 + monocytes, CD19+B cells and CD56+NK cell
populations. Compared to the HC group, we found that
the percentage of CD3+T cells was lower (medium
45.1%, interquartile range (IQR) 34.5%-54.2% versus HC
[60.8%, IQR 54.8%-66.4%]) (p<0.001), while the per-
centage of CD14+ monocytes was higher (11.0%, IQR
8.0%-18.2% versus HC [5.7%, IQR 4.1%-7.8%]) (»<0.001)
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in the peripheral blood of IIM patients (Fig. 1A). How-
ever, there were no differences in the percentages of
CD19+B cells and CD56+NK cells between these IIM
patients and the HC group (Fig. 1A). We further exam-
ine the immunophenotypes between these two IIM
subgroups. No significant differences were observed
in the percentages of CD3+T cells, CD14+mono-
cytes, CD19+B cells and CD56+NK cells between the
ARS +group and the MDAS5 +group (Fig. 1A). Absolute
lymphocyte numbers were obtained by combining WBC
counts from the hematology analyzer (shown in Table 1)
with flow cytometry population data. Compared to the
MDAS5 + group, the number of CD3+T cells was higher
in the ARS+group, but there were no differences in
the number of CD14+ monocytes, CD19+B cells, and
CD56 + NK cells (Fig. 1B).

Since T cells have been shown to be involved in the
pathogenesis of IIM [23], we examined T cell populations
in IIM patients, the MDA5 + group, and the ARS 4 group.
Compared to the HC group, IIM patients had a signifi-
cantly lower CD3 cell population, including CD4 and
CDS8, in their pheripheral blood (p <0.05, Table 2). Using
surface expression of lymph node-homing markers, such
as CD45RA and CD62L, T cells are subdivided into naive
cells (Ty), central memory T cells (T), effector mem-
ory T cells (Tg)) and terminally differentiated effector
memory T cells (Tgyra) [27-31]. As shown in Fig. 24,
cell populations of Ty cells (CD45RA +CD62L+), Ty
(CD45RA-CD62L+), Tgy (CD45RA-CD62L-) and
Teymra (CD45R+CD62L-) were examined. We observed
alower T cell population (p <0.001) and higher Ty, and
Teymra cell populations (p<0.05, Fig. 2B and Table 2) in
the pheripheral blood of IIM patients. However, the per-
centage of T cells was similar between the IIM patients
and the HC group (Fig. 2B and Table 2). Previous stud-
ies have shown that there are age-related changes in
the distribution of pheripheral blood lymphocytes [32,
33]. Because our IIM patients were older than the HC
group (Table 1), multiple linear regression analysis was
performed to examine the effect of age, as a variant, on
these T cell populations. After adjusting for age, these
IIM patients still showed decreased Ty and increased
Temra cell population (p<0.0001). However, after adjust-
ing for age, there were no significant differences in Tgy,

(See figure on next page.)
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(»p=0.92) and Ty (p=0.40) in these IIM patients. Fur-
thermore, after adjusting for group (IIM), there was no
significant difference in age (variant) for Ty, Tey, Tew
and Tpypa cell populations in the IIM and HC groups.
We found that IIM patients with MDA5 (n=24), Jo-1
(n=13), E] (n=10), PL-12 (n=7) and OJ (n=5) showed
a lower population of Ty cells compared to the HC
group (Supplementary Fig. 2). [IM patients with MDAS5
also showed a significantly lower population of Ty
cells compared to the HC group (Supplementary Fig. 2).
Compared to the HC group, IIM patients with MDAS5,
Jo-1, and EJ, but not PL-12 and OJ, had a higher Tpya
cell population (Supplementary Fig. 2). However, no sig-
nificant differences were found in the percentage of T,
cells in the MDA5 +group and the percentages of Ty
and Tpy, cells in the ARS+group (Supplementary Fig. 2).
Next, we compared these T cell subsets between the
ARS +group and the MDAS5 + group. The MDAS5 + group
had lower percentages of CD8 cells than the ARS + group
(p<0.01, Table 2). Compared to the MDAS5 +group, the
ARS+group showed a lower Ty cell population and a
higher Ty, cell population in the subsets of CD3, CD4
and CD8 T cells (p<0.05, Table 2 and Fig. 2B). Fur-
thermore, no significant differences were found in the
percentages of Ty, and Tpyra cell populations in the
subsets of CD3, CD4 and CD8 T cells between the two
groups (Table 2 and Fig. 2B).

Higher populations of Th17 and Treg cells in peripheral
blood of IIM patients with ARS + or MDA5 +, especially
those with anti-MDAS5 autoantibodies

The surface expression of the chemokine receptors,
CXCR3, CCR6, and CCR4, is commonly used to clas-
sify the subsets of CD4+T helper cells (Th), includ-
ing type 1 (Thl), type 2 (Th2), type 9 (Th9) and type
17 (Th17) [34-37] (as shown in Fig. 3A). We found
that IIM patients with ARS+or MDA5+had signifi-
cantly higher Th17 cell populations (1.0%, IQR 0.8%-
1.5%) compared to the HC group (0.7%, IQR 0.5-1.1%)
(p<0.001; Fig. 3B). Compared to the HC group, I[IM
patients with O] showed a higher Th1 cell population;
with EJ or PL-12 had a lower Th9 cell population; with
MDAS5 (n=22) had a higher Th17 cell population (Sup-
plementary Fig. 3A). However, the percentage of Thl,

Fig. 1 IIM patients have a lower CD3 + cell population and a higher CD14 + cell population in the pheripheral blood. A Flow cytometry analyses

of CD3, CD14, CD19, and CD56 surface markers in peripheral blood mononuclear cells (PBMCs) of IIM patients with anti-aminoacyl-tRNA synthetase
(ARS+, n=40), or with anti-MDA5 antibody (MDA5 +, n=24), and healthy controls (HC, n=60). B Absolute cell numbers of CD3+,CD14+,CD19+,
and CD56+ cells of IIM patients with anti-aminoacyl-tRNA synthetase (ARS+, n=25), or with anti-MDA5 antibody (MDA5 +, n=18). Each dot

was displayed for each data from the enrolled subjects. Data are presented as means =+ SD. The p values were calculated using Kruskal-Wallis test

between the ARS +, MDAS5 +, and HC groups. ns, not significant
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Table 2 Examination of T cell subsets in peripheral blood from patients with idiopathic inflammatory myopathy (IIM) and healthy

control (HC)

p!

Cell subsets ARS + MDAS5 + HC p
(n=40) (n=24) (n=60)

CD3T (%) 51.0 (33.2-65.0) 434 (35.7-53.6) 0.22 64.5 (56.6-71.3) <0.001
CD3 Ty (%) 14.2 (10.6-22.3) 28.9(20.8-35.5) <0.01 323 (27.0-40.7) <0.001
CD3 Ty %) 20.1(13.5-30.2) 22.5(17.2-283) 0.48 23.7 (20.2-27.4) 0.20
CD3 Tgyy (%) 31.0 (23.7-40.3) 233(16.9-27.7) <0.01 272 (21.5-32.1) <0.001
CD3 Tepra (%) 289(15.4-42.2) 25.2(16.7-353) 046 14.0 (7.4-20.5) <0.001

CD4T (%) 33.3(22.5-40.5) 26.9(21.0-29.9) 0.18 33.5(27.6-40.0) 0.02
CD4T, %) 16.7 (13.5-27.6) 27.3(22.5-36.9) <0.01 .1(30.2-484) <0.001
CD4 Ty (%) 25.0(18.5-37.0) 28.2(20.9-33.9) 0.60 292 (23.6-33.1) 0.85
CD4 Tgyy (%) 31.4(22.9-39.6) 20.1 (13.3-29.1) <0.01 21.3(16.8-28.6) <0.001
CD4 Teppa (%) 16.6 (11.2-32.1) 9 (11.2-286) 0.77 8.8(3.1-123) <0.001

CD8T (%) 26.0 (15.4-32.6) 8(10.6-20.5) <0.01 25.1 (20.5-29.1) <0.001
CD8Ty (%) 17.1 (10.9-27.5) 294 (22.7-36.5) <0.01 425 (34.3-46.9) <0.001
CD8 Ty (%) 8.8 (4.4-14.4) 7.7 (4.5-11.4) 0.82 9.1(6.8-11.3) 0.36
CD8Tgy (%) 28.9(21.4-404) 24.0(18.6-29.9) 0.03 29.7 (23.8-35.3) 0.03
CD8 Tepan (%) 356 (23.4-47.9) 40.2 (24.7-45.3) 0.60 18.2 (13.1-26.4) <0.001

Data are presented as a median (interquartile range, IQR)

Statistics: p' value, calculated with Mann Whitney test between the MDA5 and ARS groups; p? value, calculated with Kruskal-Wallis test among the MDA5, ARS, and HC

groups

Abbreviations: lIM Idiopathic inflammatory myopathy, ARS + Anti-aminoacyl-tRNA synthetase autoantibody positive, MDA5 + Anti-melanoma differentiation-
associated gene 5 autoantibody positive, HC Healthy controls, Ty Naive T cells, Ty, Central memory T cells, T, Effector memory T cells, Tz, Terminally differentiated

effector memory T cells

Th2, and Th9 cells was not different between these IIM
patients and the HC group (Fig. 3B). We performed
Bonferroni’s multiple comparison test to examine
the differences between the ARS+and HC groups,
the MDA5+and HC groups, and the ARS+and
MDAS5 +groups. We found that the MDAS5+group
also exhibited a higher percentage of the Th17 popula-
tion (1.3%, IQR 0.9-2.3%) than the HC group and the
ARS +group (0.8%, IQR 0.7-1.1%) (adjusted p<0.01).
The MDAS5 + group showed a lower percentage of Thl
population (8.2%, IQR 5.8—-11.9) than the ARS+ group
(10.8%, IQR 6.9%-16.2%) (p<0.05), which was similar
to the HC group (Fig. 3B). The ARS+ group showed a
lower percentage of Th9 population (3.8%, IQR 2.3-5.9)
than the HC group (5.6%, IQR 3.9%-6.8%) (adjusted
p<0.01). Meanwhile, there were no significant differ-
ences in the percentage of the Th2 population between
the groups (Fig. 3B).

(See figure on next page.)

The subsets of regulatory T (Treg) cells suppress the
activation and function of other leukocytes to main-
tain immune homeostasis [38, 39]. Furthermore, we
examined the circulating Treg cell populations in these
IIM patients with ARS+or MDA5 +and the HC group
(Fig. 4A). As shown in Fig. 4B, the percentage of Treg
cells in peripheral blood was significantly higher in IIM
patients (4.3%, IQR 2.7-6.7%) compared to the HC group
(3.1%, IQR 2.6-3.6%) (p<0.001). Using Bonferroni’s mul-
tiple comparison test, we found that IIM patients with
ARS+or MDA5 +showed a higher Treg cell population
compared to the HC group (adjusted p <0.01). Addition-
ally, IIM patients with OJ or MDA5 also showed a higher
Treg cell population compared to the HC group (Sup-
plementary Fig. 3B). The MDA5+group also showed
a higher percentage of the Treg population (6.5%, IQR
4.2-8.3%) than the ARS+group (4.0%, IQR 2.2-5.9%)
(p<0.01, Fig. 4B). Therefore, IIM patients with ARS + or

Fig. 2 [IM patients exhibit a lower CD3 Ty, cell population and a higher CD3 Tz cell population in the pheripheral blood. Flow cytometry
analyses of surface markers CD3, CD62L and CD45RA surface markers in PBMCs of IIM patients with anti-aminoacyl-tRNA synthetase (ARS+, n=40),
or with anti-MDA5 antibody (MDAS +, n=24), and healthy controls (HC, n=60). A A representative data was shown. Naive T (Ty, CD45RA +CD62L +),
central memory T (T¢, CD45RA-CD62L +), effector memory T (T, CD45RA-CD62L-), and terminally differentiated effector memory T cells (Tgypa,
CD45R +CD62L-) (B) Each dot was displayed for each data from the enrolled subjects. Data are presented as means+SD. The p values were
calculated using Kruskal-Wallis test between ARS+, MDAS5 +, and HC groups. ns, not significant
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MDADS5 +, especially those with anti-MDAS5 autoantibody,
had a higher percentage of Treg cells compared to the
HC group.

A higher proportion of Treg cells is associated with survival
in lIM patients with anti-MDAS5 autoantibodies

The association between these immune cell profiles and
patient death / survival was examined during the study
period. We found that the percentage of Thl cells was
higher in the survival subgroup (10.3%, IQR 7.8—14.2%)
compared to the death subgroup (7.0%, IQR 3.1-9.5%) in
IIM patients with ARS+or MDAS5 + (p<0.05, Fig. 5A).
However, there were no significant differences in the per-
centages of Th17 and Treg cells between the two groups
in IIM patients with ARS+or MDAS5+(Fig. 5A). We
observed that in the MDA5+group, the percentage of
Treg cells in the survival subgroup (7.1%, IQR 5.1-8.9%)
was significantly higher than in the death subgroup
(2.7%, IQR 2.4%-4.1%) (p<0.001, Fig. 5B). To further
distinguish the effect of Treg levels on the cumulative
incidence of survival in the MDA5+group, we set the
mean 6.14% of the Treg percentage as the cut-off value.
In the MDA5 +group, Treg-High referred to samples
whose Treg level was higher than the cutoft value; con-
versely, Treg-Low referred to samples whose Treg value
was lower than the cutoff value. The Kaplan—Meier sur-
vival plot showed a significant difference in the cumu-
lative incidence of survival between Treg-High and
Treg-Low (n=22, Fig. 5C; p=0.0028, log-rank test). That
is, the cumulative incidence of overall survival was sig-
nificantly higher in IIM patients with high Treg levels in
the MDAS5 + group. These data suggest that IIM patients
with ARS +or MDAS5 +with a higher Th1 cell population
may have a better survival trend. IIM patients with anti-
MDAS5 autoantibodies with a larger population of Treg
cells may have a better survival trend.

Discussion

As the abnormal adaptive immune system is predicted to
participate in IIM pathogenesis, various subsets of circu-
lating T cells were examined in IIM patients with differ-
ent MSAs. Here, we observed that IIM patients exhibited
a lower Ty cell population and higher Ty and Tgyra
cell populations, although IIM patients had a lower T

(See figure on next page.)
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cell population compared to the healthy control group.
IIM patients with anti-ARS autoantibodies also showed
a lower Ty cell population and a higher T}, cell popula-
tion than those with anti-MDA5 autoantibody. We found
higher percentages of Th17 and Treg cells in peripheral
blood of IIM patients with ARS+or MDA5 +, especially
those with anti-MDAS5 autoantibodies. In particular, the
percentage of Thl cells in the survival subgroup was
higher than in the death subgroup in IIM patients with
ARS +or MDAS5 +. Furthermore, in the MDA5 + group,
the percentage of Treg cells was higher in the survival
subgroup compared to the death subgroup. Here we
found that elevated Th1 may be a good prognostic indica-
tor in IIM patients with ARS+or MDA5+. Additionally,
elevated Treg may also help predict a good prognosis in
MDAGS +IIM patients.

IIM, a heterogeneous group of systemic autoimmune
diseases, is characterized clinically by weakness of skel-
etal muscles and pathologically by muscle infiltration of
leukocytes, preferentially T cells and macrophages [1, 2,
40-43]. Recently, IIM has been known to be classified
into several clinical serological subgroups: polymyosi-
tis, dermatomyositis (DM; including adult and juvenile
(JDM)), amyopathic DM, antisynthetase syndrome, and
inclusion body myositis (IBM) [44]. In addition, immune-
mediated necrotizing myopathy, hypomyopathic DM,
cancer-associated myositis and overlap myositis are also
clinically classified. Effector memory T cells can drive
the pathogenesis of autoimmune diseases because they
have ready-made effector functions for the presence of
autoantigens [45]. Here, we observed that IIM patients
with anti-MDA5 or anti-ARS autoantibodies (including
Jo-1, EJ, PL-12, and OJ) showed lower populations of Ty
cells compared to the HC group. Meanwhile, these I[IM
patients with MDAS5, Jo-1, and EJ also had higher popu-
lations of Tgyra cells compared to the HC group. These
data suggest that peripheral blood T cells in IIM patients
may differentiate toward effector memory T cells, result-
ing in a decreased T\ cells and the increased T4 cells
compared to healthy control subjects. Previous studies
demonstrate that memory T cell differentiation is sig-
nificantly increased in systemic lupus erythematosus
[46] and rheumatoid arthritis [47]. Highly differenti-
ated CD8+T cell populations have been found in the

Fig. 3 IIM patients with anti-MDAS5 autoantibody have a higher Th17 cell population in the pheripheral blood. Flow cytometry analyses

of CD3, CD4, CXCR3, CCR6, and CCR4 surface markers in PBMCs of IIM patients with anti-aminoacyl-tRNA synthetase (ARS+, n=36),

or with anti-MDA5 antibody (MDA5 +, n=22), and healthy controls (HC, n=60). A One represented data was shown. Th1, CXCR3+CD4+;Th2,
CXCR3-CCR4 + CCR6-CD4 +; Th9, CXCR3-CCR4-CCR6+CD4 +; and Th17 cells, CXCR3-CCR4+ CCR6+CD4 +. B Each dot was displayed for each data
from the enrolled subjects. Data are presented as means +SD. The p values were calculated using Kruskal-Wallis test between the MDA5, ARS,

and HC groups. ns, not significant



Lan et al. BMC Immunology

(2023) 24:33

A
CD3 CD4-gated
§ _4,04% 0.548%
o 10
(&)
ﬂ‘ 103
Th1
I
4 5
10 10
» CXCR3
B
50+
ns
20 P=0.023
X 301 ?
= 3
=201 ¢ =
o B
10- % ‘
H .
0 l I LR
ARS+ MDA5+ HC
20+ ns
ns
15- . °
)
m 10' ° L
S
5_ Of‘t
k1t Od
..,,..
3 £
0

| ) I
ARS+ MDA5+ HC

Fig. 3 (Seelegend on previous page.)

CD3 CD4-gated
% 105_;4.59% 1.20%
O | Th2 Th17
A 03 7
Th9
T
0 102 103 104 105
» CCR6
20+
ns
ns
154
=~ 2 ©
~ 101 & @
P ®
-
5_ D
. b
0 T T T
ARS+ MDA5+ HC
6+ p < 0.001
p <0.01
—_ 44 L4
X
i
=
-

T T
ARS+ MDAS5+

Page 9 of 14



Lan et al. BMC Immunology (2023) 24:33 Page 10 of 14
A B .. p<o0.001
15 _
p <0.01
ARS+ MDAS5+ HC .
™ 5 5 5
Qo' 4.28% | ' 6.59% | 2.63% —~ 10 .
X r X
LE 4 4 4 e-— L)
10 1 10 1 10 1 t o
v:i‘ o = 10° 10° A 2
f 5 3
107 10:3 1 1 o®
o U0
jr——v-—.—v VT r wreey - - ~1 —ry ~r
# w0 w0 1l 0 10° 100 100 100 10° D 5 ...
0

CD4-gated

Ll LI LI
ARS+ MDA5+ HC
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between the MDAS5 and ARS groups, or using Kruskal-Wallis test between the MDAS5, ARS, and HC groups

peripheral blood of IBM patients, a subgroup of IIMs
that frequently harbor anti-cytosolic 5-nucleotidase 1A
(cN1A) autoantibodies [48]. We found that IIM patients
with one of anti-ARS autoantibodies had an increased
Ty cells compared to the MDA5 + group. The data indi-
cate that circulating T cells may predominately differen-
tiate into effector memory T cells, including CD4+and
CD8+, leading to the immunopathogenesis of autoim-
mune diseases. Therefore, these different effector mem-
ory T cells may further contribute to the pathogenesis of
IIM subsets.

In the present study, we found that IIM patients with
anti-ARS autoantibody showed higher percentages of cir-
culating Th1 cell populations than those with anti-MDA5
autoantibody. In fact, Nelke et al. found that immu-
nophenotypes in peripheral blood samples from patients
with anti-synthetase syndrome are mainly differentiated
toward the Thl phenotype [24]. We observed that IIM
patients with anti-MDAS5 autoantibody exhibited higher
percentages of circulating Th17 cell populations than
healthy controls. Previous studies have shown that Th17-
associated pro-inflammatory cytokines must be detected
in lymphocytic infiltrates of IIM muscles, indicating
that Th17 cell subsets may contribute to chronic mus-
cle inflammation in IIM patients [49, 50]. Consistently,
the frequency of circulating Th17 cells increased signifi-
cantly in IIM patients [51]. However, Wilfong et al. found
that CXCR3+Th17 cells were significantly decreased in
IIM patients compared to healthy controls [19]. Ye et al.
demonstrated that IIM patients with MDA5+in active
and remission stages have different states of the adap-
tive immune system [25]. Therefore, these controversial

results require the careful study design. A previous
study demonstrates that the amount of Treg increases
in inflamed muscle tissues [52]. On the contrary, IBM
patients had a lower percentage of Treg cells compared to
healthy controls [53]. Our finding that IIM patients have
the increased number of circulating Treg cells suggests
that the immune system may still struggle to maintain
immune homeostasis during IIM pathogenesis, espe-
cially with anti-MDA5 autoantibody. Since the observa-
tion period varied from case to case, using Kaplan—Meier
survival plots and log-rank tests, we observed a sig-
nificantly higher cumulative incidence of survival in the
MDAS5 + group with higher Treg levels. Therefore, moni-
toring Treg levels may be helpful for the diagnosis of the
MDAS5 + group. These data suggest that IIM patients with
a unique autoantibody intrinsically exhibit the distinct T
cell immune system.

There are several limitations in the present study. For
example, older healthy controls (>55 years) were not
enrolled in the present study; although we used multi-
ple linear regression analysis to surmise that age did not
affect our data. However, we were unable to provide an
accurate comparison of T cell populations between the
HC and IIM groups. Our data provided the immune sta-
tus of the T cells of each subject at the time of receipt, but
may not be the initial status of the IIM. We found that
several patients in this study received immunosuppres-
sive therapy before sample collection. It cannot be ruled
out that the use of these drugs may affect the levels of
lymphocyte subsets in these IIM patients. Furthermore,
the causes of death are often complex, including infec-
tion, drug side effects, and other factors that may alter
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the immune status; therefore, further studies are needed
to evaluate patient samples during treatment and before/
after different treatment regimens. More human subjects
and multicenter studies are needed to assess and confirm
these findings.

Conclusion

Taken together, our data showed that higher percent-
ages of Th17 and Treg cells in peripheral blood of IIM
patients, especially those with anti-MDAS5 autoantibod-
ies. The percentage of Th1 cells in the survival subgroup
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was significantly higher than that in the death sub-
group in IIM patients with ARS+or MDA5+. In the
MDAD5 + group, the percentage of Treg cells was higher in
the survival subgroup compared to the death subgroup.
These data can further help improve the diagnosis and
prognosis of IIM patients with anti-ARS or anti-MDA5
autoantibodies.

Methods

Study participants

I[IM patients (#=268) who met the 1975 criteria
described by Bohan and Peter [54, 55] were consecutively
enrolled in China Medical University Hospital from 2015
to 2020 (Supplementary Fig. 1). The following patients
were included: (1) patients showed clinical manifesta-
tions of myositis; (2) patients had interstitial lung disease
but no evidence of myositis (amyopathic group). The
exclusion criteria were as followed: (1) patients met cri-
teria for other connective tissue diseases; (2) the enrolled
subjects were unable to take venous blood; (3) those [IM
patients were younger than 20 years old and older than
80 years old. The clinical assessment of the patients at
the time of serum sampling was based on a retrospective
evaluation of patient records by a physician. Healthy par-
ticipants without rheumatic diseases and related family
histories were enrolled as healthy controls (HC, n=60)
(Supplementary Fig. 1). This study was approved by the
Institutional Review Board of the China Medical Univer-
sity Hospital (CMUH104-REC3-093). The informed con-
sent form was obtained from each participant according
to the Declaration of Helsinki.

Specimen preparation

Whole blood samples from all participants were collected
at the time of the first visit. The sera were obtained by
centrifugation at 1,200 rpm for 5 min and stored at -80 °C
for the subsequent determination of MSAs. Periph-
eral blood mononuclear cells (PBMCs) were isolated by
Ficoll-Paque density centrifugation (GE Healthcare Bio-
sciences, Illinois, USA) and examined using flow cytom-
etry analysis.

MSAs determination

A total of 268 sera from IIM patients were examined
using a line blot assay according to the manufacturer’s
instructions (EUROLINE Autoimmune Inflammatory
Myopathies 16 Ag test kit; Euroimmune, Germany). The
reaction intensity (2+or 3+) determined by the manu-
facturer’s scanning software was considered positive. To
avoid false positives, several ELISA kits (MBL, Nagoya,
Japan) were used to verify the presence of anti-ARS
antibodies (including anti-Jo-1, anti-EJ, anti-PL-7, anti-
PL-12, and anti-KS antibodies) and anti-MDA5 antibody.
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Flow cytometry analysis

PBMCs were harvested and stained with fluorochrome-
conjugated antibodies panels [56]. To examine immune
cell populations, the PBMCs were stained with PE-Cy7-
conjugated anti-CD3 (HIT3a), PE-conjugated anti-
CD19 (HIB19), PerCP-conjugated anti-CD14 (HCD14),
and Alexa-fluor 488-conjugated anti-CD56 (HCDS56).
To explore the T cell compartments, the PBMCs were
stained with PE-Cy7-conjugated anti-CD3 (HIT3a),
PerCP-Cy5.5-conjugated anti-CD4 (RPA-T4), PE-con-
jugated anti-CD8 (RPA-T8), Alexa-fluor 647-conjugated
anti-CD62L (DREG-56), and Alexa-fluor 488-conjugated
anti-CD45RA (HI100). To classify T cell subsets, PBMCs
were stained with PE-Cy7-conjugated anti-CD3 (HIT3a),
PerCP-Cy5.5-conjugated anti-CD4 (RPA-T4), Alexa-fluor
647-conjugated CCR6 (11A9), Alexa-fluor 488-conju-
gated anti-CXCR3 (1C6), and PE-conjugated anti-CCR4
(1G1). To identify the Treg cell population, PBMCs were
stained with PE-Cy7-conjugated anti-CD3 (HIT3a),
PerCP-Cy5.5-conjugated anti-CD4 (RPA-T4), and Alexa-
fluor 647-conjugated anti-CD25 (BC96) and fixed. After
permeabilization with FOXP3 Fix/Perm Buffer Set (Bio-
Legend, San Diego, CA, USA), these cells were stained
with Alexa-fluor 488-conjugated anti-Foxp3 (259D/C7).
These antibodies were obtained from BioLegend (USA)
and BD Pharmingen (USA). Data were acquired with a
FACSCelesta instrument (BD Biosciences, USA) and ana-
lyzed using FlowJo analytical software (TreeStar, USA).

Statistical analysis

Categorical variables were shown as numbers with per-
centage (%), and continuous variables were presented
as mean *standard deviation (SD). Flow cytometry data
were expressed as median with interquartile ranges
(IQR). Statistical analyses, including Chi square analysis,
Mann-Whitney test, and Kruskal-Wallis test, were per-
formed to evaluate the significant differences between
these groups. For survival analysis, Kaplan—Meier
method and the log-rank test were performed. Data anal-
yses were carried out with GraphPad Prism 7.0 software
(USA). Two-sided p-values less than 0.05 were consid-
ered statistically significant.

Abbreviations

IIM Idiopathic inflammatory myopathy
MSA Myositis-specific autoantibody
ARS Aminoacyl tRNA synthetase

MDA5  Melanoma differentiation-associated gene 5
HC Healthy control

ILD Interstitial lung disease

IQR Interquartile range

Ty Naive cells

Tem Central memory T cells

Tem Effector memory T cells
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Tewra  Terminally differentiated effector memory T cells

Th T helper cells

Treg Regulatory T

DM Dermatomyositis

IBM Inclusion body myositis

WBC White blood cell
NLR Neutrophil-to-lymphocyte ratio
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Additional file 1: Supplementary Figure 1. Flowchart of the analysis
process. Supplementary Figure 2. Various T cell populations in the
pheripheral blood of IIM patients with different autoantibodies. Flow
cytometry analyses of surface markers CD3, CD62L and CD45RA surface
markers in PBMCs of IIM patients with anti-Jo-1 (n = 13), EJ (n = 10),
PL-12 (n=7),0J (n = 5), or MDAS5 (n = 24) autoantibody and healthy
controls (HC, n = 60). Naive T (TN, CD45RA+CD62L+); central memory T
(TCM, CD45RA-CD62L+); effector memory T (TEM, CD45RA-CD62L-); and
terminally differentiated effector memory T (TEMRA, CD45R+CD62L-).
Each dot was displayed for each data from the enrolled subjects. Data
are presented as means + SD. *, p < 0.05. The p values were calculated
using the Mann-Whitney U test between each subgroup and the HC
group. Supplementary Figure 3. Various T cell subsets in the pheripheral
blood of lIMpatients with different autoantibodies. (A) Flow cytometry
analyses of CD3, CD4, CXCR3, CCR6, and CCR4 surface markers in PBMCs
of IIM patients with anti-Jo-1 (n=9),EJ (n =10),PL-12 (n=7),0J (n =

5), or MDA5 (n = 22) autoantibody and healthy controls (HC, n = 60).
Th1, CXCR3+CD4+; Th2, CXCR3-CCR4+CCR6-CD44; Th9, CXCR3-CCR4-
CCR6+CDA4+; and Th17 cells, CXCR3-CCR4+CCR6+CD4+. (B) Flow cytom-
etry analyses of CD3, CD4, and Foxp3 markers in PBMCs of [IM patients
with anti-Jo-1 (n=9),EJ (n=10),PL-12 (n =7),0J (n = 5), or MDAS (n

= 22) autoantibody and healthy controls (HC, n = 60). Treg cells were
defined as CD3+CD4+ Foxp3+. Each dot was displayed for each data
from the enrolled subjects. Data are presented as means + SD. ¥, p < 0.05.
The p values were calculated using the Mann-Whitney U test between
each subgroup and the HC group.
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