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Summary eBioMedicine
Background In patients with idiopathic inflammatory myopathies (IIM), autoantibodies are associated with specific 2023;96: 104804
clinical phenotypes suggesting a pathogenic role of adaptive immunity. We explored if autoantibody profiles are ~ PuPlished Online 26

. . . . . - . L Septemb
associated with specific HLA genetic variants and clinical manifestations in IIM. cptember 2023
https://doi.org/10.

1016/j.ebiom.2023.
Methods We included 1348 IIM patients and determined the occurrence of 14 myositis-specific or —associated 104304

autoantibodies. We used unsupervised cluster analysis to identify autoantibody-defined subgroups and logistic
regression to estimate associations with clinical manifestations, HLA-DRB1, HLA-DQA1, HLA-DQBs alleles, and
amino acids imputed from genetic information of HLA class II and I molecules.

Findings We identified eight subgroups with the following dominant autoantibodies: anti-Ro52, -U1RNP, -PM/Sd],
-Mi2, -Jol, -Jo1/Ro52, -TIF1y or negative for all analysed autoantibodies. Associations with HLA-DRB1*11, HLA-
DRB1*15, HLA-DQA1%03, and HLA-DQBi1%03 were present in the anti-U1RNP-dominated subgroup. HLA-
DRBi1*03, HLA-DQA1%*05, and HLA-DQBi*o2 alleles were overrepresented in the anti-PM/Scl and anti-Jol/
Ro52-dominated subgroups. HLA-DRB1*16, HLA-DRB1*oy alleles were most frequent in anti-Mi2 and HLA-
DRBi1%o1 and HLA-DRBi1*oy alleles in the anti-TIF1y subgroup. The HLA-DRB1*13, HLA-DQA1%01 and HLA-
DQB1*06 alleles were overrepresented in the negative subgroup. Significant signals from variations in class I
molecules were detected in the subgroups dominated by anti-Mi2, anti-Jo1/Ro52, anti-TIF1ly, and the negative
subgroup.

*Corresponding authors. CMM Foundation Karolinska University Hospital 18:04, SE-171 76, Stockholm, Sweden.

**Corresponding author. Karolinska Institutet, Clinical Epidemiology Division MedS, Karolinska Hospital T2, SE-171 76, Stockholm, Sweden.
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Interpretation Distinct HLA class II and I associations were observed for almost all autoantibody-defined subgroups.
The associations support autoantibody profiles use for classifying IIM which would likely reflect underlying
pathogenic mechanisms better than classifications based on clinical symptoms and/or histopathological features.

Funding See a detailed list of funding bodies in the Acknowledgements section at the end of the manuscript.

Copyright © 2023 The Authors. Published by Elsevier B.V. This is an open access article under the CC BY license

(http://creativecommons.org/licenses/by/4.0/).
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Research in context

Evidence before this study

HLA associations with different autoantibody specificities in
idiopathic inflammatory myopathies (IIM) have been studied
before. However, no studies have considered the overlap of
multiple myositis-specific and -associated autoantibodies in
the context of genetic variations in the HLA region using
DNA-based variabilities and imputed amino acids.

Added value of this study
Our results demonstrate distinctive HLA genetic associations
with subgroups of patients with idiopathic inflammatory

Introduction
Idiopathic inflammatory myopathies (IIM) are rare
autoimmune multisystemic diseases. Major IIM subsets
are dermatomyositis (DM), juvenile DM, anti-synthetase
syndrome, immune-mediated necrotizing myositis
(IMNM), polymyositis (PM), and inclusion body
myositis (IBM)."? Autoantibody discovery in IIM has
improved diagnosis, clinical phenotyping, management,
and understanding of the disease’s molecular mecha-
nisms. Among the sixteen myositis-specific autoanti-
bodies (MSA) commonly screened for in the clinic (i.e.,
anti-Jol, -PL7, -PL12, -OJ, -EJ, -KS, -Zo, -HA, -SRP,
-HMGCR, -Mi2, -MDAS5, -NXP2, -SAE, -TIFly/a,
-cN1A), anti-histidyl-transfer RNA synthetase (anti-Jo1)
is found in ~20% of adult-onset patients, while most
other autoantibodies are relatively rare.’ While MSAs are
usually monospecific (i.e., only one MSA is present in
an individual), they may be found in combination with
myositis-associated autoantibodies (MAA). Anti-Ro52/
TRIM21, -U1RNP, -Ku and -PM/Scl are MAA that can
be found in combination with MSA, although they can
also be detected in isolation.’ The presence of anti-Ro52/
TRIM21 in patients with anti-MDAS antibodies or anti-
synthetase syndrome is reported as a marker of poor
prognosis.*®> However, it is unclear if the presence of
combinations of MSA and MAA is associated with
distinct pathogenic mechanisms.

Genetic variations within the human leukocyte anti-
gen (HLA) locus constitute the strongest known genetic
risk factors for IIM.° The HLA genes encode the class II

myopathies, defined by both myositis-specific and -associated
autoantibodies.

Implications of all the available evidence

The combination of HLA genotypes and autoantibody
profiles, including myositis-specific and -associated
autoantibodies, offers a different perspective on IIM
subgrouping and the pathogenic mechanisms underlying
these subgroups.

and [ antigen-presenting molecules with primary func-
tions to present short peptides to T-cells. This intercel-
lular interaction can initiate antigen-specific adaptive
immune responses, sometimes resulting in the pro-
duction of autoantibodies. In IIM, different HLA alleles
are associated with specific autoantibodies.”'* However,
previous studies in IIM have only considered the asso-
ciations between isolated MSA/MAA and different HLA
alleles, disregarding multiple specificities. Additionally,
no sufficiently large study has investigated the re-
lationships between HLA alleles, autoantibody patterns,
and dlinical/histopathological features to determine
which adaptive immune mechanisms are of pathogenic
importance in various IIM subgroups.

Different autoantibody profiles (MSA and/or MAA)
may reflect disease mechanisms genetically driven by
HIA alleles. Therefore, we used a large international
IIM cohort to identify autoantibody-defined subgroups
based on MSA/MAA status allowing for multiple spec-
ificities in the same patient if present. This enabled us to
investigate the relationship between autoantibody pro-
files, clinical manifestations, genotyped and imputed
HLA-DRBI, HLA-DQAI, HLA-DQBI alleles, and
imputed class II and I amino acids.

Methods

Study population

The MYONET registry was used to identify patients with
IIM in clinical registries from five European countries:
UK Myositis Network (UKMYONET) (United Kingdom
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(UK)),"" Institute of Rheumatology (Prague, Czech Re-
public), Karolinska University Hospital (Stockholm,
Sweden), Odense and Copenhagen University Hospitals
(Odense and Copenhagen, Denmark) and Oslo Uni-
versity Hospital (Oslo, Norway)). We included patients if
they: 1) were adults (>18 years old) with at least a
possible IIM diagnosis per the 2017 EULAR/ACR clas-
sification criteria, 2) had available basic clinical features,
and 3) had complete autoantibody profiles (see Autoan-
tibody testing). Anti-synthetase syndrome was defined as
anti-tRNA synthetase positivity and >1 of: myositis,
Raynaud’s phenomenon, arthritis, interstitial lung dis-
ease (ILD), fever or mechanic’s hands.”? Overlap
myositis (OM) was defined as DM or PM diagnosed in
the presence of another connective tissue disease.

Patient and public involvement
Patients’ representatives and the public were not
involved in the planning and conduction of this study.

Clinical features

Clinical features were assessed as present or absent at
any time point during follow-up as defined by the
MYONET  registry definitions  (Supplementary
Table S1)."* Sex was self-reported by study partici-
pants. Myopathic muscle weakness was defined as
objective subacute symmetric muscle weakness, prox-
imal more than distal, sparing the eye and facial
muscles. ILD was considered present if described on a
chest radiograph or computed tomography with
abnormal pulmonary function testing. DM rashes
included the presence of heliotrope rash and Gottron’s
papules or signs. The treating physician assessed the
presence of ulceration, calcinosis, Raynaud’s phe-
nomenon, and arthritis. Dysphagia was defined as
difficulty in swallowing or objective evidence of
abnormal esophagus motility.

Autoantibody testing

Autoantibodies against Jol, PL12, PL7, OJ, EJ, Mi2,
MDAS, NXP2, TIFly, SAE1, SRP, PM/Scl, Ro52, and
U1RNP were analysed in each centre using one or more
of 1) immunoprecipitation, 2) Euroline myositis panel 3
or 4 by Euroimmun, Liibeck, Germany, and/or 3)
enzyme-linked immunosorbent assays. If more than
one method was available per patient and results were
discordant, the screening time point closer to diagnosis
was kept giving precedence to immunoprecipitation if
available.” See Supplementary Table S2 for detailed
methods used by the different recruiting centres.

HLA alleles and amino acid determination

HILA-DRBI1, HLA-DQAI, and HLA-DQBI alleles were
directly genotyped by sequence-specific primer PCR
assay, microarray, or multiplex assay, using the genomic
DNA (Supplementary Table S2). To explore association
signals from HLA class I (HLA-B, -C and -A) and the
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autoantibody-defined subgroups, we imputed amino
acids from genotyping information available from the
Dissect Consortium (Supplementary Information 1) for
the UK and Scandinavia (i.e., Sweden, Denmark, and
Norway) patients. Since this represents a smaller sample
size, we tested only for amino acids (Supplementary
Information 2), which encompasses the genetic varia-
tion of both HLA class II and I while reducing the
multiple comparison burden.

Statistical analysis

Descriptive statistics were used to summarize the
baseline characteristics of the study population. An
unsupervised cluster analysis included patients with at
least one positive autoantibody. Patients negative for all
the included autoantibodies were considered a distinct
subgroup. Autoantibody-based subgroups were created
using the Gower distance matrix and partition around
medoids cluster calculation.'* Each cluster was labelled
using a medoid representing the individual in the sub-
group that yielded the lowest average distance. The
number of subgroups was selected considering the
Silhouette metric (Supplementary Figure S1), and the
sample size per subgroup. Kruskal-Wallis test was used
to compare the median age between the subgroups.
Logistic regression adjusted for age and sex was used to
estimate the p-value, odds ratios (OR), and 95% confi-
dence intervals (CI) of having specific clinical manifes-
tations, HLA-DRB1, HLA-DQA1, HLA-DQBI alleles,
and imputed amino acids frequencies depending on the
subgroup assigned. In the logistic regression for the
clinical associations, the outcome was having or not a
given clinical feature, while the independent variable
was either being in one of the individual subgroups
(e.g., subgroup 1) versus being in the rest of the cohort.
These models were adjusted for sex, age as a quadratic
term, and recruiting centre. For the HLA associations,
the dependent variable was the subgroup assignment,
and the independent variable was the different HLA
genetic variants controlled by sex and age. The models
for the genetic associations were applied separately by
regions and subsequently meta-analysed. The Cochran-
Mantel-Haenszel test was used to calculate the OR
(95% CI) for the meta-analyses and heterogeneity
calculated using Cochran’s Q test and Higgins’ test (I?).
Given the low heterogeneity across regions, the pooled
ORs were estimated using fixed-effect models. The ge-
netic association p-values were adjusted by the Benja-
mini & Yekutieli step-up method for false discovery rate
(FDR).” We considered significant results at a 5% FDR.
Geographical regions were divided into the UK, Scan-
dinavia (Sweden, Denmark, and Norway), and the Czech
Republic. To determine whether the HLA association
signals were independent, we performed logistic
regression conditioning by the highest associated vari-
ants, including sex, age, and population as covariates.
The genetic association analyses were performed using
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PLINK (version 1.9)." All other statistical analyses were
performed using R versions 3.6.1 and 4.1.1" (details in
Supplementary Information 3).

Ethics

Use of data from each clinical registry received ethical
approval from the relevant local ethical committees
(Czech Republic: 3233/2007, Denmark: S-20100022,
Norway: 2011/17,553, 2010/2970, 2016/119, UK, 98/8/
086, Sweden: Dnr 2023-00244-02, 2012/736-32, 2015/
450) and all patients gave informed consent to partici-
pate in this study. The ethical approvals were all in
agreement with the Helsinki declaration for clinical
studies.

Role of funders

None of the funding sources were involved in the study
design, data collection, data analyses, interpretation, or
writing the manuscript.

Results

Complete autoantibody profiles were available for 1348
[IM patients. The median [IQR] age at diagnosis was 55
[42-65], and 65% were female (Table 1). The median age
at diagnosis was significantly different between the
groups (p < 0.001, Kruskal-Wallis) subgroup 5 having
the youngest age at diagnosis (48 [95% CI 35-58]) and
subgroup 8 the oldest (58 [95% CI 46-68]). When
stratified by individual centre, 54% were from the UK,
31% from Scandinavia and 16% from the Czech Re-
public. The different centres had similar distributions of
[IM subsets except for an increase in the prevalence of
DM in the Czech Republic and PM in Denmark. Few
overlap myositis and IBM cases were reported in the
Czech Republic, Denmark, and Norway (Supplementary
Table S3). The UK cohort had the highest number of
patients negative for all autoantibodies analysed (58%),
followed by Denmark (47%), Sweden (36%), the Czech
Republic (30%), and Norway (26%). Regarding the total
cohort, 519 patients (39%) were negative for all auto-
antibodies analysed, leaving 829 (61%) patients for in-
clusion in the cluster analysis.

Overall genetic and clinical associations with
serologically defined 1IM subgroups

In addition to the subgroup of patients negative for all
autoantibodies analysed, we selected seven autoantibody-
defined subgroups (Table 1, Supplementary Figure S1).
Three subgroups (1, 2 and 6) were heterogeneous ac-
cording to their serological profiles, while the other
subgroups were mainly defined by the presence of one
specific autoantibody (Table 1). Significant and differen-
tial associations between the serologically defined sub-
groups and HLA variants were seen for almost all the
subgroups compared to the rest of the cohort (Figs. 1-3
and Supplementary Tables S4 and S5). The genetic

associations stratified by regions (i.e., UK, Scandinavia,
and the Czech Republic) were generally in the same di-
rection, implying low inconsistency and variation (Q and
I” tests, Supplementary Table S4).

The description of each serologically defined sub-
group is presented in Table 1. Fig. 1 summarizes the
overall genetic associations for the serologically defined
subgroups in relation to clinical subsets. The DM, PM,
and OM clinical subsets were dispersed in several
subgroups, while anti-synthetase syndrome, IBM, and
IMNM grouped more homogeneously. Notably, there
was a higher concordance between the serologically
defined subgroups and clinical subsets partially
defined by serology, such as the anti-synthetase syn-
drome, compared to clinically and histopathologically
defined subsets, such as DM, PM, and OM. Table 2
presents the clinical feature associations for each
subgroup.

Genetic and clinical associations by serologically
defined IIM subgroups

Subgroup 1: anti-Ro52-dominated

Subgroup 1 was among the most heterogeneous ac-
cording to its serological profile, with the presence of
11 of the 14 autoantibodies analysed and dominated by
anti-Ro52. DM, PM, OM, and IBM were the most
frequent clinical subsets, and no significant difference
in clinical manifestations were observed between
subgroup 1 and the rest of the patients. Although
initial significant genetic associations were observed
with the HLA-DRB1*03 and HLA-DRBI1*15 alleles,
these disappeared after multiple correction testing
(Supplementary Table S4).

Subgroup 2: anti-U1RNP-dominated

This subgroup, with 43% anti-UIRNP, was also hetero-
geneous concerning the serological profile, with the
presence of 13 out of 14 autoantibodies analysed. DM,
OM, PM, and anti-synthetase syndrome were the most
frequent clinical subsets. No significant differences
regarding clinical manifestations were observed when
this group was compared with all others. HLA-DRB1*04,
HIA-DRBI1*11, HLA-DRBI*15, HLA-DQAI*03, and
HLA-DQB1*03 alleles were overrepresented in this sub-
group, while no signal was detected for class I amino
acids after correction for multiple comparisons. The
conditional analyses showed that the HLA-DRBI1*15 as-
sociation was independent of the HLA-DRB1*04, HLA-
DRBI*11, HLA-DQA1*03, and HLA-DQBI*03 signals
(Supplementary Table S5).

Subgroup 3: anti-PM/Scl-dominated

This subgroup was dominated by patients positive for
anti-PM/Scl, mostly DM, OM and PM patients. Signifi-
cant associations were seen with class II alleles (HLA-
DRBI1%03, HLA-DQA1%05 and HLA-DQBI*02) and
correspondingly with amino acids in HLA class II but not

www.thelancet.com Vol 96 October, 2023
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Medoid Subgroups All

1 2 3 4 5 6 7 8

Anti-Ro52 Anti-U1RNP Anti-PM/Scl Anti-Mi2 Anti-Jol Anti-Jo1/Ro52 Anti-TIF1y None®
n (%) 137 (10) 183 (14) 107 (8) 65 (5) 119 (9) 140 (10) 78 (6) 519 (39) 1348 (100)
Female, n (%) 93 (68) 116 (63) 79 (74) 45 (69) 76 (64) 96 (69) 64 (82) 313 (60) 882 (65)
Age at diagnosis, median [IQR] 56 [48-64] 52 [39-62] 51 [38-63] 57 [47-69] 48 [35-58] 52 [40-60] 54 [43-65] 58 [46-68] 55 [42-65]
Center, n (%)
UK 56 (41) 113 (62) 60 (56) 37 (57) 64 (54) 58 (41) 34 (44) 302 (58) 724 (54)
Sweden 34 (25) 45 (25) 22 (21) 7(11) 28 (24) 26 (19) 27 (35) 107 (21) 296 (22)
Czech Republic 28 (20) 13 (7) 19 (18) 17 (26) 19 (16) 36 (26) 16 (21) 62 (12) 210 (16)
Denmark 13 (10) 6 (3) 4 (4) 0 6 (5) 15 (11) 0 39 (8) 83 (6)
Norway 6 (4) 6(3) 2(2) 4 (6) 2(2) 5(4) 1(1) 9(2) 35(3)
Clinical features, n (%)
Weakness 120 (88) 170 (93) 90 (84) 59 (91) 108 (91) 130 (93) 70 (90) 480 (93) 1227 (91)
ILD 50 (37) 48 (26) 44 (41) 7 (11) 84 (71) 109 (78) 7(9) 58 (11) 407 (30)
Mechanic's hands 23 (17) 20 (11) 46 (43) 14 (22) 32 (27) 52 (37) 17 (22) 27 (5) 231 (17)
Gottron’s 31 (23) 57 (31) 44 (41) 43 (66) 27 (23) 27 (19) 63 (81) 89 (17) 381 (28)
Heliotrope 37 (27) 57 (31) 33 (31) 42 (65) 22 (19) 12 (9) 59 (76) 86 (17) 348 (26)
Ulceration 10 (7) 11 (6) 2(2) 4 (5) 1(1) 2(1) 7(9) 4 (1) 40 3)
Calcinosis 6 (4) 7 (4) 8 (8) 0 0 3(2) 6 (8) 12 (2) 42 (3)
Raynaud 37 (27) 74 (40) 51 (48) 14 (22) 37 (31) 53 (38) 10 (13) 82 (16) 358 (27)
Arthritis 33 (24) 60 (33) 29 (27) 14 (22) 65 (55) 83 (59) 10 (13) 101 (20) 395 (29)
Dysphagia 58 (42) 78 (43) 52 (49) 31 (48) 26 (22) 39 (28) 41 (53) 191 (37) 516 (38)
Autoantibody, n (%)
Anti-Jol 0 6 (3) 0 1(2) 119 (100) 140 (100) 0 0 266 (20)
Anti-PL7 7 (5) 13 (7) 0 0 0 0 0 0 20 (2)
Anti-PL12 5 (4) 3(Q2) 1(1) 0 1(1) 0 0 0 10 (1)
Anti-E) 2(2) 0 0 0 0 0 0 0 2 (1)
Anti-0) 0 7 (4) 0 0 0 0 0 0 7 (1)
Anti-TIF1y 10 (7) 2(1) 2(2) 0 0 0 78 (100) 0 92 (7)
Anti-Mi2 1(1) 1(1) 1(1) 65 (100) 0 2 (1) 0 0 70 (5)
Anti-SAE1 8 (6) 23 (13) 0 0 0 0 0 0 31(2)
Anti-NXP2 1(1) 23 (13) 1(1) 0 0 0 0 0 25 (2)
Anti-MDAS 9 (7) 10 (6) 1(1) 1(2) 0 1(1) 0 0 22 (2)
Anti-SRP 8 (6) 32 (18) 0 0 0 0 0 0 40 (3)
Anti-Ro52 137 (100) 16 (9) 0 0 0 140 (100) 0 0 293 (22)
Anti-PMSc 11 (8) 1(1) 107 (100) 0 0 0 0 0 119 (9)
Anti-UIRNP 0 79 (43) 0 0 0 3(2) 0 0 82 (6)
IIM subsets, n (%)
DM 40 (29) 59 (32) 38 (36) 61 (94) 0 0 71 (92) 114 (22) 383 (28)
PM 32 (23) 31 (17) 22 (21) 1(2) 0 0 2 (3) 181 (35) 269 (20)
ASyS 17 (12) 26 (14) 5 (5) 0 118 (99) 140 (100) 1(1) 10 (2) 317 (24)
oM 24 (18) 49 (27) 35 (33) 1(2) 0 0 2(3) 52 (10) 163 (12)
IBM 19 (14) 2(1) 4(4) 1(2) 0 0 1(1) 119 (23) 146 (11)
IMNM 3(2) 12 (7) 0 0 1(1) 0 0 34 (7) 50 (4)
JDM 1(1) 2 (1) 3(3) 1(2) 0 0 1(1) 8 (2) 16 (1)
Unspecific 1(1) 2 (1) 0 0 0 0 0 1 (0) 4 (0)

Legend: ILD, interstitial lung disease; DM, dermatomyositis; PM, polymyositis; ASyS, anti-synthetase syndrome; OM, overlap myositis; IBM, inclusion body myositis; IMNM, Immune-mediated necrotising
myositis; JDM, juvenile dermatomyositis. *None of the autoantibodies screened for in this study.

Table 1: Cohort characteristics stratified by subgroups.

in HIA class I molecules. These associations with HLA
class II alleles were not independent of each other
(Supplementary Table S6) and pointed toward the
involvement of the ancestral haplotype 8.1

www.thelancet.com Vol 96 October, 2023

(see

Supplementary Information 3). The most significant and
strong amino acid associations in terms of OR were with
alanine (A) at position —10 of HLA-DQB1 and lysine (K)
at position 71 of HLA-DRB1 (Supplementary Table S5).
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Subgroups HLA
100

1-anti-Ro52 (10%) No significant associations

2-anti-UTRNP HLA-DQA1*03, HLA-DQB1*03, HLA-DRB1°04,
(14%) HLA-DRB1*11, HLA-DRB1*15, HLA-DRB1:pos13:SYF
75 HLA-DQA1*05, HLA-DQB1*02, HLA-DRB1"03,

3-anti-PMScl (8%) HLA-DQB1:pos-10:A, HLA-DRB1:p0s26:F,

HLA-DRB1:pos37:NL, HLADRB1:pos71:K

HLA-DQA1°02, HLA-DRB1°07, HLA-DRB1*16, HLA-Ap0s74:H, HLA-DRB1 posT3HY,
HU LA HL

4-anti-Mi2 (5%)

" HLA-DRB1"03,
-anti- o ,
S-anti-Jo1 (9%) HLA-B:pos9:D, HLA-DRB1:pos74:R

. HLA-DQA1°05, HLA-DQB1°02, HLA-DRB1"03,
6-anti-Jo1/Ro52 HLA-B:pos156:D, HLA-B:pos97:SW, HLA-B:pos9:D,
(10%) HLA-DQB1:pos-10:S, HLA-DRB1:pos37:N, HLA-DRB1:pos74:R

I3
=}

HLA-DOAT02, HLA-DQB1°05, HLA-DRB1°01, HLA-DRB107,
HLA-A‘posO:F, HLA-DQB1:pos135:G, HLA-DQB1:p0s74:S, HLA-DRBI:pos11:GL,
HLA-DRB1:p0s30.CH, HLA-DRB1:pos71:R, HLA-DRB1:pos74:QL, HLA-DRB1:p0596 HQ

7-anti-TIF1y (6%)

% individuals

25

HLA-DQA1°01, HLA-DQB1*06, HLA-DRB1*13,

8-none (39%) HLA-B:pos114:DK, HLA-B:posd5:E, HLA-B:pos95:|

0

Clinical subsets

ASYS

= -
DM

N
R\
\\“\\ 1BM
\\ IMNM
oM
N

Fig. 1: IIM subgroups based on autoantibody profiles, HLA significant associations, and their correspondence to the clinical/pathological
subsets. Distribution of the subgroups defined by autoantibody profiles, their HLA associated alleles, amino acids, and clinical/pathological
subsets. Clinical/pathological subsets were defined using the EULAR/ACR classification criteria," the Connors et al.”” definition for ASyS and the
presence of another connective tissue disease for OM. In the representation of the HLA amino acids, the first term is the protein, the second is
the position, and the third is the amino acid. Only the positive HLA associations are shown. ASyS, anti-synthetase syndrome; IBM, inclusion
body myositis; JDM, juvenile dermatomyositis; PM, polymyositis; DM, dermatomyositis; IMNM, Immune-mediated necrotising myositis; OM,
overlap myositis. The unspecific clinical subset (UNS) was not included in this figure, given the very low number of patients (n = 4). The JDM

subset is included in the DM clinical subset.

Subgroup 4: anti-Mi2-dominated

This subgroup, with all patients positive for anti-Mi2,
was mostly comprised of patients with DM. HLA-
DRB1*07 and HLA-DQAI1*02 alleles were more
common in this subgroup than in other subgroups.
These associations were strong in terms of OR (95%
Cl) with 8.8 (5-15.7) for HLA-DRBI*07 and 7.0
(3.5-14) for HLA-DQA1*02. Glutamine (Q) at position
74 of HLA-DRB1, encoded by the HLA-DRB1*07:01
allele, was positively associated with this subgroup and
an association with HLA-A, with histidine (H) at po-
sition 74, was detected (Fig. 3, Supplementary
Tables S4 and S5).

Subgroup 5: anti-jo1-dominated

In this subgroup, all patients were positive for anti-Jo1,
and they had the lowest median [IQR] age at diagnosis at
48 years [35-58] (Table 1). Clinically, most patients in
this subgroup fulfilled the criteria for anti-synthetase
syndrome. Nevertheless, no significant differences in
clinical manifestations were observed between sub-
group 5 and the rest of the patients. HLA-DRB1*03 was
positively associated with this subgroup, as well as
arginine (R) at position 74 of HLA-DRB1 and aspartic
acid (D) at position 9 of HLA-B (Figs. 2 and 3,
Supplementary Tables S4 and S5).

Subgroup 6: anti-jo1/Ro52-dominated

All the patients in this subgroup were positive for anti-
Jol and anti-Ro52. Clinically, they all were classified as
anti-synthetase syndrome with a significantly higher
presence of Raynaud phenomenon compared to the
other subgroups (Tables 1 and 2). HLA-DRB1*03, HLA-
DQA1*05, HLA-DQB1%02 alleles, arginine (R) at posi-
tion 74 of HLA-DRBI, and aspartic acid (D) at position 9
of HLA-B were positively associated with this subgroup
(Figs. 2 and 3, Supplementary Tables S4 and S5). As
shown by conditional analyses, these associations were
not independent of each other and corresponded to the
ancestral haplotype 8.1 (Supplementary Information 3,
Supplementary Table S6). Nevertheless, other positive
associations with specific amino acids in the peptide-
binding groove of HLA-B and HLA-C were observed,
such as serine (S) or tryptophan (W) at position 97 of
HLA-B (Fig. 3, Supplementary Table S5) suggesting an
extended and complex genetic association pattern for
this subgroup.

Subgroup 7: anti-TIF1y-dominated

All patients in this subgroup were positive for anti-TIF1y
and were mainly classified clinically as DM. Positive
associations were observed with HILA class II and
alleles, including HLA-DRBI1*07, HLA-DRBI*01,
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Fig. 2: Significant associations of HLA-DQA1, HLA-DQB1, and HLA-DRB1 alleles with autoantibody-defined subgroups. Significant results
from the meta-analyses of the different geographical regions (Czech Republic, Scandinavia, UK). Each subgroup was compared to the rest of the
cohort. OR, odds ratio; Cl, confidence interval; FDR, false discovery rate.

HLA-DQA1*02, HLA-DQB1*05 alleles and with arginine
(R) at position 71 of HLA-DRB1, threonine (T) at position
80 of HILA-B and phenylalanine (F) at position 9 of
HLA-A (Figs. 2 and 3, Supplementary Tables S4 and S5).

Subgroup 8: negative for analysed autoantibodies

Patients in this subgroup were negative for all analysed
autoantibodies and had the highest median [IQR] age at
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diagnosis with 58 years [46—68] (Table 1). This subgroup
had lower odds of developing DM rashes and Raynaud’s
phenomenon as compared with patients from all other
subgroups. HLA-DRBI1*13, HLA-DQA1*01, HLA-
DQB1*06 alleles and presence of isoleucine (I) at posi-
tion 95 and glutamic acid (E) at position 45 of HLA-B
were positively associated with this subgroup (Figs. 2
and 3, Supplementary Tables S4 and S5).
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Fig. 3: Significant associations of HLA amino acids with autoantibody-defined IIM subgroups. Manhattan-plot of the meta-analyses of UK
and Scandinavia from the imputed amino acids. (a and b) Subgroups in columns and genes in rows. Some amino acids with a FDR<0.01 are

labelled, and the red line indicates the significance threshold of 5% FDR (a: Class II; b: Class I). A, alanine; C, cysteine; D, aspartic acid; E,
acid; F, phenylalanine; G, glycine; H, histidine; I, isoleucine; K, lysine; L, leucine; M, methionine; N, asparagine; P, proline; Q, glutamine;
T, threonine; R, arginine; V, valine; W, tryptophan; Y, tyrosine; OR, odds ratio.

Discussion

In this study, we aimed first to construct serologically
defined subsets of IIM and then explore the associa-
tions of these subsets with genetic variations in the
HIA region and clinical phenotypes, respectively. A
general starting point of our analysis was that genetics,
particularly HLA-based genetics, provide the most
objective information on molecular mechanisms of
pathogenic importance in different subsets of

serologically defined subgroups concerning d

distinct pathogenetic ~mechanisms better

glutamic
S, serine;

immune-mediated disease. Comparing subsets based
on clinical and histopathological features to these

ifferent

HLA variants might tell us which subgrouping method
may best reflect the contribution of different patho-
genic mechanisms. The results obtained using this
analytic approach suggest that subgrouping IIM based
on autoantibody profiles and HLA variants may reflect

than
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1 Anti-Ro52
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1.0

0.7

0.6
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0.8

0.7
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Mechanic’s hand
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Raynaud
Arthritis
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0.9
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0.28 0.8

0.3-1.5]

0.7

0.87

0.9
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Legend: ILD, interstitial lung disease. All models are adjusted for sex, age at diagnosis as a quadratic term and recruiting center. *None of the autoantibodies analysed for in this study.

Table 2: Associations between clinical manifestations and subgroups.
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subgrouping based on traditional clinical/histopatho-
logical classifications (Fig. 1).

Our results provide a more comprehensive analysis
of serologically defined subgrouping of IIM based on a
large number of included patients, the autoantibody
specificities analysed, and the methodological approach
used than previously studied. Different autoantibody
screening methods were allowed to maximize the cohort
size available for serologic analysis, which may have
resulted in over- or underrepresentation of certain au-
toantibodies depending on the techniques used.*
Moreover, even if autoantibody screening at diagnosis
was preferred, screening at any point in the disease
course was accepted, which may have reduced the
detection of certain autoantibodies due to treatment or
fluctuations with disease activity.”’* We are also aware
that the subgroup negative for all analysed autoanti-
bodies may contain patients positive for new MSA, such
as anti-FHLI1, or autoantibodies that were either not
analysed or removed from the analysis due to substan-
tial missing data (e.g., anti-HMGCR, -Ku, -cN1A).*
Moreover, ethnic background was available for only
28% of the patients included, so ancestry could not be
adjusted for in the different models. Despite the po-
tential misclassification resulting from our autoantibody
assessment strategy and possible presence of unmea-
sured confounders, this study allowed us to use unsu-
pervised clustering to define IIM subgroups based on
serological profiles, evaluate HLA associations, and
contrast traditional clinical and histopathological
classification.

Concerning genetic associations, most of the sero-
logically defined subgroups showed associations with
one or more HLA genetic variants. Notably, we observed
several associations between the serologically defined
subgroups and HLA class I amino acids. For example,
the subgroup dominated by anti-Jo1/Ro52 showed sig-
nals from HLA-C and HLA-B amino acids, two of which
were not found in the subgroup dominated by anti-Jo1
only, suggesting that besides the ancestral haplotype
8.1, other HLA haplotypes could be genetic contributors
in subgroup 6. We observed that the HLA-DRB1*07
allele is associated with the subgroup dominated by anti-
TIF1y, observation that has not been reported before.
Similarly, we found three signals from HLA-B amino
acids and the association with HLA-DRB1*13, HLA-
DRB1*01 alleles in the subgroup negative for all ana-
lysed autoantibodies. These findings support the
concept that unanalysed or unknown autoantibodies
may be present in patients of subgroup 8.

Our study adds a different perspective by addressing
autoantibody profiles instead of single specificities
highlighting the importance of MAA in the presence or
absence of MSA. Previous work has shown that HLA
alleles are associated with several individual MSA/MAA
in patients with IIM.”"® For example, in subgroup 2,
dominated by anti-U1RNP, an association was seen with
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HLA-DRBI1*15 and HLA-DRB1*11 alleles. This finding
is in agreement with results from a Polish mixed-
connective tissue disease cohort where the presence of
anti-UIRNP antibodies associated with HLA-DRBI*15
allele (OR (95% CI) 6.1 (4.6-8.1)).* Moreover, sub-
groups dominated by anti-Ro52 (i.e., subgroups 1 and 6)
showed an association with the HLA-DRB1*03 allele in
our study, similar to associations found in specific
subgroups dominated by anit-Ro60/52 in Sjdégren syn-
drome? and systemic lupus erythematosus.” Other ge-
netic variants in the HLA loci may be associated with the
subgroups defined by autoantibodies. For example, low
copy numbers of complement C4 and low C4 protein
levels were related to the presence of anti-Ro/La,
anti-Jol, and anti-PM/Scl in IIM.** Since these C4
associations are not completely independent from the
association with HLA-DRB1*03, both types of genetic
variations may contribute independently and interac-
tively to the autoantibody-defined IIM subgroups.

Our results reinforce the idea that rheumatic dis-
eases share similar genetic risk factors (i.e., HLA) which
predispose to certain autoantibody specificities and that
there is a reciprocal relationship between specific ge-
netic HLA variations and the presence of particular
autoantibodies.”*’

Although a significant number of patients were
included in this study, we might still lack statistical
power to detect some significant associations. As a

result, large OR estimates and CI limits for some of the
smaller subgroups could be explained by a sparse data
bias (i.e., lack of adequate case numbers for some
combination of risk factor and outcome levels).”* In
addition, we chose to use two-digit HLA allele resolution
and screen imputed amino acids to reduce the multiple
correction burden. Still, four-digit HLA resolution
might reveal differences not seen in using two-digit
resolution. Such discrepancies have previously been
shown in studies comparing adult and juvenile-onset
IIM patients."

Understanding what triggers the HLA-linked pro-
duction of autoantibodies, the break of self-tolerance in
autoimmune diseases, and how these may contribute to
disease development and phenotypes is challenging.
Our results suggest that distinct pathophysiological
pathways may be underlying the production of several
autoantibodies in the same individual (e.g., anti-Jol and
anti-Ro52). The mechanisms behind the co-occurrence
of autoantibodies in the IIM subgroups described
herein may result from the exposure of several cryptic
antigens after cell apoptosis in inflamed and damaged
tissue, such as muscle, skin, or lung, leading to a
concerted loss of peripheral tolerance and presence of
autoreactive T-cells®'**—for an illustration of the concept,
see Fig. 4.

Our findings indicate that we need to systematically
include MAAs in autoantibody profiling in the clinic.
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The fact that worst outcomes were previously described
in anti-Jol patients with anti-Ro52 while we report dif-
ferential genetic associations for HLA class I between
isolated anti-Jol and anti-Jo1/Ro52 is an argument for
broader systematic autoantibody screening.” The com-
bination of antibody profiles with clinical features im-
proves clinical phenotyping. This is clearly depicted in
our study by the lack of differentiating clinical features
between our autoantibody-defined subgroups, which is
not surprising as IIM individuals often share similar
clinical manifestations (e.g., ILD). Moreover, our data
did not allow for severity or longitudinal assessment of
those clinical features that might have helped identify
differences between these subgroups regarding clinical
outcomes. Some findings in muscle tissue of clinically
defined subgroups are not distinct and can overlap while
some histopathological features are strongly associated
with certain MSA (e.g., anti-Jol, -TIFly).”** In that
context, it could have been interesting to explore asso-
ciations between muscle histopathology features and
autoantibody-defined subgroups, however no histo-
pathological data was collected in this study to allow
such analysis. Nonetheless, results from our study
suggest that future classification of IIM should include
serological profiles, which could contribute to earlier
diagnosis, as evidenced by older age at diagnosis of
autoantibody negative cases, as well as better reflect
pathogenetic mechanisms than the traditional sub-
divisions based mainly on clinical and histopathological
features, although this needs to be further studied.
Disease classification is a fundamental component of
clinical and translational research and can be the key to
discovering targeted therapies that could improve the
outcomes for IIM patients. Thus, it is important
that more autoantibodies are included in future classi-
fication criteria as they are linked to distinct genetic
susceptibility.

Conclusion

Autoantibody-defined subgroups of IIM have more
robust and consistent HLA class II and I associations
than subgroups based mainly on clinico-pathological
features. In this large IIM cohort, associations be-
tween autoantibody-defined subgroups considering
multiple specificities and HLA class II and class I were
described. Our results support systematic screening of
MAA/MSAs in the clinic and an autoantibody-based
IIM classification that would contribute to understand-
ing risk factors and pathogenic mechanisms in IIM.
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