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Abstract
Background: To address the reactivity and a�nity against histidyl-transfer RNA synthetase (HisRS) autoantigen of anti-Jo1 autoantibodies from serum and
bronchoalveolar lavage �uid (BALF) in patients with idiopathic in�ammatory myopathies/anti-synthetase syndrome (IIM/ASS). To investigate the
associations between the reactivity pro�le and clinical data over time.

Methods: Samples and clinical data were obtained from: i) 25 anti-Jo1+ patients (19 sera with 16 longitudinal samples and 6 BALF/matching sera at
diagnosis; ii) 29 anti-Jo1- patients (25 sera and 4 BALF/matching sera at diagnosis); iii) 27 age/gender-matched healthy controls (24 sera and 3
BALF/matching sera). Reactivity towards HisRS full-length (HisRS-FL), three HisRS domains (WHEP, antigen binding domain (ABD), and catalytic domain
(CD)) and the HisRS splice variant (SV) was tested. Anti-Jo1 IgG reactivity was evaluated by ELISA and western blot using IgG puri�ed from serum by a�nity
chromatography. In paired serum-BALF, anti-Jo1 IgG and IgA reactivity was analyzed by ELISA. Autoantibody a�nity was measured by surface plasmon
resonance using IgG puri�ed from sera. Correlations between autoantibody reactivity and clinical data were evaluated at diagnosis and longitudinally.

Results: Anti-Jo1 IgG from serum and BALF bound HisRS-FL, WHEP, and SV with high reactivity at the time of diagnosis and recognized both conformation-
dependent and -independent HisRS epitopes. Anti-HisRS-FL IgG displayed high a�nity early in the disease. At the time of IIM/ASS diagnosis, the highest
autoantibody levels against HisRS-FL were found in patients ever developing interstitial lung disease (ILD) and arthritis, but with less skin involvement.
Moreover, the reactivity of anti-WHEP IgG in BALF correlated with poor pulmonary function.

Levels of autoantibodies against HisRS-FL, -domains and -splice variant generally decreased over time. With some exceptions, longitudinal anti-HisRS-FL
antibody levels changed in line with ILD activity.

Conclusion: High levels and high-a�nity anti-Jo1 autoantibodies towards HisRS-FL were found early in disease in sera and BALF. In combination with the
correlation of anti-HisRS-FL antibody levels with ILD and ILD activity in longitudinal samples as well as of anti-WHEP IgG in BALF with poor pulmonary
function, this supports the hypothesis that the lung may have a role in the immune reaction in anti-Jo1 positive patients.

Background
Idiopathic in�ammatory myopathies (IIM) are rare autoimmune, chronic in�ammatory diseases associated with high mortality and morbidity (1, 2). A major
IIM sub-group, termed anti-synthetase syndrome (ASS), affects skeletal muscle, lung, joints, and skin and is characterized by the presence of autoantibodies
that target aminoacyl transfer(t) RNA synthetases (aaRS) (3). Anti-histidyl tRNA synthetase (HisRS) autoantibodies (anti-Jo1) are the most common anti-aaRS
autoantibodies detected in 15–36% of IIM patients (4–6). Remarkably, up to 90% of IIM/ASS patients diagnosed with interstitial lung disease (ILD) have anti-
Jo1 autoantibodies (7).

HisRS is a homodimeric protein composed of three domains, the WHEP domain located at the N-terminus, an internal catalytic domain (CD), and the anti-
codon binding domain (ABD) at the C-terminal end (Fig. 1A) (8). In 2012, a monomeric HisRS splice variant (SV) comprising the WHEP domain and the ABD
(lacking the CD) was discovered (9). Later, an additional HisRS splice variant composed of the �rst 60 amino acids (WHEP domain itself) was described, and
found to be overexpressed in the lung compared to other human tissues (10, 11). Both full-length HisRS (HisRS-FL) and the WHEP domain were shown, in
vitro, to be secreted from the cytosol of different cell lines including lung and muscle cells into the extracellular environment (10). In addition, HisRS was
detected in serum from patients with IIM/ASS and in healthy individuals (12). Interestingly, serum levels of HisRS protein were lower in patients with anti-Jo1
autoantibodies compared to patients with IIM/ASS without anti-Jo1 autoantibodies and healthy individuals (12). Critical work in previous studies has
convincingly demonstrated that the anti-Jo1 response in myositis is directed towards several epitopes within the HisRS molecule, and particularly the WHEP
domain (13–18). However, these studies were performed using linker mutagenesis and restriction enzymes, or linear peptide design and not complete protein
domains mimicking naturally folded HisRS present inside cells and in circulation. When analyzing autoantibody reactivity against linear epitopes, as
performed in previous studies, there is a large risk of missing the detection of conformational-dependent autoantibodies. The reactivity pro�le of anti-Jo1
antibodies against HisRS-FL, domains, and SV has so far only been assessed in sera and not in other biological samples such as the bronchoalveolar lavage
�uid (BALF). Moreover, the anti-Jo1 response has previously been investigated in sera from anti-Jo1 positive patients and not on puri�ed anti-Jo1 IgG. Testing
the reactivity of puri�ed anti-Jo1 antibodies will limit the in�uences of other molecules in the sera that could interfere with the antigen binding. In addition,
only very limited data is available concerning the behavior of anti-Jo1 antibody levels during the disease course and in relation to the different clinical
phenotypes and treatments.

The �ndings described in previous studies have raised several important questions. Firstly, could anti-HisRS autoimmunity be initiated towards a speci�c
region of the protein e.g. WHEP domain which is highly expressed in the lungs (10), and during IIM/ASS disease course spread throughout the HisRS
molecule? Secondly, acknowledging the strong association between ILD and the anti-Jo1 response in IIM/ASS (19), could anti-Jo1 autoantibodies targeting
speci�c regions of HisRS be associated with distinct clinical phenotypes? Lastly, are anti-Jo1 autoantibodies in circulation recognizing the same HisRS
epitopes as the autoantibodies found in the BALF of the lungs?

To address these questions, we extended previous epitope mapping studies to evaluate the reactivity pro�le of anti-Jo1 IgG and IgA from serum and BALF
against HisRS-FL, the naturally occurring folded HisRS splice variant (SV), and separate HisRS domains (WHEP, CD and ABD). Additionally, we explored the
association between the anti-Jo1 reactivity to the full-length protein, single domains and the splice variant of HisRS in relation to clinical manifestations in
longitudinally collected serum samples and compared serum and BALF-derived anti-Jo1 autoantibodies collected at IIM/ASS diagnosis. To get a deeper
understanding of the binding pro�le and the development of the anti-Jo1 autoantibodies, we also investigated the a�nity of these only against HisRS-FL at
the time of disease diagnosis.
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Materials And Methods

Patient samples
Stored sera from consecutive patients with IIM/ASS (19 anti-Jo1+ and 25 anti-Jo1−, cohort 1, Table 1) attending the Rheumatology clinic at Karolinska
University Hospital, Stockholm, Sweden were identi�ed for IgG puri�cation. Classi�cation of IIM was made according to the Bohan and Peter criteria (20, 21).
Griggs criteria (22) were applied for Inclusion Body Myositis (IBM). The diagnosis of ASS was based on the presence of anti-aaRS autoantibodies, plus one of
the following features: ILD, myositis, arthritis, Raynaud´s phenomenon, fever, or mechanic´s hands (23). The �rst available serum sample in relation to
IIM/ASS diagnosis was selected (median disease duration in Table 1). However, in three anti-Jo1+ and four anti-Jo1− patients, the �rst available sera were
collected at time points before diagnosis. Speci�cally, up to 3 months before diagnosis, median − 1 month (25-75th percentiles − 3 to -1) for the anti-Jo1+

group, and up to 21 months before diagnosis, median − 10 months (25-75th percentiles − 19.5 to -4.25) for the anti-Jo1− group. Longitudinal serum samples
for IgG puri�cation were available from 16 of the 19 anti-Jo1+ IIM/ASS patients up to 24 years after diagnosis (Supplementary Fig. 2).
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Table 1
Demographic data of cohort 1 at the time of �rst available serum sample*.

  IIM/ASS

(n = 44)

Anti-Jo1+

(n = 19)

Anti-Jo1−

(n = 25)

Age, mean years (SD) 57 (13) 52 (14) 61 (12)a

Women, n (%) 24 (55) 9 (47) 15 (60)

Disease duration in months, median (25-75th percentiles)** 0 (0–1) 1 (0–10) 0 (0–1)

Anti-synthetase syndrome (ASS), n (%) 28 (64) 19 (100) 9 (36)b

Muscular manifestations, n ever (%)      

Muscle weakness (pathological MMT8 and/or FI-2) 35 (83) 15 (79) 20 (87)

Muscle enzymes elevation (CK, LD, ASAT, ALAT) 35 (83) 15 (79) 20 (87)

Muscle in�ammatory in�ltrates 26 (62) 11 (58) 15 (65)

Extra-muscular manifestations, n ever (%)      

Interstitial Lung Disease (ILD) 25 (57) 16 (84) 9 (36)c

Skin rash*** 14 (32) 5 (26) 9 (36)

Arthritis 18 (41) 11 (58) 7 (28)

Dysphagia 9 (21) 3 (16) 6 (24)

Raynaud’s phenomenon 2 (5) 2 (11) 0 (0)

Smoking status, n ever (%) 24 (55) 10 (53) 14 (56)

Laboratory tests      

CK, median µcat/L (25-75th percentiles) 4.3 (1.4–14.2) 3.8 (1.1–9.0) 4.4 (1.6–16.2)

CRP, median mg/L (25-75th percentiles) 4.0 (0.9–8.3) 7.0 (2.0–9.0) 2.0 (0.5–8.0)

Autoantibodies      

Positive anti-PL7, n (%) 2 (5.1) 0 2 (8.3)

Positive anti-PL12, n (%) 2 (5.1) 0 2 (8.3)

Positive anti-EJ, n (%) 1 (2.6) 0 1 (4.2)

Positive anti-OJ, n (%) 3 (7.7) 0 3 (12.5)

Positive anti-Mi-2, n (%) 3 (7.9) 1 (7.1) 2 (8.3)

Positive anti-SRP, n (%) 2 (5.1) 0 2 (8.3)

Positive anti-MDA5, n (%) 3 (7.9) 0 3 (12.5)

Positive anti-TIF1g, n (%) 3 (7.9) 0 3 (12.5)

Positive anti-SSA, n (%) 16 (36.4) 10 (52.6) 6 (24.0)

Positive anti-Ro52, n (%) 12 (38.7) 8 (47.1) 4 (28.6)

Positive anti-SSB, n (%) 0 0 0

*First available serum samples collected: i) at diagnosis (0 months) sera was available from 6 anti-Jo1+ and 14 anti-Jo1− patients; ii) before diagnosis
sera were available from 3 anti-Jo1+ and 4 anti-Jo1− patients (median months [25–75th percentile], -1[-3 – -1] and − 10[-19.5 – -4.25], respectively); iii) after
diagnosis sera was available from 10 anti-Jo1+ and 7 anti-Jo1− patients (9[1–99] and 1[1–4], respectively).

IIM, Idiopathic In�ammatory Myopathies; ASS, Anti-Synthetase Syndrome; CK, Creatinine kinase (reference values: 0.6–3.5 µkat/L); CRP, C-reactive protein
(0–3 mg/L); VAS, Visual Analogue Scale; MDDAT, Myositis Disease Activity Assessment Tool; HAQ, Health Assessment Questionnaire; MMT-8, Manual
Muscle Testing.

1 treatment designates one of the following: methotrexate (Mtx), glucocorticoids (GC), intravenous immunoglobulin, or abatacept; 2 or 3 concomitant
treatments designate all the possible following combinations: GC + azathioprine (Aza), GC + cyclophosphamide, GC + Mtx, GC + mycophenolate mofetil
(MMF), GC + rituximab, GC + cyclophosphamide + rituximab, GC + Mtx + rituximab, or GC + MMF + rituximab.

**Disease duration was calculated based on month and year of clinical diagnosis; ***Skin rash features: Periungual erythema, mechanic's hand, Gottron's
sign, Gottron's papules, V-sign, shawl sign, alopecia, erythroderma, periorbital edema, heliotrope rash.

ap=0.0236; bp<0.0001; cp=0.0020 vs anti-Jo1+ (Mann-Whitney or Fisher’s exact test).
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  IIM/ASS

(n = 44)

Anti-Jo1+

(n = 19)

Anti-Jo1−

(n = 25)

Positive anti-U1 RNP, n (%) 5 (11.4) 2 (10.5) 3 (12.0)

Positive anti-Ku, n (%) 1 (2.5) 0 1 (4.0)

Positive anti-PmScl, n (%) 2 (4.9) 1 (6.3) 1 (4.0)

Physician VAS, median (25-75th percentiles) 40 (25–60) 45 (32–60) 40 (17–50)

Patient VAS, median (25-75th percentiles) 40 (16–69) 44 (19–70) 32 (11–68)

HAQ (1–3), median (25-75th percentiles) 0.88 (0.00–1.50) 0.75 (0.19–1.25) 1.00 (0.00–1.63)

MMT-8 (0–80), median (25-75th percentiles) 78 (67–80) 79 (77–80) 75 (64–80)

Muscle activity score VAS, median (25-75th percentiles) 15 (0 37.5) 4.5 (0–35.5) 15 (0–37.5)

MDAAT, median (25-75th percentiles) 0.07 (0.05–0.16) 0.12 (0.05–0.17) 0.06 (0.03–0.16)

Extra-muscular activity, median (25-75th percentiles) 32 (15–40) 40 (11–43) 24 (16–34)

Immunosuppressive (IS) treatment, n (%)      

No treatment 10 (26) 4 (25) 6 (26)

1 treatment 10 (26) 2 (13) 8 (35)

2 or 3 concomitant treatments 19 (49) 10 (63) 9 (39)

  Healthy controls (n = 24)    

Age, mean years (SD) 59.3 (13.0)    

Women, n (%) 12 of 24 (50)    

*First available serum samples collected: i) at diagnosis (0 months) sera was available from 6 anti-Jo1+ and 14 anti-Jo1− patients; ii) before diagnosis
sera were available from 3 anti-Jo1+ and 4 anti-Jo1− patients (median months [25–75th percentile], -1[-3 – -1] and − 10[-19.5 – -4.25], respectively); iii) after
diagnosis sera was available from 10 anti-Jo1+ and 7 anti-Jo1− patients (9[1–99] and 1[1–4], respectively).

IIM, Idiopathic In�ammatory Myopathies; ASS, Anti-Synthetase Syndrome; CK, Creatinine kinase (reference values: 0.6–3.5 µkat/L); CRP, C-reactive protein
(0–3 mg/L); VAS, Visual Analogue Scale; MDDAT, Myositis Disease Activity Assessment Tool; HAQ, Health Assessment Questionnaire; MMT-8, Manual
Muscle Testing.

1 treatment designates one of the following: methotrexate (Mtx), glucocorticoids (GC), intravenous immunoglobulin, or abatacept; 2 or 3 concomitant
treatments designate all the possible following combinations: GC + azathioprine (Aza), GC + cyclophosphamide, GC + Mtx, GC + mycophenolate mofetil
(MMF), GC + rituximab, GC + cyclophosphamide + rituximab, GC + Mtx + rituximab, or GC + MMF + rituximab.

**Disease duration was calculated based on month and year of clinical diagnosis; ***Skin rash features: Periungual erythema, mechanic's hand, Gottron's
sign, Gottron's papules, V-sign, shawl sign, alopecia, erythroderma, periorbital edema, heliotrope rash.

ap=0.0236; bp<0.0001; cp=0.0020 vs anti-Jo1+ (Mann-Whitney or Fisher’s exact test).

Matching BALF and serum collected at the time of diagnosis were available in the biobank from 10 additional IIM/ASS patients (6 anti-Jo1+ and 4 anti-Jo1−,
Cohort 2, Supplementary Table 1).

Patients were de�ned as anti-Jo1+ if they had ever tested positive for anti-Jo1 antibodies by standardized immunoassays (immunoprecipitation, Line Blot or
ELISA).

In cohort 1 and 2, the mean age for the anti-Jo1+ IIM/ASS group was lower compared to anti-Jo1− IIM/ASS (54 vs 61, p = 0.0467). All anti-Jo1+ patients from
cohort 1 and 2 (48% women) were diagnosed with ASS, compared to 31% in anti-Jo1− (p < 0.0001) and 88% of anti-Jo1+ IIM/ASS had ILD in contrast to 34% in
anti-Jo1− patients (p < 0.0001). Demographics are presented in Table 1 and Supplementary Table 1. Serum samples from healthy control individuals (HC) were
selected to match IIM/ASS patients for age and gender (mean age 59 years, 50% women).

De�nition of clinical, laboratory and disease activity data
Signs of muscular involvement such as muscle weakness based on pathological manual muscle test-8 (MMT-8) and/or myositis functional index-2 (FI-2) (24),
muscle enzymes elevation (creatine kinase (CK), lactate dehydrogenase (LD), aspartate aminotransferase (ASAT), alanine aminotransferase (ALAT)), and
in�ammatory in�ltrates in muscle biopsies, present at any time during disease course were recorded.

Extra-muscular manifestations such as ILD, arthritis, skin rash (periungual erythema, mechanic's hand, Gottron's sign, Gottron's papules, V-sign, shawl sign,
alopecia, erythroderma, periorbital edema, heliotrope rash), Raynaud's phenomenon, and dysphagia present at any time during disease course were recorded.
Smoking status was de�ned as never/ever smoker.
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Diagnosis of ILD was based on the American Thoracic Society criteria (25). All patients were screened with pulmonary function tests and high-resolution
computer tomography (HRCT) of the lungs to con�rm or exclude the presence of ILD with the exception of four anti-Jo1− patients in cohort 1 who only
underwent lung x-ray. In patients with ILD, spirometry test results (forced vital capacity (FVC), total lung capacity (TLC) and diffusion lung capacity of carbon
monoxide (DLCO)) and HRCT data were retrieved at the time of each serum and BALF sample when available. The pattern of ILD (non-speci�c interstitial
pneumonia (NSIP), usual interstitial pneumonia (UIP) and organizing pneumonia (OP)) was retrieved. By considering the change of spirometry test results and
HRCT from time of diagnosis to the last available investigation (not always corresponding to the last longitudinal sample included in the analysis) a global
ILD outcome was assigned as improvement, stable or progression.

Longitudinal disease activity was assessed by collecting variables of the IMACS (International Myositis Assessment & Clinical Studies group) disease activity
core set measures (24) and by calculating the total improvement score according to the IMACS response criteria. For details, please see Supplementary
Methods.

In patients who developed arthritis, disease activity score-28 (DAS-28) was recorded close to the date of each serum sample. Comparing the �rst and last DAS-
28, the response was de�ned according to EULAR response criteria (26). In case the patient just had one available serum sample, the response was calculated
by comparing the DAS-28 at the date of sample and the last DAS-28 available in medical records and/or SweMyonet/Euromyositis registers after the date of
sample. Information on treatment at the time of sampling was collected. Administration of rituximab before each included serum sample was recorded
(Table 1, Fig. 3B and Supplementary Fig. 6).

ELISA and western blot analysis
Biotinylated HisRS variants and control proteins utilized for ELISA, western blot (WB), and a�nity measurements were generated as previously described (27).
Information on antigen ID, molecular weight, and amino acid coverage of the proteins is depicted in Fig. 1A, Supplementary Table 2, and Supplementary Fig. 1.
To avoid interference of other serum factors, IgG was puri�ed from serum as described before (28, 29). More information is found in Supplementary Fig. 2.

ELISA and western blot experiments to evaluate the reactivity of serum and BALF-derived anti-Jo1 autoantibodies (IgG and IgA) against HisRS-FL, HisRS
domains, and splice variant are described in Supplementary Methods. ELISA was executed in: i) IgG puri�ed from serum of 44 IIM/ASS and 24 HC individuals
(anti-Jo1 IgG detection); and ii) 13 BALF and 13 matched-sera, 10 from IIM/ASS patients and 3 from HC. Total IgG, total IgA, anti-Jo1 IgG, and anti-Jo1 IgA
were measured both in undiluted BALF and 1:500 diluted serum. The biotinylated variants of HisRS were added to streptavidin coated plates in high excess
compared to the amount of antibody tested to avoid the effects of different molar concentration of antigen due to the different molecular weight of HisRS
versions.

Anti-Jo1 IgG levels in serum (ng/mL) were calculated based on a standard curve generated from anti-Jo1 IgG enriched from a sera pool of 38 IIM/ASS
patients (Supplementary Fig. 3B). The antibody levels were measured in the linear range between 5 and 100 ng/mL. These speci�c anti-Jo1 IgG were also
enriched from serum by a�nity chromatography as previously described, followed by a HisRS chromatography column (28, 29) (prepared in house,
Supplementary Methods).

Autoantibody reactivity in IgG puri�ed from serum of 19 anti-Jo1+ patients, 2 anti-Jo1− patients and 3 HC was also tested by WB (Fig. 1D, Supplementary
Fig. 5B).

Surface plasmon resonance
A�nity measurements of serum-derived IgG to HisRS-FL, close to diagnosis (between − 0.25–0 years), from the 19 anti-Jo1+ patients were performed using
surface plasmon resonance (SPR). The measurements were carried out using the Biacore T200 biosensor instrument (Cytiva), single cycle kinetics mode, and
the Biacore T200 evaluation 3.1 software (Cytiva) was used for analyses. The measurements were done by capturing total IgG on the surface and �owing
HisRS over the system to avoid measuring the avidity from the mix of polyclonal anti-Jo1 antibodies, for more details see Supplementary Methods.

Statistical analysis
Continuous variables with normal distribution were presented as means with standard deviations (SD), while variables that violated normality were presented
as medians with 25-75th percentiles [25-75th ]. Comparison of categorical variables was performed using Fisher’s exact test or Chi-square test, when
appropriate. Kruskal-Wallis, Friedman’s (correction for multiple comparisons by Dunn’s test), or Mann-Whitney tests were employed when quantitative variables
were compared among all groups or between two groups, respectively. Correlations between anti-Jo1 IgG/IgA reactivity levels and clinical data were performed
using Spearman’s rank coe�cient correlation. P < 0.05 denotes a signi�cant difference. Data analysis was done using GraphPad Prism version 8 (La Jolla,
USA). Multivariate modelling using Principal Component Analysis (PCA) and Orthogonal projections to latent structures discrimination analysis (OPLS-DA)
was performed using SIMCA 15.0 (Umetrics, Sweden) following mean centering, log transformation and UV scaling. Model performance was reported as the
cumulative correlation R2X[cum], and predictive performance – as Q2[cum] based on seven-fold cross validation.

Results

1. Reactivity pro�le against HisRS of serum and BALF-derived anti-Jo1 autoantibodies

1.1 Anti-Jo1 reactivity of IgG puri�ed from the �rst available serum sample
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Anti-Jo1 reactivity in total IgG puri�ed from serum was evaluated by ELISA against HisRS (HisRS-FL), one HisRS splice variant (SV), and three HisRS domains
(WHEP, CD and ABD), (Fig. 1). In the �rst available serum sample, median 1 month [0–13] post-diagnosis, total IgG from anti-Jo1+ patients displayed stronger
reactivity against the HisRS-FL and the WHEP domain, in comparison with the CD and ABD, and splice variant SV (Fig. 1B and 1C, Supplementary Fig. 5A). The
ELISA results were con�rmed by WB (Fig. 1D, Supplementary Fig. 5B). Sixteen of 19 anti-Jo1+ patients showed reactivity to all HisRS antigens (with different
degree of binding). One patient (P4) presented exclusive binding to ABD and SV by ELISA and WB (Fig. 1B and 1D) but reactivity to HisRS-FL was only
detected by WB (Fig. 1D). Two patients (P1, P13), belonging to the group of anti-Jo1 positive patients with no evidence of ILD, presented no reactivity against
any of the HisRS antigens by ELISA and WB (Fig. 1, Supplementary Fig. 5). Together, the ELISA and WB results con�rm that anti-Jo1 antibodies recognize both
conformation-dependent (ELISA) and -independent epitopes (WB), with a strong preference for the WHEP region. Anti-Jo1− and HC did not show reactivity
towards HisRS-FL or any of the HisRS-variant/domains (Fig. 1, Supplementary Fig. 5).

1.2 Anti-Jo1 reactivity of IgG and IgA present in BALF and matched serum samples
In BALF, anti-Jo1 IgG and IgA reactivity was registered against HisRS-FL as well as the different HisRS domains and splice variant with the strongest reactivity
against HisRS-FL and SV in anti-Jo1+ IIM/ASS patients (Fig. 2A and 2B). Similarly, in serum samples collected at the same time as the BALF, the highest IgG
and IgA reactivity was found against HisRS-FL (Fig. 2C, 2D). In anti-Jo1+ IIM/ASS patients, no anti-Jo1 autoantibody enrichment (p > 0.05) could be found in
BALF in comparison to paired serum samples, for either IgG or IgA (Supplementary Fig. 4B, 4E).

BALF and paired sera from age/gender-matched HC and clinically diagnosed anti-Jo1− patients did not display IgG or IgA reactivity against HisRS-FL, -
domains or -splice variant (Supplementary Fig. 4).

1.3 Anti-Jo1 reactivity of IgG puri�ed from serum of anti-Jo1+ patients collected
longitudinally
Longitudinal serum samples for IgG puri�cation were available from 16/19 anti-Jo1+ IIM/ASS patients. The highest reactivity levels of anti-HisRS-FL and anti-
WHEP IgG were recorded at the time of diagnosis (median 97 and 81 ng/mL, respectively), in comparison to anti-CD, anti-ABD, and anti-SV IgG (median 66, 54,
and 50 ng/mL, respectively) (Fig. 3A). Similar median IgG reactivity levels against HisRS were detected in the three anti-Jo1+ serum samples collected before
diagnosis (median 100 ng/mL). In 10 out of these 16 patients, IgG reactivity against the majority of HisRS antigens was lower at the end of the follow-up
compared to the one registered close to diagnosis, although levels �uctuated through the disease course (Fig. 3A-B, Supplementary Figs. 6 and 7). However,
three years after diagnosis, median anti-HisRS-FL IgG reactivity levels were still almost as high as our limit of detection (median of 92 ng/mL), while the
reactivity against WHEP and SV registered a decrease (median levels below limit of detection, Fig. 3A). The reactivity levels against CD and ABD decreased
between 7 to 2-fold already one year after diagnosis (median of 10 and 22 ng/mL, respectively, Fig. 3A), remaining low thereafter (Fig. 3A).

The median antibody concentrations against the different HisRS antigens �uctuated over time and, in general, changed simultaneously. By following the
longitudinal levels of anti-HisRS-FL antibodies, we noticed that the anti-HisRS-FL levels changed consistently with lung disease activity. In P11, P16, P17, P9,
P10, P14, and P15 improvement or stabilization of ILD was registered when anti-HisRS-FL levels were lower than the levels recorded at the time of diagnosis
(Fig. 3B, Supplementary Fig. 6). Accordingly, anti-HisRS-FL levels in P2 and P6 (Fig. 3B) increased in parallel to ILD progression. However, we also observed
exceptions to this trend. For instance, in P3 and P5, ILD improved or didn’t worsen respectively, despite the increase or the persistently high levels of anti-
HisRS-FL antibodies, respectively (Supplementary Fig. 6). On the other hand, in P8 and P12, ILD progressed despite the decrease of anti-HisRS-FL levels
(Supplementary Fig. 6).

Data on DAS-28 at the different longitudinal time points were only available for few patients, thus not allowing to describe any signi�cant result.

1.4 Effects of rituximab

Rituximab was administered in 9 of the 16 anti-Jo1+ patients. In two patients (P11 and P12, Fig. 3B, Supplementary Fig. 6) autoantibody levels against HisRS
variant/domains decreased after rituximab, whereas in three patients (P1, P7 and P16, Fig. 3B, Supplementary Fig. 6), the antibody levels remained stable. In
one patient (P6, Fig. 3B) we observed a switch in the reactivity after rituximab treatment, whereby anti-HisRS-FL, -WHEP, and -SV IgG levels increased and anti-
CD and -ABD IgG decreased. Anti-HisRS-FL IgG levels also increased in patient P3 (Supplementary Fig. 6) after rituximab, while reactivity to the other HisRS
variant/domains decreased. Samples collected after the administration of Rituximab were not available for P10 and P13.

2. Correlations between clinical data and reactivity pro�le

2.1 Reactivity of anti-Jo1+ IgG puri�ed from �rst available serum in relation to clinical
data
Considering the autoantibody levels targeting HisRS-FL (calculated based on the anti-Jo1 IgG standard curve, Supplementary Fig. 3B) in the �rst available
sample close to the time of diagnosis, patients were strati�ed into low to moderate (n = 8, 0.5–100 ng/mL) or high anti-HisRS-FL reactivity (n = 11, > 100
ng/mL, Fig. 4, Supplementary Table 3).

In patients with high levels of anti-HisRS-FL antibodies, the median value of muscle disease activity score at diagnosis was 0 compared to 19 and 15 in
patients with low to moderate or no anti-HisRS-FL autoantibodies, respectively, although differences did not reach statistical signi�cance. MMT-8 scores and
CK values at diagnosis as well as frequency of muscle weakness, muscle enzyme elevation and in�ammatory in�ltrates in muscle biopsies ever reported
during the disease course did not statistically differ between those with low to moderate or high anti-HisRS-FL reactivity.
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Anti-Jo1+ IIM/ASS patients with high anti-HisRS-FL antibody levels were more likely to be diagnosed with ILD, ever through the disease course (100%
compared to 63% for the anti-Jo1+ patient group with low to moderate anti-HisRS-FL IgG levels and 36% for anti-Jo1− group, p < 0.05, Fig. 4A, Supplementary
Table 3). ILD was present already at diagnosis in all anti-Jo1+ patients with reported lung manifestations. The pulmonary function (median values of FVC,
TLC) in the low to moderate anti-HisRS-FL reactivity group was signi�cantly lower compared to both anti-Jo1+ with high anti-HisRS-FL levels and anti-Jo1−

(51%, 67% and 81% for FVC, and 54%, 70% and 76% for TLC, in respective groups p < 0.05, Supplementary Table 3). Noteworthy, signi�cantly more smokers
were observed in the anti-Jo1+ group with low to moderate antibody levels (88%) compared to those with high anti-HisRS-FL IgG titers (27% p < 0.05, Fig. 4D).

The group with high anti-HisRS-FL antibody levels presented a higher percentage of arthritis (73%) in comparison to the low to moderate, and negative sub-
groups (38% and 28%, respectively, p < 0.05, Fig. 4B, Supplementary Table 3). Anti-Jo1+ patients with low to moderate levels anti-HisRS-FL IgG levels, similarly
to anti-Jo1− patients, were more frequently diagnosed with skin manifestations (38%, 36%, and 18% for low to moderate, negative, and high anti-HisRS-FL
response, respectively, p > 0.05, Fig. 4C, Supplementary Table 3).

The presence of anti-Ro52 antibodies was higher in the anti-Jo1+ group with the high levels of anti-HisRS-FL antibodies, compared to low to moderate anti-
HisRS-FL and anti-Jo1− groups (64%, 17%, 29%, p > 0.05, Fig. 4E, Supplementary Table 3). The analysis of outcome measures such as total improvement
score, global ILD outcome, and EULAR DAS-28 response did not show any signi�cant difference between patients with low to moderate and high anti-HisRS-
FL levels.

Strati�cation based on high/low anti-WHEP, -CD, -ABD, and -SV IgG levels at time of diagnosis largely re�ected the observations described for HisRS-FL (data
not shown).

2.2 Reactivity of BALF IgG/IgA close to IIM/ASS diagnosis in relation to pulmonary function and BALF cellular content data

BALF levels of IgG anti-WHEP and anti-CD correlated negatively with several pulmonary function measures (VC, FVC, TLC, and FEV1, p < 0.05 r>-0.8810,
Table 2). Anti-HisRS-FL IgA correlated negatively with FEV1 (p < 0.05 r>-0.7785), and anti-SV IgA correlated positively with FEV1_VC ratio (p = 0.044 r=-0.8407).
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Table 2
Correlations between clinical data and levels of anti-Jo1 IgG and IgA autoantibodies from BALF.

Anti-Jo1 in
BALF

Anti-HisRS-FL IgG Anti-HisRS-FL IgA Anti-WHEP IgG Anti-CD IgG Anti-ABD
IgG

Anti-SV IgG Anti-SV IgA

Spearman
correlation

r P r p r p r p r p r p r

VC % -0.2143 0.6615 -0.6786 0.1095 -0.8810 0.0072 -0.8929 0.0123 -0.1429 0.7825 -0.6071 0.1667 -0.6071

FVC % -0.9000 0.0833 -0.8000 0.1333 -1.0000 0.0167 -1.000 0.0167 -0.3000 0.6833 -0.9000 0.0833 -0.2052

TLC % -0.4524 0.2675 -0.6429 0.0962 -0.8810 0.0072 -0.8810 0.0072 -0.0714 0.8820 -0.6667 0.0831 -0.2755

FEV1 % -0.2515 0.5495 -0.7785 0.0301 -0.8982 0.0049 -0.9581 0.0007 -0.1916 0.6479 -0.7066 0.0591 -0.6627

DLCO % -0.2143 0.6615 -0.6071 0.1667 -0.7143 0.0881 -0.7500 0.0663 -0.3571 0.4444 -0.6071 0.1667 -0.7143

FEV1_VC
ratio

-0.2609 0.5889 0.0290 0.9944 0.4058 0.4444 0.4638 0.3944 0.7827 0.0722 0.4638 0.3944 0.8407

Cell
concentration
x 10E6/liter

0.5879 0.0806 0.9515 0.0001 0.7697 0.0126 0.8182 0.0058 0.6121 0.0667 0.6485 0.0490 0.8268

Alveolar
macrophages
%

-0.5030 0.1440 -0.7576 0.0149 -0.7455 0.0174 -0.7939 0.0088 -0.2121 0.5603 -0.6242 0.0603 -0.5106

Lymphocytes
%

0.1273 0.7330 0.3939 0.2632 0.2485 0.4918 0.3697 0.2957 -0.0424 0.9184 0.1152 0.7589 0.2614

Neutrophils % 0.5854 0.0800 0.1281 0.7251 0.5610 0.0959 0.3537 0.3145 -0.2439 0.4945 0.5122 0.1331 -0.2966

Eosinophils
%

0.5671 0.0922 0.5183 0.1287 0.7866 0.0094 0.7195 0.0231 0.3049 0.3883 0.7744 0.0115 0.3670

Basophils % 0.06920 0.8444 0.2076 0.5778 0.2422 0.4889 0.3200 0.3778 0.7006 0.0222 0.3546 0.3333 0.6377

Mast cells* 0.52288 0.1247 0.5957 0.0745 0.5897 0.0774 0.5836 0.0818 0.5228 0.1247 0.6261 0.0577 0.5793

CD4:CD8
ratio

-0.5532 0.1011 -0.9119 0.0006 -0.6201 0.0611 -0.6809 0.0350 -0.1702 0.6378 -0.4134 0.2353 -0.5000

p < 0.05
Signi�cant
correlation
for IgG

                         

p < 0.05
Signi�cant
correlation
for IgA

                         

*Number of cells per high power �eld.

BALF, bronchoalveolar lavage �uid; VC, vital capacity; FVC, forced vital capacity; TLC, total lung capacity FEV1, Forced expiratory volume in 1 second; DLCO,
diffusion lung capacity for carbon monoxide.

Anti-WHEP and anti-CD IgG levels correlated positively with the BALF’s cell concentration and the number of eosinophils (p < 0.05 r > 0.7195). Both the anti-
HisRS-FL IgA and anti-SV IgA correlated positively with the cell concentration in BALF (p < 0.05 r > 0.7697). Anti-ABD IgG correlated positively only with the
number of basophils (p < 0.05 r = 0.7006). A negative correlation was observed between anti-HisRS-FL IgA and anti-CD IgG and alveolar macrophages and
CD4:CD8 ratio (p < 0.05 r>-0.6809, Table 2, Supplementary Table 1). Similarly, anti-WHEP IgG correlated negatively with alveolar macrophages (p = 0.017
r>-0.7455). Since the IgA reactivity in BALF against WHEP, CD and ABD domains was very low, correlations were performed only with anti-HisRS-FL and anti-
SV-IgA (Fig. 2B, Table 2).

3. Multivariate data analysis
Multivariate data analysis was performed to identify correlations in the anti-HisRS reactivity pro�le and to obtain information on how this pro�le correlated
with other clinical factors. Two types of principal component analysis (PCA) models were created: 1) including only the anti-HisRS reactivity data (described in
Supplementary Results) and 2) including the anti-HisRS reactivity data combined with all other available information as described below.

Anti-HisRS-FL reactivity data correlated strongly with ILD+ and anti-Jo1+ autoantibody status. Also, ASS diagnosis, presence of MSAs, anti-SSA antibodies,
and arthritis correlated with anti-Jo1+ and ILD+ patients in cohort 1 (Fig. 5A, 5B). SSA and Ro52 antibodies were detected in ten and eight anti-Jo1+ patients,
respectively (in total, 80% of the SSA+ were Ro52+). We observed that ILD negative patients (n = 19), independently of anti-Jo1 status, correlated negatively
with anti-HisRS-FL and anti-WHEP reactivity. In cohort 2, which included fewer patients but where we had more information on pulmonary status, both the anti-
HisRS-FL reactivity data from IgG and IgA as well as eosinophils and mast cells correlated strongly with anti-Jo1+ and ILD+ status (Fig. 5C, 5D). Inversely,
higher levels of VC, FEV1, TLC, FVC, DLCO, CD4:CD8 and macrophages correlated prominently with anti-Jo1− and ILD−.
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4. A�nity pro�le of anti-Jo1 + IgG puri�ed from serum
The binding pro�les of serum-derived IgG to HisRS-FL, close to diagnosis, from the 19 anti-Jo1+ patients were analyzed using surface plasmon resonance
(SPR). Average kinetic constants could be determined for 14 of the patients and in all cases high average a�nity pro�les were observed (calculated AveKD

close to 1 nM). A selection of representative sensorgrams is showed in Fig. 6. IgG from patients P1, P4 and P13 did not show any binding to HisRS-FL in SPR,
con�rming the results from ELISA and WB, and P6 and P10 displayed too low responses for determination of kinetic constants. The remaining 14 patients
could be divided into two groups based on the average a�nity pro�le: one group (n = 7) with a more biphasic off-rate (Fig. 6, as exempli�ed by P9), and
another group (n = 7) with a slower and more homogenous off-rate (Fig. 6, as exempli�ed by P5 and P17). Detailed analysis of the binding and �tting of the
interaction to a suitable model is complicated due to several factors. Therefore, to distinguish the average values reported herein from traditionally reported
a�nity (KD) and dissociation rate constants (kd), we opted to use the nomenclature AveKD and Avekd.

Discussion
In the current study we sought to understand 1) the response displayed by puri�ed IgG anti-Jo1 autoantibodies derived from serum towards HisRS-FL, one
HisRS splice variant and single HisRS domains as well as IgG and IgA reactivity in paired serum and BALF towards the same protein variants; 2) possible
associations between clinical manifestations and the pattern of anti-HisRS reactivity in circulation and in BALF both at the time of diagnosis and during the
disease course; and 3) the a�nity pro�le of anti-Jo1 autoantibodies against HisRS.

In our study we could demonstrate that puri�ed IgG anti-Jo1 autoantibodies in sera from a time close to diagnosis of IIM/ASS exhibited high and multiple
reactivities against the HisRS-FL, splice variant and domains, with a particularly strong reactivity against the WHEP domain and the HisRS-FL. A similar
reactivity pattern to the different HisRS variants was observed in most anti-Jo1 positive patients. The ELISA results were con�rmed by WB indicating that anti-
Jo1 antibodies recognize both conformation-dependent (ELISA) and -independent epitopes (WB). In BALF the highest reactivity of both IgG and IgA anti-Jo1
autoantibodies was also directed towards the HisRS-FL and when compared to matched serum samples there were no signs of anti-Jo1 autoantibody
enrichment in BALF.

Despite the overall similar antibody reactivity to the versions of the HisRS antigen seen in our patient cohort, we observed differences in clinical
manifestations associated with the different levels of reactivities to the HisRS-FL antigen at the time of diagnosis. Thus, patients with high IgG serum levels
towards HisRS-FL at diagnosis were more likely to ever present with ILD and arthritis, but less likely to have skin rash compared to patients with low to
moderate anti-HisRS-FL IgG levels or anti-Jo1 negative. Furthermore, IgG anti-WHEP reactivity in BALF correlated with poor pulmonary function. These
observations were further strengthened by applying an unbiased multivariate statistical analysis. The signi�cant correlation between antibody reactivity
(especially anti-WHEP) in the BALF at diagnosis and poor pulmonary function together with BALF in�ammatory content (e.g. eosinophils, alveolar
macrophages, and CD4/CD8 ratio), supports our hypothesis of an association between autoantibody reactivity towards the WHEP domain and lung
involvement in IIM/ASS.

Anti-Ro52 antibodies, which have been reported to be associated with more severe ILD when present in serum together with anti-Jo1 antibodies (30–32), were
more prevalent in the group of patients with higher anti-HisRS-FL reactivity. An unexpected �nding in our study was that patients with low to moderate anti-
HisRS-FL reactivity presented with worse pulmonary function (lower FEV and TLC%). Maybe this could be attributed to the signi�cantly higher proportion of
patients being ever smokers in this sub-group.

In the IgG puri�ed from sera, the highest anti-HisRS reactivity levels were recorded before and at the time of diagnosis, and generally decreasing thereafter. In
addition, IgG against HisRS-FL displayed high a�nity already at diagnosis. The reactivity to HisRS-FL remained high, up to three years post-diagnosis,
whereas the antibody response to the splice variant and HisRS domains decreased within the �rst year after diagnosis. This observation could explain why a
consistent group of patients with IIM/ASS do not enter remission despite immunosuppressive treatment. Thanks to the access to longitudinal serum samples
and clinical data collected at the same time points, we could observe that, despite some exceptions, reactivity levels towards HisRS-FL changed over time
consistently with the degree of lung disease activity. In fact, longitudinal levels of anti-HisRS-FL increased in line with ILD progression and decreased when
recording an improvement of ILD. Taken into consideration the low number of anti-Jo1 positive patients, this might suggest that anti-Jo1 antibodies could
serve not only as diagnostic marker of ASS, but also supports a role of anti-Jo1 autoantibodies in the pathogenesis of ILD in this subset of IIIM/ASS. However,
functional studies are needed to con�rm this hypothesis. Even though the WHEP domain appears to account for the main reactivity displayed by HisRS, the
persistent high anti-HisRS-FL antibody levels over the disease course together with the simultaneous reduction in the antibodies reactivity against the tested
HisRS domains and splice variant, suggests that antigenic regions other than the WHEP domain might be present (15) or develop at a later stage.

The administration of rituximab did not result in a homogenous reduction of anti-HisRS reactivity towards the different variant/domains or the full-length
protein. This is in contrast to the results from the rituximab in myositis (RIM) trial (33), although differences in methods and time point analysis should be
considered when interpreting the results. The persisting anti-HisRS reactivity after rituximab treatment could be explained by the known lack of depletion of
memory B cells and plasma cells after rituximab infusion and can contribute to the chronicity of disease and the relapsing disease course seen in many
patients with anti-Jo1 autoantibodies (34).

WB experiments were performed to address whether, in addition to the binding of naturally occurring folded HisRS variants, anti-Jo1 antibodies could also
recognize non-conformational epitopes within HisRS. The folding of the proteins in ELISA plates was assumed since they were added in native conditions. In
addition, to reduce the binding of HisRS proteins directly to the plate and hence also avoiding the risk to unfold the protein, we purposefully produced HisRS
variants that retain their native folding and employed a biotinylated Avi-tag that binds to streptavidin coated plates. For the WB experiments, the proteins were
added under denatured conditions, thus assuming an unfolded conformation. In line with previous studies (13, 16), our results show that anti-Jo1 antibodies
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bind conformational independent epitopes, as well as conformational-dependent, with no apparent differences among antibodies available at diagnosis or
during follow-up under treatment. Among the �ve HisRS constructs tested, all denatured HisRS fragments (non-conformational) were recognized by IgG anti-
Jo1 antibodies with the exception of the CD, which could not be detected by WB (17). This could be because the antigenic reactivity of the CD is dependent on
the 3-dimensional structure of the domain, whereas within the other domains the autoantibodies recognize both structural as well as linear epitopes.

In this study we have also developed a method to measure an average a�nity of autoantibodies against HisRS-FL, using SPR. Strikingly, the majority of anti-
Jo1+ patients presented anti-HisRS-FL antibodies with a high-a�nity pro�le already at the time close to diagnosis. Recently, another study showed that
individual anti-Jo1 monoclonal antibodies, selected based on somatic hypermutation using single cell isolation and sequencing, also displayed a�nities from
low nM KD and below (35). Also, in patients with RA, high a�nity circulating autoantibodies (targeting the citrullinated peptide Cit573) have previously been
observed (36). Of note, considering that the average a�nity is the component being measured, there are some facts to take into consideration; �rstly, the
analyzed total IgG samples are polyclonal, thereby likely containing a mixture of speci�c anti-Jo1 autoantibodies of different a�nities, most likely present in
very different concentrations. Here, an average a�nity is measured, and the binding pro�le of an individual antibody clone within a polyclonal mix may be very
different to what we report. For example, it is possible that high a�nity antibodies in the sample mask low a�nity antibodies. Secondly, the antigen HisRS-FL
is a homodimer and this may give rise to an avidity effect, i.e. an apparent increase in a�nity. Despite these complicating factors, the analysis was made
using the prede�ned 1:1 Langmuir binding model to get comparable values among the patient samples. Considering the generally high reactivity against all
HisRS domains at diagnosis observed in this study, in combination with the fact that high a�nity autoantibodies were retrieved from patients with a recent
diagnosis of IIM/ASS, one can speculate that a�nity maturation of anti-HisRS antibodies through somatic hypermutation together with epitope spreading
have already happened before onset of speci�c symptoms, ultimately leading to diagnosis of IIM/ASS. To con�rm this hypothesis, further studies aiming at
characterizing anti-Jo1 antibodies before clinical diagnosis are warranted.

A limitation of our study is the use of the Bohan and Peter criteria for classi�cation of IIM as the EULAR/ACR classi�cation criteria (37) for adult and juvenile
IIM were not published at the time of patient inclusion. Another limitation is the low number of anti-Jo1+ patients (n = 19). However, since we aimed for an in-
depth characterization of anti-Jo1 autoantibodies (29), the current study design was a feasible approach. A strength of our study is that the antibody
reactivities were analyzed in puri�ed IgG which would diminish interference of other factors in sera that could in�uence antigen binding. In addition, this was
later con�rmed to be necessary since some of the reactivities detected using puri�ed IgG from sera, could not be found when using sera. Furthermore, paired
BALF-serum samples as well as available longitudinal sera in the anti-Jo1+ group with clinical data strengthened our observations. Even with the low number
of patients included, the results are consistent with a high IgG and IgA reactivity towards the HisRS-FL protein as well as towards the WHEP domain and SV at
diagnosis (both in circulation and in the lung) as well as a solid report on the high a�nity pro�le of IgG anti-Jo1 autoantibodies.

Conclusions
In conclusion, anti-Jo1 autoantibodies of IgG and IgA subclasses from patients with IIM/ASS bind multiple HisRS conformation-dependent and -independent
epitopes, already at the time of diagnosis of IIM/ASS and both systemically and locally in the lung. We con�rm that the WHEP domain contains the major anti-
Jo1 autoantibody epitope(s) which is strongly overrepresented among anti-Jo1 autoantibodies in circulation and BALF. In addition, we report that anti-HisRS-
FL IgG autoantibodies exhibit a high a�nity pro�le already at diagnosis, and further show that high anti-HisRS-FL antibody levels in circulation correlate with
ILD and arthritis but not with skin and muscle involvement. Our longitudinal results also suggest that anti-HisRS-FL antibody levels could be used as
prognostic biomarker for ILD activity in patients with IIM/ASS. Taken together, our data supports the hypothesis that the lung might be a site where aberrant
immune activation against HisRS primarily occurs, leading to a systemic in�ammatory condition, the anti-synthetase syndrome, with ILD as the main clinical
manifestation.
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Figure 1

Anti-Jo1 autoantibodies display high reactivity against HisRS full-length/variant/domains at IIM/ASS diagnosis. (A) Schematic �gure of HisRS versions used
in the experiments. (B) The reactivity towards HisRS-FL, WHEP, CD, ABD, and SV as conformational epitopes was measured by ELISA in IgG puri�ed from
serum of 19 anti-Jo1+, 25 anti-Jo1-, and 24 healthy controls (HC). High reactivity (OD 450 nm) corresponds to strong blue color. (C) Anti-HisRS reactivity
(ng/mL concentration) of anti-Jo1+ total IgG against HisRS-FL, WHEP, CD, ABD, and SV. Antibody titers were calculated using a standard curve (Supplementary
Figure 3B) and titers were measured in the linear range between 5 and 100 ng/mL. Median values for each antigen are indicated by the red line. (D) Anti-Jo1
reactivity against denatured HisRS antigens was addressed by WB in IgG puri�ed from serum of 12 representative anti-Jo1+, 1 anti-Jo1-, and 1 HC. Strong
band intensity denotes higher anti-Jo1 reactivity. Arrows indicate the molecular weight of the different HisRS variants (Supplementary Table 2, Supplementary
Figure 1). Some patients also showed an additional band, corresponding to the HisRS dimer. Kruskal-Wallis test in (B) was applied. P<0.05 was assumed as
signi�cantly different.
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Figure 2

Reactivity of serum and BALF-derived anti-Jo1 antibodies. (A, C) Anti-Jo1 IgG and (B, D) IgA reactivity in BALF and paired serum were measured by ELISA in 6
anti-Jo1+ patients. Autoantibody levels were normalized to total values of IgG and IgA (Y-axis). Friedman’s tests corrected for multiple comparisons by Dunn’s
test was applied. P<0.05 was assumed as signi�cantly different. No signi�cant differences were found in (A).
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Figure 3

Reactivity of anti-Jo1 autoantibodies towards HisRS variant and domains decreases over time but remains high against HisRS-FL. (A) Reactivity against
HisRS-FL, -splice variant (SV), and -domains (WHEP, CD and ABD) displayed by total IgG puri�ed from the �rst available anti-Jo1+ sera close to diagnosis (T =
-0.25 – 0 years), T=0.1-1, T=1.1-2, and T=2.1-3 years after diagnosis. Additional graphs displaying anti-Jo1 reactivity against HisRS-FL, variant, and domains
are displayed in Supplementary Figure 7 upper panel. (B) Anti-Jo1 reactivity of 6 anti-Jo1+ patients (P2, P6, P7, P11, P16, P17) displayed by total IgG puri�ed
from sera collected longitudinally. Y-axis represents anti-Jo1 antibody levels against HisRS, measured in the total IgG fraction isolated from anti-Jo1+ IIM/ASS
sera. X-axis represents disease duration in years. Grey italic sentences provide information on rituximab introduction and/or follow-up on interstitial lung
disease. Concentration (ng/mL) of anti-Jo1 antibodies was calculated based on a standard curve derived from anti-Jo1 IgG isolated from a sera pool of 38
anti-Jo1+ IIM/ASS individuals, titers were measured in the linear range between 5 and 100 ng/mL (Supplementary Figure 3B (29)). The letter P (Patient)
followed by a number in each graph represents an anti-Jo1+ IIM/ASS individual.
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Figure 4

IIM/ASS patients diagnosed with ILD and arthritis and less skin involvement harbor more reactive anti-Jo1 autoantibodies. (A-B-C-D-E) Percentage of IIM/ASS
patients distributed according to anti-HisRS full-length (HisRS-FL) reactivity levels, clinical diagnosis and clinical manifestations. The anti-HisRS-FL reactivity
displayed was measured in total anti-Jo1+ IgG puri�ed from serum. Numbers on top of the bars represent the percentage of patients in the group. HisRS-FL-,
anti-Jo1 IIM/ASS negative patients; Anti-HisRS-FL+ +, anti-Jo1 IIM/ASS positive patients with low to moderate reactivity (0.5 – 100 ng/mL); Anti-HisRS-FL+ ++,
anti-Jo1 IIM/ASS positive patients with high HisRS reactivity (> 100 ng/mL). Antibody titers were calculated from OD (450 nm) using the standard curve in
Supplementary Figure 3B. IIM, idiopathic in�ammatory myopathies; ILD, interstitial lung disease; ASS, anti-synthetase syndrome. Statistical differences among
groups are displayed in Supplementary Table 3.
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Figure 5

Multivariate data analysis shows a strong correlation between anti-Jo1 autoantibody reactivity pro�le, ILD and arthritis, and poor pulmonary function. (A)
Principal component analysis (PCA) scores plot of the baseline data obtained from the patients (cohort 1, n=44) which demographics are listed in Table 1. (B)
Shared and Unique Structures (SUS) plot obtained from two OPLS-DA models: 1) distinguishing the patients according to anti-Jo1 status (predictive
component: R2=0.73, Q2=0.59), and 2) distinguishing the patients according to ILD status (predictive component: R2=0.74, Q2=0.60). The data processed is
the same as in the PCA plot in cohort 1 (A). The factors that correlated most strongly with anti-Jo1+/ILD+ as well as anti-Jo1-/ILD- are highlighted. (C) PCA
scores plot of the baseline data obtained from the patients (cohort 2, n=10) which demographics are listed in Supplementary Table 1. (D) Shared and Unique
Structures (SUS) plot obtained from two OPLS-DA models: 1) distinguishing the patients according to Jo1 status (predictive component: R2=0.86, Q2=0.61)
and 2) distinguishing the patients according to ILD status (predictive component: R2=0.76, Q2=0.43). The data processed is the same as in the PCA plot of
cohort 2 in (C).
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Figure 6

A�nity binding pro�les against HisRS-FL for IgG puri�ed from sera at �rst available sample close to diagnosis measured by SPR in single cycle kinetics mode.
Sensorgrams showing the obtained signal in response units (RU, y-axis) over time (seconds, s, x-axis) from four representative patients (P1, P5, P9, and P17).
(A) Three patients did not show any binding in SPR, as indicated by a �at line (same observation for P4 and P13, data not shown). (B) P9 is an example of a
patient having a biphasic off-rate (Avekd). This sort of heterogeneity was also observed for 6 other patients (P3, P7, P11, P12, P16, and P18). (C, D) A slower
and more homogenous off-rate (Avekd < 0.0005 s-1) was observed for P5 and P17 (as well as P2, P8, P14, P15, P19), representing the other group (n=7) of
patients. The biphasic binding pro�les observed in approximately half the patients (n=7) could be explained by an avidity effect caused by the dimeric form of
the antigen but can also be the result of the polyclonal nature of the patient sample and, thus, containing antibodies of different off-rates. Red lines represent
the measured data values and dashed black lines represent the �t of the curve using 1:1 Langmuir binding model. To distinguish the average values reported
herein from traditionally reported a�nity (KD) and dissociation rate constants (kd), we use the nomenclature AveKD and Avekd.
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