Journal Articles
2019

Focused HLA analysis in Caucasians with myositis identifies
significant associations with autoantibody subgroups.
S. Rothwell
H. Chinoy
J. A. Lamb
F. W. Miller
L. G. Rider

See next page for additional authors

Follow this and additional works at: https://academicworks.medicine.hofstra.edu/articles
Part of the Medical Molecular Biology Commons

Recommended Citation
Rothwell S, Chinoy H, Lamb JA, Miller FW, Rider LG, Wedderburn LR, McHugh NJ, Lee AT, Gregersen P,
Lundberg IE, . Focused HLA analysis in Caucasians with myositis identifies significant associations with
autoantibody subgroups.. . 2019 Jan 01; 78(7):Article 5306 [1002 p.]. Available from:
https://academicworks.medicine.hofstra.edu/articles/5306. Free full text article.

This Article is brought to you for free and open access by Donald and Barbara Zucker School of Medicine Academic
Works. It has been accepted for inclusion in Journal Articles by an authorized administrator of Donald and Barbara
Zucker School of Medicine Academic Works. For more information, please contact academicworks@hofstra.edu.

Authors
S. Rothwell, H. Chinoy, J. A. Lamb, F. W. Miller, L. G. Rider, L. R. Wedderburn, N. J. McHugh, A. T. Lee, P. K.
Gregersen, I. E. Lundberg, and +23 additional authors

This article is available at Donald and Barbara Zucker School of Medicine Academic Works:
https://academicworks.medicine.hofstra.edu/articles/5306

Myositis

Translational science

Focused HLA analysis in Caucasians with myositis
identifies significant associations with
autoantibody subgroups
Simon Rothwell,  1 Hector Chinoy,  2,3 Janine A Lamb,4 Frederick W Miller,5
Lisa G Rider,5 Lucy R Wedderburn,6,7 Neil J McHugh,  8 Andrew L Mammen,  9,10
Zoe E Betteridge,8 Sarah L Tansley,8,11 John Bowes,  12 Jiří Vencovský,13
Claire T Deakin,6,7 Katalin Dankó,14 Limaye Vidya,15 Albert Selva-O’Callaghan,16
Lauren M Pachman,17 Ann M Reed,18 Øyvind Molberg,19 Olivier Benveniste,20
Pernille R Mathiesen,21 Timothy R D J Radstake,22 Andrea Doria,  23 Jan de Bleecker,24
Annette T Lee,25 Michael G Hanna,26 Pedro M Machado,27,28 William E Ollier,4,29
Peter K Gregersen,30 Leonid Padyukov,31 Terrance P O’Hanlon,5 Robert G Cooper,32
Ingrid E Lundberg,31 on behalf of Myositis Genetics Consortium (MYOGEN)
Handling editor Josef S
Smolen
►► Additional material is
published online only. To view
please visit the journal online
(http://dx.doi.org/10.1136/
annrheumdis-2019-215046)

For numbered affiliations see
end of article.
Correspondence to
Simon Rothwell, Centre for
Genetics and Genomics, Arthritis
Research UK, University of
Manchester, Manchester M13
9PL, UK;
s.rothwell@manchester.ac.uk
Received 9 January 2019
Revised 14 March 2019
Accepted 30 March 2019
Published Online First
28 May 2019

© Author(s) (or their
employer(s)) 2019. Re-use
permitted under CC BY-NC. No
commercial re-use. See rights
and permissions. Published
by BMJ.
To cite: Rothwell S,
Chinoy H, Lamb JA,
et al. Ann Rheum Dis
2019;78:996–1002.
996  

Abstract
Objectives Idiopathic inflammatory myopathies
(IIM) are a spectrum of rare autoimmune diseases
characterised clinically by muscle weakness and
heterogeneous systemic organ involvement.
The strongest genetic risk is within the major
histocompatibility complex (MHC). Since autoantibody
presence defines specific clinical subgroups of IIM, we
aimed to correlate serotype and genotype, to identify
novel risk variants in the MHC region that co-occur with
IIM autoantibodies.
Methods We collected available autoantibody data in
our cohort of 2582 Caucasian patients with IIM. High
resolution human leucocyte antigen (HLA) alleles and
corresponding amino acid sequences were imputed using
SNP2HLA from existing genotyping data and tested for
association with 12 autoantibody subgroups.
Results We report associations with eight
autoantibodies reaching our study-wide significance
level of p<2.9×10–5. Associations with the 8.1 ancestral
haplotype were found with anti-Jo-1 (HLA-B*08:01,
p=2.28×10–53 and HLA-DRB1*03:01, p=3.25×10–9),
anti-PM/Scl (HLA-DQB1*02:01, p=1.47×10–26) and anticN1A autoantibodies (HLA-DRB1*03:01, p=1.40×10–11).
Associations independent of this haplotype were found
with anti-Mi-2 (HLA-DRB1*07:01, p=4.92×10–13)
and anti-HMGCR autoantibodies (HLA-DRB1*11,
p=5.09×10–6). Amino acid positions may be more
strongly associated than classical HLA associations; for
example with anti-Jo-1 autoantibodies and position 74
of HLA-DRB1 (p=3.47×10–64) and position 9 of HLA-B
(p=7.03×10–11). We report novel genetic associations
with HLA-DQB1 anti-TIF1 autoantibodies and identify
haplotypes that may differ between adult-onset and
juvenile-onset patients with these autoantibodies.
Conclusions These findings provide new insights
regarding the functional consequences of genetic
polymorphisms within the MHC. As autoantibodies in
IIM correlate with specific clinical features of disease,
understanding genetic risk underlying development of
autoantibody profiles has implications for future research.

Key messages
What is already known about this subject?

►► The strongest genetic risk among patients

with idiopathic inflammatory myopathies (IIM)
is thought to be within the human leucocyte
antigen (HLA) region in autoantibody defined
subgroups.

What does this study add?

►► This study shows for the first time genetic

differences between adult-onset and juvenileonset patients with anti-TIF1 autoantibodies.
►► Amino acid imputation identifies novel
associations with autoantibodies that are
stronger than classical HLA associations,
indicating key positions within HLA molecules
that may confer risk.
How might this impact on clinical practice or
future developments?
►► Differing associations in adult and juvenile
onset disease with the same autoantibody
suggests distinct aetiologies and disease
mechanisms.
►► As autoantibodies in myositis correlate
with specific clinical features of disease,
understanding genetic risk underlying
development of certain autoantibody profiles
will have implications for future research in IIM.

Introduction

The idiopathic inflammatory myopathies (IIM) are
a spectrum of rare autoimmune diseases characterised clinically by muscle weakness and systemic
organ involvement. Clinically, IIM are heterogeneous and may be subclassified as dermatomyositis
(DM), inclusion body myositis (IBM), immune-mediated necrotising myopathy, polymyositis (PM)
and antisynthetase syndrome.1 2
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Myositis
Myositis autoantibodies can be detected in approximately
60%–70% of children and adults with IIM.3 4 Autoantibodies
unique to IIM are known as myositis-specific autoantibodies
(MSA), with patients rarely possessing more than one MSA.5
Autoantibodies that present in patients with myositis in association with another connective tissue disease are known as myositis-associated autoantibodies (MAA).
Clinical classification of IIM can lead to heterogeneous
subgroups, however, some MSA positive subgroups have specific
clinical features and may respond differently to treatment.
Therefore, autoantibody status may be a more meaningful way
to characterise patients to understand pathogenesis and predict
prognosis.3 For example, patients with anti-histidyl–tRNA-synthetase (anti-Jo-1) commonly present with myositis, Raynaud’s
phenomenon, polyarthritis and a high frequency of interstitial
lung disease.6 Patients with autoantibodies directed against antiMi-2 present with hallmark cutaneous manifestations of DM,
generally milder myositis and a favourable response to immunosuppressive treatment.7
IIM are thought to be complex genetic diseases, initiated by
immune activation following specific environmental events in
genetically predisposed individuals. The major histocompatibility complex (MHC), also known as the human leucocyte
antigen (HLA) region, has consistently been identified as the
strongest risk factor for IIM and clinical subgroups.8 Studies
have shown that the strongest HLA associations among
patients with IIM are found when stratifying by autoantibody status.9–11 In particular, the strongest risk is with the 8.1
ancestral haplotype (8.1 AH), a common haplotype of extensive linkage disequilibrium (LD) in Caucasian populations that
confers susceptibility to IIM and many other autoimmune or
immune-mediated diseases.12 Associations with alleles independent of the 8.1 AH have also been reported.9 New MSAs
and MAAs have since been discovered, and small studies have
identified potential HLA associations with these autoantibodies,
for example, HLA-DRB1*11:01 in patients with anti-3-hydroxy-3-methylglutaryl-coenzyme A reductase (anti-HMGCR)
autoantibodies in adult-onset disease.13
Here, we aimed to correlate serotype with genotype in patients
with IIM, with sufficient statistical power, to identify novel risk
variants in the MHC region that confer susceptibility to IIM
autoantibodies and to provide a definitive replication cohort for
previously reported associations.

Methods
Study population
Through the Myositis Genetics Consortium (MYOGEN), 2582
Caucasian cases from 14 countries were recruited (online supplementary table 1).8 Written informed consent was obtained from
all patients with approval from research ethics committees of
institutional review boards at each participating centre. Patients
were enrolled in to MYOGEN if they fulfilled Bohan and Peter
criteria for PM and adult and juvenile DM,8 or Griggs, Medical
Research Council (MRC) or European Neuromuscular Centre
(ENMC) criteria for patients with IBM.14 Shared control genotypes were drawn from a pool of 15 651 individuals from 12
countries as described previously.8 Genotypes from an additional
19 UK juvenile-onset patients were included from the Juvenile
Dermatomyositis Cohort Biomarker Study and Repository.
Patients were classified as having juvenile IIM if age of onset
was <16 years old, except in the USA, where 18 years old was
considered the cut-off.

Autoantibody testing

Myositis relevant autoantibodies were detected using immunoprecipitation (IP), line blot or ELISA, as detailed in online
supplementary table 2. Further details are described in online
supplementary method.

Genotyping

Genotyping was performed in accordance with UK-based and
US-based Illumina protocols (Centre for Genetics and Genomics
Arthritis Research UK, University of Manchester; Feinstein
Institute, New York; University College London, London, UK).
Standard quality control (QC) was performed as described
previously.8

HLA imputation

Classical HLA alleles and corresponding amino acid sequences
were imputed using SNP2HLA with reference data collected by
the Type 1 Diabetes Genetics Consortium.15 Cases and controls
were imputed together. Postimputation QC removed variants
with a minor allele frequency <0.01 and variants with an information score <0.8.

Statistical analysis

We employed a case-control study design in each autoantibody subgroup analysis. Controls were matched for ethnicity
using principal components analysis (PCA), due to absence of
geographically matched controls for each IIM cohort. Four
healthy controls for each case were matched for ethnicity using
(PCA) coordinates, using a method described previously.16
Analysis was performed in R (V.3.1.0) on the dosage of variants (genotype probabilities) which takes into account imputation uncertainty. Single-test association was performed for HLA
alleles and omnibus tests for multiallelic sites. For multiallelic
sites, such as amino acids, we identified the most common
residue or allele in the control population to be selected as the
reference. A logistic regression assuming an additive model was
used to test for association, with gender and the top 10 principal
components included as covariates. Forward stepwise logistic
regression was used to test for independent effects conditional on
the variant of interest. ORs ratios were generated with multivariate logistic regression. Significance was defined as p<2.9×10–5
based on a Bonferroni correction of the pre-QC 1700 variants
imputed by SNP2HLA.

Results
Autoantibody frequencies in the study population

Genetic data were available for 2582 patients with IIM, the
majority of whom were tested for at least one autoantibody.
The number of autoantibody positive cases present in the cohort
is shown in table 1, for groups where n>10. Autoantibody
frequencies are as a proportion of those in tested individuals and
do not necessarily represent the prevalence of autoantibodies in
an IIM population.

Strong classical HLA associations are observed in IIM
autoantibody subgroups

Data quality was evaluated after imputation by determining the
concordance between imputed alleles and existing HLA typing
from next generation sequencing technology (HistoGenetics,
New York, USA) for 162 individuals. There was a high level
of concordance across all loci for both 2-digit (96.6%–100%)
and 4-digit (94.8%–100%) alleles (online supplementary table
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Table 1

Number of patients with myositis with myositis-specific or associated autoantibodies
Adult-onset IIM

Juvenile-onset IIM

Total number
positive
(Adult+juvenileonset)

Antibody

Number tested

Number antibody positive

Number tested

Jo-1

1937

325 (16.8%)

447

7 (1.6%)

332

TIF1

1697

91 (5.4%)

356

106 (29.8%)

197

PM/Scl

1883

120 (6.4%)

457

16 (3.5%)

136

Mi-2

1884

87 (4.6%)

456

17 (3.7%)

104

NXP2

1502

28 (1.9%)

360

65 (18.1%)

93

cN1A

232

46 (19.8%)

81

18 (22.2%)

64

SRP

1822

45 (2.5%)

457

0

45

HMGCR

1264

51 (4.0%)

130

1 (0.8%)

52

MDA5

1674

18 (1.1%)

402

17 (4.2%)

35

SAE

1518

31 (2.0%)

397

0

31

PL7

1927

23 (1.2%)

457

0

23

PL12

1927

11 (0.6%)

457

0

11

Number antibody positive

Myositis-specific/associated autoantibodies n>10 in cohort, stratified by adult-onset and juvenile-onset disease. Frequency is of those patients tested for each autoantibody
within the cohort, where testing was not necessarily random.
IIM, idiopathic inflammatory myopathies.

3). After stringent QC removing variants with low frequency
(<0.01) and poor imputation accuracy (r2<0.8), our analysis included 509 classical HLA alleles and amino acids. In
the primary analysis, adult-onset and juvenile-onset cases were
combined and analysed together against matched healthy
controls. Autoantibody associations reaching study-wide significance of p<2.9×10–5 are reported in table 2.
The strongest HLA association was found with anti-Jo-1 autoantibodies and HLA-B*08:01 (p=2.28×10–53, OR=3.37, 95%
CI 2.37 to 4.83). Conditioning on HLA-B*08:01 in a stepwise
logistic regression model revealed an independent association
with HLA-DRB1*03:01 (p=3.25×10–9, OR=3.09, 95% CI
2.08 to 4.30). We analysed antisynthetase autoantibody positive patients as a group (n=381), and the strength of association
became stronger (HLA-B*08:01, p=1.79×10–56, OR=3.14,
95% CI 2.27 to 4.38 and HLA-DRB1*03:01, p=3.31×10–9,
OR=2.73, 95% CI 1.96 to 3.80). We did not find associations
with rarer aminoacyl-tRNA-synthetases individually, likely due
to small sample sizes. However, in a small sample size of 23
patients, only 30.4% of patients with anti-PL7 antibodies carried
HLA-DRB1*03:01, compared with 79.2% of patients with antiJo-1 autoantibodies, and 23% of healthy controls (online supplementary table 4). This may suggest that not all antisynthetase
autoantibodies have the same associations with 8.1 AH. The
‘haplotype phased’ raw HLA genotypes for patients with rarer

Table 2

antisynthetase autoantibodies are included in online supplementary tables 5-10.
A strong HLA association was observed in patients
with anti-TIF1 autoantibodies with the HLA-allele group
DQB1*02 (p=2.34×10–10, OR=2.49, 95% CI 1.88 to
3.31). Within this allele group, there were associations with
HLA-DQB1*02:01 (p=1.69×10–5) and HLA-DQB1*02:02
(p=1.04×10–4).
Associations with class II alleles of the 8.1 AH were observed
for patients with anti-Jo-1, anti-PM/Scl and anti-cN1A. AntiHMGCR and anti-Mi-2 were the only autoantibodies tested that
were associated with HLA alleles not forming part of the 8.1
AH. Although the strong association with anti-HMGCR autoantibodies and HLA-DRB1*11 was confirmed in adult-onset
patients, a stronger association was observed with the 4-digit
allele HLA-DRB1*11:01 (p=3.22×10–7, OR=11.90, 95% CI
4.72 to 31.85) before the allele was removed from the initial
analysis due to low imputation accuracy (r2=0.75).
Using a more conservative threshold correcting for the
number of antibodies analysed (p<2.4×10–6), the association with HLA-DRB*11 and anti-HMGCR autoantibodies did
not reach our significance threshold. There were no significant associations with classical HLA alleles and anti-NXP2,
anti-SRP, anti-MDA5 or anti-SAE autoantibodies.

Classical HLA allele associations
SNP2HLA classical HLA association

Autoantibody

Number of cases

Gene

Allele

P value

OR (95% CI)

Jo-1

332

HLA-B

08:01

2.28×10–53

3.37 (2.37 to 4.83)

HLA-DRB1

03:01

3.25×10–9

3.09 (2.08 to 4.30)

TIF1

197

HLA-DQB1

02

2.34×10–10

2.49 (1.88 to 3.31)

PM/Scl

136

HLA-DQB1

02:01

1.47×10–26

17.50 (10.63 to 30.59)

Mi-2

104

HLA-DRB1

07:01

4.92×10–13

5.47 (3.48 to 8.77)

cN1A

64

HLA-DRB1

03:01

1.40×10–11

9.23 (4.95 to 18.01)

HMGCR

52

HLA-DRB1

11

5.09×10–6

4.92 (2.52 to 9.97)

4-digit alleles are preferentially reported unless a 2-digit allele is significantly more associated. P values (uncorrected), OR and 95% CI were calculated in a regression including
the most significantly associated independent variants. Associations reaching study-wide significance are reported (p<2.9×10–5).
HLA, human leucocyte antigen.
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Table 3

The strongest amino acid associations in autoantibody subgroups of IIM
Amino acid association

Autoantibody
Jo-1

Number of cases
332

Gene
HLA-DRB1

Variant

P value

Position 74

OR (95% CI)
–64

Omnibus 3.47×10

Alanine (ref)

HLA-B

Arginine

1.24×10--8

2.94 (2.03 to 4.26)

Glutamine

0.02

0.59 (0.38 to 0.89)

Leucine

6.21×10–5

2.78 (1.67 to 4.55)

Glutamic acid

0.5

1.20 (0.70 to 1.96)

Position 9

Omnibus 7.03×10–11

Tyrosine (ref)

TIF1

197

HLA-DQB1

Aspartic acid

2.10×10–10

3.33 (2.30 to 4.84)

Histidine

0.77

0.96 (0.73 to 1.26)

Position 37

Omnibus 1.49×10–10

Tyrosine (ref)
PM/Scl

136

HLA-DRB1

Isoleucine

2.34×10–10

Position 74

Omnibus 2.48×10–40

2.49 (1.88 to 3.31)

Alanine (ref)

Mi-2

104

HLA-DRB1

Arginine

5.06×10–25

Glutamine

0.43

1.26 (0.70 to 2.21)

Leucine
Glutamic acid

0.58
0.58

0.70 (0.17 to 2.32)
1.34 (0.44 to 3.56)

Position 4

Omnibus 3.69×10–13

18.37 (10.88 to 32.98)

Arginine (ref)
cN1A

64

HLA-DRB1

Glutamine

3.26×10–12

Position 74

Omnibus 6.15×10–14

4.93 (3.17 to 7.79)

Alanine (ref)

SRP

45

HLA-DRB1

Arginine

1.37×10–9

8.68 (4.43 to 18.1)

Glutamine

0.02

0.17 (0.03 to 0.61)

Leucine

0.05

3.31 (0.93 to 11.02)

Glutamic acid

0.43

0.45 (0.03 to 2.30)

Position 74

Omnibus 1.91×10–5

Alanine (ref)

HMGCR

42

HLA-DRB1

Arginine

9.47×10–4

3.51 (1.69 to 7.57)

Glutamine

0.13

0.38 (0.08 to 1.18)

Leucine

0.63

1.36 (0.32 to 4.34)

Glutamic Acid

5.69×10–4

5.07 (2.05 to 13.17)

Position 58

Omnibus 2.42×10–6

Alanine (ref)
SAE

31

HLA-DQB1

Glutamic acid

5.13×10–6

Position 57

Omnibus 2.66×10–6

4.91 (2.52 to 9.97)

Aspartic acid (ref)
Alanine

1.71×10–5

8.52 (3.42 to 24.47)

Valine

0.41

1.61 (0.49 to 4.92)

Serine

0.94

0.92 (0.04 to 7.66)

OR and 95% CI were calculated in a regression model including significant independent variants, using the most common amino acid in the population as the reference.
Associations reaching study-wide significance are reported (p<2.9×10–5).
IIM, idiopathic inflammatory myopathies.

Amino acid positions may be more strongly associated than
classical HLA alleles

SNP2HLA was used to impute amino acid positions. We
employed a case-control study design in each autoantibody
subgroup analysis, and autoantibodies with significant amino
acid associations are reported in table 3.
The omnibus p value reports the significance of the amino
acid position, and the effect sizes of the potential amino acids
at this location were calculated in a regression model. The location of associated amino acids within the 3D structure of HLA
molecules are shown in online supplementary figure 1. For some

autoantibodies, such as anti-Jo-1, anti-PM/Scl and anti-cN1A,
amino acid associations were markedly stronger than the classical HLA associations reported in table 2. Regional association
plots for autoantibodies with significant associations are shown
in online supplementary figure 2A-H. Using a more conservative threshold correcting for the number of antibodies analysed
(p<2.4×10–6), associations with amino acids and anti-SRP, antiHMGCR and anti-SAE autoantibodies did not reach our significance threshold.
For anti-Jo-1, anti-PM/Scl, anti-cN1A and anti-SRP autoantibodies, the strongest association was with position 74 of
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Table 4 Differences in association at the HLA-DQB1*02 locus in
adult-onset and juvenile-onset patients with anti-TIF1 autoantibodies
DQB1*02:01

DQB1*02:02

Adult-onset TIF1, n=91

P=0.06
OR=1.54 (0.97 to 2.44)

P=2.96×10–5
OR=3.31 (1.89–5.84)

Juvenile-onset TIF1, n=106

P=3.70×10–5
OR=2.47 (1.61 to 3.80)

P=0.13
OR=1.50 (0.87 to 2.51)

OR with 95% CI.
.

HLA-DRB1 (table 3). For anti-Jo-1, anti-PM/Scl and anticN1A autoantibodies, an arginine at position 74 of HLA-DRB1
conferred the strongest risk. In patients with anti-PM/Scl and
anti-cN1A autoantibodies, an arginine conferred all of the risk at
this position, whereas in patients with anti-Jo-1 autoantibodies
there was also evidence of risk attributable to other amino acids.
Stepwise conditional analysis showed evidence of multiple
independent effects in the HLA region with anti-Jo-1; position 74 of HLA-DRB1 and position 9 of HLA-B. These were
associated at a similar level of significance (p=3.47×10–64 vs
p=5.25×10–64) and remained significant after conditioning on
either position. Analysing antisynthetase autoantibody positive
patients as a group increased the strength of association with
these independent amino acid positions (HLA-DRB1 Position
74, p=5.69×10–67 and HLA-B Position 9, p=8.63×10–11).

HLA alleles may differentiate adult-onset and juvenile-onset
patients with anti-TIF1 autoantibodies

For autoantibodies that occur at high frequencies in both adultonset and juvenile-onset patients with IIM, the cohort was stratified to investigate potential differences in HLA associations
between these populations. Patients with anti-TIF1 autoantibodies were stratified into adult-onset (n=91) and juvenile-onset
(n=106) disease. Of these, all but six adult-onset patients were
recorded as having DM. The association at the HLA-DQB1
locus differed between adult-onset and juvenile-onset patients
(table 4). In adult-onset IIM, the strongest 4-digit HLA association was with HLA-DQB1*02:02 (p=2.96×10–5, OR=3.31,
95% CI 1.89 to 5.84). In contrast, in juvenile-onset patients, a
strong association with HLA-DQB1*02:01 was observed, but the
strongest association was with HLA-DRB1*03:01 (p=6.21×10–
6
, OR=2.69, 95% CI 1.75 to 4.15), which is on the same haplotype as HLA-DQB1*02:01.
To ensure that this difference was not due to the effects of
different methods of autoantibody detection, analysis was
restricted to UK patients serotyped using IP in the same centre
at the University of Bath. Nineteen additional juvenile-onset
patients were included, recently genotyped through the Juvenile
Dermatomyositis Cohort Biomarker Study and Repository. This
subanalysis included UK adult-onset (n=40) and juvenile-onset
patients (n=48) with anti-TIF1 autoantibodies. The strongest
associations for juvenile-onset patients were with alleles of the
8.1 AH, which were not significant in the adult-onset cohort.
For example, HLA-DQB1*02:01 had a stronger association in
the juvenile-onset cohort (p=0.004, OR=2.48, 95% CI 1.33
to 4.61) in comparison to the adult-onset cohort (p=0.11,
OR=1.69, 95% CI 0.87 to 3.20). Conversely, HLA-DQB1*02:02
was more strongly associated in adult-onset (p=0.01, OR=2.38,
95% CI 1.16 to 4.76) than in juvenile-onset disease (p=0.09,
OR=1.85, 95% CI 0.89 to 3.64), thus replicating trends from
the original cohort. However, due to the reduced sample size,
these associations did not reach study-wide significance. These
1000

trends were also seen when restricting the analysis to US juvenile-onset patients with anti-TIF1 autoantibodies (n=70); the
association with HLA-DQB1*02:01 (p=0.01, OR=2.05, 95%
CI 1.18 to 3.54) was stronger than with HLA-DQB1*02:02
(p=0.76, OR=0.89, 95% CI 0.40 to 1.81).
There were no significant classical HLA or amino acid associations in either adult-onset or juvenile-onset patients with
anti-NXP2 or anti-MDA5 autoantibodies. For anti-Jo-1,
anti-PM/Scl, anti-Mi-2 and anti-cN1A, the numbers in the
juvenile-onset cohorts were too small to reach our study-wide
significance. However, for alleles associated in the total cohort,
the trends for association were in the same direction in juvenile-onset IIM (online supplementary table 11).

Discussion

We used HLA imputation to find associations with IIM autoantibodies and both classical HLA alleles and amino acid positions that
may confer risk. By applying this novel approach, we report for
the first genetic differences between adult-onset and juvenile-onset
anti-TIF1-positive patients. There are independent associations of
HLA-DRB1 and HLA-B for the development of anti-Jo-1 autoantibodies, implicating multiple genetic features of the 8.1 AH. Amino
acid imputation identified novel associations with autoantibodies
that are stronger than the classical HLA allelic association, indicating key positions within HLA molecules that may confer risk
for various antibodies.
For certain autoantibodies, the strongest amino acid associations
were at a similar level of significance as the strongest specific HLA
association (online supplementary figure 2A-H). These amino
acids may act as a proxy for the risk allele due to carriage on
risk haplotypes. In other instances, amino acid associations were
markedly more significant than any HLA allele. For example, in
patients with anti-PM/Scl autoantibodies, amino acid position 74
of HLA-DRB1 had a stronger association (p=2.48×10–40) than
any allelic association (p=1.47×10–26). For patients with anti-Jo-1
autoantibodies, forward stepwise conditional analysis suggested
independent associations within the 8.1 AH of HLA-B*08:01 and
HLA-DRB1*03:01. Other MSAs may have multiple independent
associations within the HLA region that we were underpowered
to detect, in line with other seropositive autoimmune diseases.17
Imputation of classical HLA alleles confirmed strong associations between alleles of the 8.1 AH and anti-Jo-1, anti-PM/Scl
and anti-cN1A autoantibodies. Specific HLA alleles are thought to
target particular autoantigens, resulting in a breakdown in immunological tolerance to self-antigens. However, studies have shown
that there are additional genetic features of the 8.1 AH that predispose individuals to immune-mediated diseases, such as NF-kappaB
and TNF-alpha polymorphisms,18 19 and gene copy number variants of complement genes.20 The association of alleles independent
of the 8.1 AH with anti-Mi-2 and anti-HMGCR, as well as finding
that some autoantibodies do not have strong HLA associations,
suggests that not all patients with IIM share a common genetic
risk. The 8.1 AH may be more critical for generation of a particular
autoantibody repertoire rather than for the development of IIM.
Environmental triggers including viruses, infections, UV radiation,
drugs and additional genetic risk factors may contribute to disease
heterogeneity.
The position of amino acids may give insight into whether these
associations are functionally important. For example, amino acid
position 74 faces inwards of the peptide binding groove in HLA
DR molecules and may change the structure to accommodate
autoantigenic peptides, whereas amino acid position 4 lies outside
of the peptide binding groove (online supplementary figure 1).
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An arginine at position 74 of HLA-DRB1 was the most strongly
associated amino acid position in patients with anti-Jo-1, anti-PM/
Scl and anti-cN1A autoantibodies and has been implicated in
other autoimmune diseases in Caucasian individuals.21 Arg-74
almost exclusively resides on HLA-DRB1*03 alleles, which may
explain the strong association with many IIM autoantibodies and
HLA-DRB1*03:01. It will be interesting to examine whether risk
alleles in other ethnic populations share the same amino acids as
in Caucasian populations.22 Our method of analysis was unable to
distinguish whether risk was attributable to amino acid motifs or to
individual amino acid positions due to the high level of LD within
these molecules. Previous studies have identified HLA-DRB1 motif
9
EYSTS13 as risk for IIM,23 and the HLA-DRB1 motif 70QKXXR74
for patients with anti-Jo-1 and anti-PM/Scl autoantibodies.9 In
both of these cases, however, the motifs are no stronger than the
classical association with HLA-DRB1*03:01, or indeed an arginine
at position 74 of HLA-DRB1.
We found evidence of different haplotypic associations for
adult-onset and juvenile-onset patients with anti-TIF1 autoantibodies. After stratifying by age, there was an association between
anti-TIF1 autoantibodies and the 8.1 AH in juvenile-onset patients
that was absent in adult-onset patients. Differences in association
could be due to distinct aetiologies or to epitope spreading. An
association of anti-TIF1 autoantibodies with cancer in adult-onset
disease is not present in juvenile-onset disease.24 25 Cancer-associated myositis may develop as a paraneoplastic process, with neoantigens in the cancer triggering autoimmunity in adult disease.26 In
juvenile-onset patients with anti-TIF1 autoantibodies, however,
an association with the 8.1 AH may suggest a different aetiology,
where environmental risk factors such as infections,27 28 UV exposure29 or others,30 may initiate disease. Differences in association
with anti-HMGCR autoantibodies in adult-onset patients (HLADRB1*11:01) and juvenile onset-patients (HLA*DRB1*07:01)
have recently been described.13
There are some limitations with our study. Due to the nature
of this large multicentre collection, not all patients were tested
using gold standard IP. Alternatively, patients were included if they
tested positive for an autoantibody by a commercially available
line blot. Although concordance between these different methods
has not been comprehensively studied, there is evidence that these
assays are robust.31 32 A subanalysis of patients with anti-Jo-1 and
anti-PM/Scl autoantibodies serotyped using EUROIMMUN line
blots resulted in the same associations as those serotyped by IP
(data not shown). Another limitation is the potential mischaracterisation of patients as antibody negative. Patients may have rare
autoantibodies not currently included on commercially available
line-blots, undiscovered antibodies not detectable in cell lines used
for IP or low/negative titres of antibody during disease remission.
Mischaracterising patients as antibody negative would result in a
type-2 error and should not affect our primary findings. For these
reasons, we did not compare antibody positive against antibody
negative-patient groups.
In conclusion, these results confirm strong associations
between HLA alleles and autoantibody specificities present in
Caucasian patients with IIM. As well as strong associations with
the 8.1 AH, we show that there are associations independent
of this haplotype and that risk within this region may differ
between adult-onset and juvenile-onset patients with anti-TIF1
autoantibodies. As autoantibodies in myositis correlate with
specific clinical features of disease, understanding the mechanisms behind development of different autoantibodies should be
a focus of ongoing research.
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