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Abstract: Pulmonary hypertension (PH) is a serious condition linked to immune-system
dysfunction. Myositis-specific/associated antibodies (MSA/MAA) play a role in idiopathic
inflammatory myopathy (IIM) and interstitial lung disease (ILD), but their significance in PH
remains unclear. We believe the presence of these antibodies, may be underestimated. This study
analyzed adult PH patients without pre-existing IIM for MSA/MAA prevalence using a line-blot
assay. We compared PH patients with and without ILD signs to a cohort clinically suspected of
IIM/ILD (n=558). Our PH cohort (n=121) showed a significantly higher prevalence of overall weak
positive MSA/MAAs and positive overlap syndrome-associated MA As than the suspected IIM/ILD
group (p<0.001). Notably, MSA/MAAs were found in PH patients both with and without ILD,
though more prevalent in those with ILD. Anti-synthetase and anti-overlap syndrome antibodies
were the most common. Our study is the first to systematically show a high MSA/MAA prevalence
in PH without IIM presentation. This highlights the need to consider PH when diagnosing
MSA/MAA-associated conditions. We recommend MSA/MAA screening for newly diagnosed PH,
especially in those with ILD, for early detection and potential immunomodulatory treatment.
Further research should explore the link between MSA/MAAs and PH, and the value of monitoring
patients with weak MSA/MAA positivity over time.

Keywords: pulmonary hypertension; myositis specific antibodies; myositis associated antibodies;
immunology; auto-antibodies

1. Introduction

Pulmonary hypertension (PH), a severe condition with high morbidity and mortality,
significantly impacts patients' quality of life [1]. Elevated pressure within the pulmonary vasculature
leads to right-sided heart failure and potential death. Vascular remodeling within the pulmonary
arterioles is a hallmark of pre-capillary PH, while post-capillary PH arises from changes in the venous
vasculature often diagnosed in patients with left-sided heart disease. Right heart catheterization
(RHC) distinguishes these subtypes. PH is a hemodynamic diagnosis and has diverse etiologies. This
is illustrated by the fact that the World Health Organization (WHO) has classified PH into five
different clinical subtypes, indicating similarities in pathobiology, although overlap between classes
remains [2]. Immune dysregulation plays a critical role in the pulmonary vascular and interstitial
changes underlying PH [3]. This is best exemplified by the increased risk of developing pulmonary
arterial hypertension (PAH) among patients with systemic autoimmune diseases, like systemic
sclerosis (55c) and systemic lupus erythematosus (SLE), which are grouped as WHO type 1 PH and
subclassified as connective tissue disease (CTD)-PAH [4]. Importantly, immune involvement extends
to idiopathic PAH (IPAH). Different immunological pathways that initiate or maintain the
vasculopathy and vascular remodeling of IPAH have been elucidated [3,5-14]. Polarization of innate
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immune cells into pro-fibrotic subtypes, peri-vascular inflammation with extensive lymphocyte
involvement, and association with autoimmunity by the presence of auto-antibodies against
endothelial cells (AECAs) that influence vascular stromal cells contribute to endothelial activation
and may propagate vascular remodeling in PAH [3,8-12,15-18]. However, whether these immune-
mediated vascular changes may precede or contribute to the development of interstitial lung disease
(ILD) remains a topic of investigation [19].

Although PH is associated with connective tissue diseases (CTDs), it is rarely observed in
idiopathic inflammatory myopathy (IIM), a condition characterized by myositis, ILD, and myositis-
specific/associated antibodies (MSA/MAAs) [20-25]. The prevalence of MSA/MAAs in PH patients
remains unclear, with reported rates varying widely. For instance, the prevalence of anti-synthetase
antibodies can vary widely, ranging from 8% to as high as 29% [26,27]. However, it's important to
note that methodological differences in studies can significantly impact this reported percentage.
When PH occurs in patients with IIM, it is often accompanied by extensive end-stage ILD. The
presence of PAH in patients with IIM without ILD is very rare. The involvement of immune-mediated
vascular remodeling is likely to contribute to the pathogenesis, but much remains unknown due to
its rarity. Vice versa, a large PAH cohort study screened 5223 patients for IIM, which yielded only 34
cases. Most of these had severe ILD, with only three patients having isolated PAH [28]. PH is
currently not included in the diagnostic criteria of IIM, although mild PH may occur during more
severe stages of ILD, classified under WHO type 3 [21,22,27-31].

In our expertise referral clinic, we questioned whether MSA/MAAs are prevalent in patients
presenting with PH but who had not been recognized as patients with an underlying systemic
autoimmune disease and who had not been treated as such. We analyzed a cohort of pre-capillary
and combined pre- and post-capillary PH patients for the presence of MSA/MAAs. Because PH can
develop in patients after or alongside pulmonary interstitial changes, often diagnosed as ILD, we also
stratified our cohort based on the presence of pulmonary interstitial changes on radiological imaging
suggestive of ILD. We hypothesize that MSA/MAAs are more prevalent in PH than currently
suggested, especially in PH patients with ILD.

2. Materials and Methods

2.1. Patient Selection

A retrospective cohort study was performed on adult patients who were diagnosed with PH in
the past 20 years at the Maastricht University Medical Center (MUMC+) according to the diagnostic
criteria at the time, with a mPAP > 25mmHg, a PVR =3 Wood Units assessed by RHC. Patients with
combined pre- and post-capillary PH were also included. Patients with congenital heart disease,
pulmonary veno-occlusive disease, and porto-pulmonary hypertension were excluded. Patients who
were already diagnosed with an IIM were also excluded. PH patients underwent clinical evaluation
by a clinical immunologist who performed immunological diagnostics accordingly to evaluate the
presence of a systemic immunological disease. Clinical characteristics were assessed and analyzed at
the time of diagnosis of PH, including WHO type of PH, New York Heart Association (NYHA) class,
hemodynamics measured by RHC, pulmonary function tests, 6-minute walking test ((MWT) and
laboratory parameters, like N-terminal-pro-brain natriuretic peptide (NT-pro-BNP) and C-reactive
protein (CRP). To determine the underlying cause of pulmonary hypertension (PH), all patients
underwent high-resolution computed tomography (HRCT) as part of the diagnostic workup. Patients
were stratified into the PH with ILD group when signs of pulmonary interstitial changes were
present. To compare the prevalence observed in our PH cohort, routine clinical data were collected
from patients suspected to have IIM (n=558) and, hence, were tested for MSA/MAA. Obviously, in
these patients, a diagnosis of IIM might be made or rejected. The clinical suspicion of IIM in these
patients was established based on signs of myositis, like elevated creatine kinase (CK), proximal
muscle weakness, muscle biopsy, electromyography, and/or typical skin lesions, with or without the
presence of ILD. This study complies with the Declaration of Helsinki and was performed according
to the local ethics committee’s approval.
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2.2. Determination of Antibodies

Antibodies were detected in serum using a line-blot assay (EUROLINE Autoimmune
Inflammatory Myopathies, EUROIMMUN, Lubeck, Germany). The assay identified MSA antibodies
against Jo-1, E], OJ, PL-7, PL-12 (anti-synthetase antibodies), Mi-2«, Mi-23, TIF1-y, MDA5, NXP2, and
SAE1 (dermatomyositis antibodies) and MAA antibodies against Ku, PM/Scl-75 and PM/Scl-100
(overlap syndrome antibodies). A patient was considered positive for Mi-2 and PM/Scl antibodies if
they tested positive for any subtype. In cases of both positive and weak positive results, the highest
result was used to determine overall positivity. Data of Ro52 reactivity was excluded from our
analysis. The immunoblot strips were analyzed with the EUROLINE Scan software (EUROIMMUN,
Lubeck, Germany) according to the manufacturer’'s recommendations for the EUROLINE
Autoimmune Inflammatory Myopathies line blot assay. Strips were scored as negative, weak positive
and positive, which corresponds with intensity levels of respectively 0-10, 11-25 and >25 [32].
Antibody reactivity on a positive and weak positive intensity level was separately evaluated. A
patient is considered positive for MSA/MA As if at least one antibody reveals a reactivity >25; or weak
positive if at least one antibody reveals a reactivity of 11-25, but none >25; all other patients are
considered negative. Prevalence of MSA/MAA in our comparative cohort, as well as in healthy
cohorts from the literature, was used for comparison [23,33,34].

2.3. Statistical Analysis

Categorical characteristics were expressed as numbers and percentages. Numerical data were
expressed as mean and standard deviation (SD) or median and interquartile range (IQR) based on
normal distribution estimated by Shapiro/Wilk test and data visualization. Statistics were performed
using the Chi-Square and Fisher’s Exact tests, respectively. The statistical analysis was performed by
software IBM SPSS version 24.0. A p-value less than 0.05 was considered as statistically significant.
Figures were made with R version 4.0 and GraphPad Prism version 9.5.0.

3. Results

3.1. Study Population

This study analyzed data from 269 patients with pulmonary hypertension (PH) registered in the
MUMC+ PH database. Of these, 121 patients met the inclusion criteria and underwent myositis blot
testing (Figure 1). The study cohort (n=121) had a median age of 68 years (61.5-73.0) and was 57.9%
female. Patients were classified according to the World Health Organization (WHO) system: 55
(45.5%) as WHO type 1 PAH, 9 (7.4%) as WHO type 2 (underlying heart disease with significant pre-
capillary PH component), 35 (28.9%) as WHO type 3 (underlying pulmonary disease), 18 (14.9%) as
WHO type 4 CTEPH, and 4 (3.3%) as WHO type 5 (multifactorial etiologies). The median follow-up
duration was 4.2 years (2.2-6.0). Baseline characteristics for this cohort are summarized in Table 1.
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Figure 1. Flow chart for inclusion and exclusion of PH patients. PAH, pulmonary arterial hypertension;
LFU, lost to follow up; PVR, pulmonary vascular resistance; WU, wood units; IIM, idiopathic inflammatory
myopathy; PPH, porto-pulmonary hypertension; CHD, congenital heart disease; MSA, myositis specific
antibodies; MAA, myositis associated antibodies.

Table 1. Demographic, clinical characteristics and laboratory features of the study population.

PH patients PH without ILD PH with ILD P value
(n=121) (n=86) (n=35)

Gender, female (%) 70 (57.9%) 56 (65.1%) 14 (40.0%) 0.011
Age, y 68.0 (61.5;73.0) 69.0 (62.0;72.8) 68.0 (59.0;74.0) 1.000
BMI, kg/m? 28.7 (24.3;33.2) 29.9 (24.7;34.1) 26.3 (23.1;28.7) 0.002
Total follow up time, y 4.2 (2.2;6.0) 4.1(2.3;6.4) 2.8 (1.3;5.8) 0.208
NYHA I-11 (%) 52 (43.0%) 39 (45.3%) 13 (37.1%) 0.408
NYHA 11I-1V (%) 69 (57.0%) 47 (54.7%) 22 (62.9%) 0.408
6MWT, m 330+ 130 337+125 299 +131 0.429
NT-pro BNP, pmol/L 163 (41;340) 132 (40;315) 184 (82;449) 0.498
CRP, mg/L 3 (2;11) 3(2;9) 4(2;20) 0.408
Baseline right heart catheterization
mPAP, mmHg 40.1+9.4 40.5+10.1 39.1+8.9 0.530
Capillary wedge pressure, mmHg 12.0 (8.0;14.5) 12 (7.3;14.8) 10 (8.0;13.0) 0.857
PVR, dynes/sec/cm™ 425 (342;576) 432 (338;579) 421 (340;622) 0.981
Baseline pulmonary function
FEV% 74.8+20.4 70.8+20.9 78.3+21.1 0.050
FVC% 86.9+16.8 85.5+17.9 85.8+£22.8 0.567
TLC% 87.0+18.3 90.3+18.5 77.5+20.7 0.003
KCO% 55.0 (41;74) 66.0 (48;83) 42.0 (33;49) <0.001
WHO classification (1-5) 55/9/35/18/4 39/8/19/18/2 16/1/16/0/2
Connective tissue disease 10 15 <0.001
Systemic Sclerosis 12 4 8 0.005
Systemic Lupus Erythematosus 4 2 2 0.578
MCTD 4 1 3 0.072
Rheumatoid arthritis 2 2 0 1.000
Sjogren syndrome 1 1 0 1.000
Dermatomyositis 1 0 1 0.289
Sarcoidosis 1 0 1 0.289

Count (percentage), mean * standard deviation, or median (interquartile range) were given, as appropriate. P-
values were calculated using Chi-square / Fisher’s exact test, analysis of variance, or Kruskal-Wallis test,
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respectively. ILD, interstitial lung disease (stratification based on radiological imaging); BMI, body mass index;
NYHA, New-York Heart Association; 6MWT, six-minute walking test; NT-pro BNP, N-terminal pro brain
natriuretic peptide; CRP, C-reactive protein; mPAP, mean pulmonary arterial pressure; PVR, pulmonary
vascular resistance; FEV%, forced expiratory volume %; FVC%, forced vital capacity %; TLC%, total lung
capacity %;KCO, corrected carbon mono-oxide transfer coefficient; WHO, world health organization; MCTD,

mixed connective tissue disease.

3.2. Cardiopulmonary Characteristics

Baseline hemodynamics confirmed PH, with a mean mPAP of 40.1 + 9.4 mmHg. Median PAWP
was 12 mmHg (8-14.5 mmHg), and median PVR was 425 dynes/sec/cm-5 (342-576 dynes/sec/cm-5).
Exercise capacity was impaired, with a mean 6-minute walk distance (6MWD) of 330 + 130 m. Most
patients (57%) were in NYHA functional class III/IV. Table 1 provides additional cardiac and
hemodynamic data. Pulmonary function testing revealed a mean forced expiratory volume in one
second (FEV1) of 74.8% =+ 20.4% predicted, a mean forced vital capacity (FVC) of 86.9% = 16.8%
predicted, and a mean total lung capacity (TLC) of 87.0% * 18.3% predicted. The median diffusing
capacity of the lungs for carbon monoxide (KCO) was reduced at 55% predicted (41-74%). Significant
differences in TLC and KCO were observed between PH patients with and without ILD on imaging
(p=0.003, p<0.001, Table 1). Radiological imaging revealed interstitial changes in 35 patients (38.9%).
The distribution of HRCT ILD patterns is shown in Table 2. Systemic sclerosis was five times more
prevalent in the PH with ILD group (p=0.005).

Table 2. ILD patterns on HRCT in PH patients (n=35).

ILD Pattern (n=35)
NSIP 10 (28.6%)
UIP 5(14.3%)
RB-ILD 2 (5.7%)
CPFE 1(2.9%)
Nodular 1(2.9%)
Reticular 4(11.4%)
Subpleural 3 (8.6%)
Aspecific 9 (25.7%)

NSIP, non-specific interstitial pneumonia; UIP, usual interstitial pneumonia; RB-ILD, respiratory bronchiolitis-
interstitial lung disease; CPFE, common pulmonary fibrosis and emphysema.

3.3. Prevalence of Myositis-Specific Antibodies (MSA) and Myositis-Associated Antibodies (MAA) in PH
Patients

In the PH cohort (n=121), 16 patients (13.2%) had at least one positive MSA/MAA, while 26
patients (21.5%) had no positive but at least one weak positive MSA/MAA (Table 3). In this cohort in
total 17 positive and 44 weak positive reactivities were observed (Table 4). Distribution of single and
multiple MSA/MAA (weak)positivity is depicted in Figure 2.

We compared total MSA/MAA prevalence, grouped by associated clinical myositis syndromes,
to a cohort of suspected IIM/ILD patients. This revealed a significantly higher prevalence of total
weak positive (36.4%, n/N=44/121) MSA/MAAs in the PH cohort when compared with weak positive
MSA/MAAs (19.2%, n/N=107/558, p<0.001) in the suspected IIM/ILD cohort (Figure 2a). No
significant difference was observed when the prevalence of positive MSA/MAAs in the PH cohort
(14.0%, n/N=17/121) was compared with the suspected IIM/ILD cohort (9.3%, n/N=52/558, p=0.222)
(Figure 2a).

Specifically, the PH cohort did not demonstrate a significant difference in the prevalence of
positive anti-synthetase syndrome-associated MSAs (5.0%, n/N=6/121 vs. 2.9%, n/N=16/558, p=0.25)
in suspected IIM/ILD). However, weak positive anti-synthetase syndrome-associated MSAs were
significantly more prevalent in the PH cohort (14.0%, n/N=17/121 vs. 6.8%, n/N=38/558 in suspected
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IIM/ILD, p=0.008) (Figure 2b, c). Positive dermatomyositis-associated MSAs were less prevalent in
the PH cohort (0.8%, n/N=1/121) compared to the suspected IIM/ILD cohort (4.5%, n/N=25/558,
p=0.058). However, weak positive dermatomyositis-associated MSA/MAAs were more prevalent in
the PH cohort (14.9%, n/N=18/121 vs. 6.8%, n/N=38/558 in suspected IIM/ILD, p=0.011) (Figure 2b, c).
The prevalence of positive overlap syndrome-associated MSA/MAAs was significantly higher in the
PH cohort (7.4%, n/N=9/121) in comparison with the suspected IIM/ILD cohort (1.8%, n/N=10/558,
p<0.001). No significant difference was observed in the prevalence of weak positive overlap
syndrome-associated MSA/MAAs (3.3%, n/N=4/121 in PH vs. 3.6%, n/N= 20/558 in suspected
IIM/ILD, p=0.783) (Figure 2b, c).

Bl 23.81% 1 pos

[ 2.38% 2 pos

[ 9.52% 1 pos + 1 wpos
[ 2.38% 1 pos + 2 wpos
[ 45.24% 1 wpos

B 11.90% 2 wpos

Bl 2.38% 4 wpos

[ 2.38% 5 wpos

Figure 2. Distribution of single and multiple (weak) positivity of MSA and MAA antibodies in PH
patients (n=121).

Table 3. Distribution of single and multiple (weak) positivity of MSA and MAA antibodies in PH
patients with or without ILD.

PH patients PH without ILD PH with ILD p-value
(n=121) (n=86) (n=35)
Negative 79 (65.3%) 60 (69.8%) 19 (54.3%) 0.105
> 1 positive antibody 16 (13.2%) 5(5.8%) 11 (31.4%) <0.001
> 1 weak positive antibody 26 (21.5%) 21 (24.4%) 5(14.3%) 0.329

Table 4. Prevalence of MMA/MSA antibodies in PH patients (n=121).

MSA/MAA (n =121) Positive Weak positive

ol 1 (0.8%) 2 (1.6%)

] 1(0.8%) 0
PL-7 3 (2.5%) 11(9.1%)
PL-12 0 3(2.5%)
SRP-1 1 (0.8%) 5 (4.1%)
Jo-1 1(0.8%) 1(0.8%)
SAE-1 0 4 (3.3%)
MDA-5 0 8(6.6%)

NXP-2 0 0
Tif-1y 0 1(0.8%)
Mi-2 1(0.8%) 5 (4.1%)
PM/SCL 6 (5.0%) 2 (1.6%)
Ku 1 (0.8%) 2 (1.6%)

Prevalence of myositis specific antibodies (MSA) and myositis associated antibodies (MAA) in PH
patients with or without radiological signs of ILD

We stratified the PH cohort based on the presence or absence of interstitial changes on imaging
and MSA/MAA findings (Table 3). The PH with ILD group had a significantly higher prevalence of
patients with at least one positive MSA/MAA (n/N=11/35; 31.4%) compared to the PH without ILD
group (n/N=5/86; 5.8%, p<0.001). The prevalence of patients with >1 weak positive, but no positive,
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MSA/MAA did not differ significantly between the two groups. See Table 4 and Appendix for multi-
antibody positivity, distribution, antigen specificity, and antibody prevalence per patient (Table A1).

The total prevalence of positive MSA/MA As was significantly higher in the PH with ILD cohort
(34.3%, n/N=12/35) compared to the PH without ILD cohort (5.8%, n/N=5/86, p<0.001) (Figure 3d).
This was also significantly higher when compared to the suspected IIM/ILD cohort (9.3%,
n/N=52/558, p<0.001). The total prevalence of weak positive MSA/MAAs was significantly higher in
the PH without ILD cohort (43.0%, n/N=37/86) compared to the PH with ILD cohort (20.0%, n/N=7/35,
p=0.005) (Figure 3d).
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Figure 3. Percentages of positive and weak positive antibodies with MSA/MAA grouped by
association with disease in the PH with and without ILD and the suspected IIM/ILD cohort. a) Total
positive and weak positive MSA/MAA in the PH cohort (n=121) and suspected IIM/ILD patients (n=558). b)
positive MSA/MAA in PH and suspected IIM/ILD patients. c) weak positive MSA/MAA in PH and suspected
IIM/ILD patients. d) Total positive and weak positive MSA/MAA in PH with (n=81) / without (n=35) ILD
patients. e) positive MSA/MAA in PH with/without ILD patients f) weak positive MSA/MAA in PH
with/without IL patients. MSA/IMAA were grouped as follows: anti-synthetase (Jo1, O], PL7, PL12, EJ),
dermatomyositis (Mi2, NXP2, SAE1, MDAS, Tifly), CTD overlap syndrome (Ku, Pm/Scl). Significance is
depicted with * (<0.05), ** (<0.02) and ***(<0.001).

No significant difference was observed when the prevalence of positive anti-synthetase
syndrome-associated MSAs was compared between the PH with and without ILD patients. Positive
overlap syndrome-associated MAAs were significantly more prevalent in the PH with ILD cohort
(17.1%, n/N=6/35) compared to the PH without ILD cohort (3.5%, n/N=3/86, p=0.017) (Figure 3e). No
significant difference was observed when the prevalence of weak positive anti-synthetase syndrome-
associated, dermatomyositis-associated, and overlap syndrome-associated antibodies were
compared between PH patients with or without ILD.

4. Discussion

This is the first study to systematically assess MSA/MAA prevalence in a large PH cohort. We
observed a significantly higher prevalence of positive MSA/MAAs in PH patients with radiological
signs of ILD and weak positive MSA/MAAs in PH patients without radiological signs of ILD
compared to a cohort with suspected IIM/ILD, who were specifically tested for the presence of these
autoantibodies. Notably, MSA/MA As were detected in PH patients both with and without interstitial
abnormalities on HRCT, although positivity tended to be weaker in the absence of radiographic ILD.
We employed established nomenclature for clinical associations, with anti-synthetase and anti-
overlap syndrome antibodies being the most frequently detected [20]. Importantly, patients in this
study were referred to our PH clinic without prior diagnosis or treatment for immune-mediated
inflammatory myopathies or ILD and lacked signs of myositis at presentation. These findings suggest
that PH should be considered within the diagnostic criteria for MSA/MA A-associated diseases.

Previous studies report varying MSA/MAA prevalence in healthy controls. Ghirardello et al.
showed a prevalence of 28.6% of MSA/MAA in healthy controls [23]. However, Ro52 was included
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and was positive in 73.4% of the MSA/MAA positive cases. Besides, assay results were positive 211
AU. Vulsteke et al. showed MSA/MAA positivity of 3/40 (7.5%) in blood donors; however, cut-off
values were not mentioned [33]. Espinosa ef al. showed MSA/MAA positivity of 3/60 (5%) in healthy
controls; however also, cut-off values of 211AU were used [34]. Prior studies in IIM or ILD patients
demonstrate a variable MSA/MAA prevalence. One study showed a prevalence of 27% MSA/MAA
positivity in ILD patients. However, 36% of these patients were anti-Ro52 positive [24]. Others
showed a prevalence of MSA/MAAs in IIM of around 50% [33]. Remarkably, the cut-off value for the
positivity of MSA/MAAs was 211 AU in that study. Our study employed stricter criteria in which we
excluded Ro52 and used a higher cut-off of 226 AU, resulting in a potentially more specific assessment
of MSA/MAA positivity. This lack of standardization complicates direct comparisons with our
findings. To address this, we compared our PH cohort to MSA/MAA line blot results from patients
suspected of IIM (n=558) tested at our hospital. This internal control group allows for meaningful
comparisons, as the same assay and criteria were used. The significantly higher prevalence of
MSA/MAAs in our PH cohort suggests an association between these antibodies and PH.

The association of idiopathic inflammatory myopathies, anti-synthetase syndrome and PH has
been established in the literature before [22,27-29,35]. However, in most cases, a diagnosis of active
myositis and often severe ILD was found. Patients in our cohort had no signs of active myositis or
severe end-stage ILD. Although the prevalence of MSA/MA As was highest in the PH with ILD group,
most patients in our cohort positive for MSA/MAAs showed, to some extent, interstitial pulmonary
disease on radiographical imaging. However, these patients often did not present with a classified
ILD diagnosis prior to PH diagnosis. Interestingly, even the patients without interstitial pulmonary
involvement did also show, however weak, positivity of MSA/MAAs. If the cut-off values used in
other studies were applied, these patients would have been classified as positive. When we compared
pulmonary voluminal measurements between patients with positive MSA/MAAs and patients with
weak antibody positivity, no significant difference was observed (Figure A1). Moreover, since the
ILD observed was classified as only moderately mild based on pulmonary functional testing, the
elevated pulmonary arterial pressure could not be explained directly by interstitial changes alone
[36]. This is also known as out-of-proportion PAH, which could suggest that PH in these patients
might have developed due to immune-mediated vascular remodeling. Notably, our findings suggest
that in the PH patients with radiological signs of ILD who tested positive for MSA/MAA, a
retrospective diagnosis of IIM should be considered even without overt clinical myositis. This
highlights the importance of screening for MSA/MAA in PH, especially in the presence of mild
radiological signs of ILD, as IIM prevalence may be underestimated in this population. This study
has limitations inherent to its retrospective design, including potential selection bias and
confounding factors. The single-center nature limits generalizability. This study opted for a disease-
control group rather than a healthy-control group due to concerns that MSA/MAA levels detected in
healthy individuals with no apparent illness might partially reflect assay limitations or subclinical
immune processes. ILD diagnosis in this study relied on HRCT evaluation by different radiologists.
This approach may introduce bias since HRCT interpretation can be subjective, particularly for subtle
or early-stage ILD.

Until now, PH associated with MSA/MAAs has been merely interpreted as a complication of
severe or end-stage ILD in IIM patients [29]. However, this study provides new immunological
insights into pre-capillary and combined pre-post capillary PH associated with MSA/MA As, showing
a high prevalence of (weak) positive MSA/MAAs with and without interstitial pulmonary disease.
The progressive nature of immune-mediated diseases, with their shifting pathophysiological
mechanisms, underscores the importance of early recognition of autoimmunity in PH. PH patients
with lower MSA/MAA titers without overt interstitial changes may represent an earlier disease stage.
We propose a case series with longitudinal follow-up of pulmonary function and imaging in patients
presenting with (weak) MSA/MAA positivity and PH. This study could elucidate disease progression
and further investigate the role of immunosuppressive treatment in PH. Based on our findings, we
strongly advocate for routine MSA/MAA screening in newly diagnosed PH patients, especially in
those with (mild) radiological signs of ILD. Integrating MSA/MAA positivity into screening tools,
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such as the one validated by Parikh et al. [37,38] for PH in ILD, could enhance early detection. Future
research should also focus on elucidating the fundamental immunological mechanisms associated
with MSA/MAAs and their role in vascular remodeling in pre-capillary and combined pre- and post-
capillary PH patients, to substantiate immunological targeted therapy that could help prevent further
progression of vascular remodeling into end-stage PH.

Supplementary Materials: The following supporting information can be downloaded at the website of this
paper posted on Preprints.org. Figure S1: Cardiopulmonary hemodynamic and pulmonary functional
measurements and 5-year survival in PH patients with positive, weak positive and negative MSA/MAAs.; Table
S1: Clinical characteristics and MSA/MAA reactivity per patient.
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Appendix A

Table A1. Clinical characteristics and MSA/MAA positivity per patient.

PatientID Sexm/f Ageatinclusion PH WHO type Radiological signs of ILD y/n = MMA/MSA

1 0 64 1 neg
2 0 73 4 n wpos Jol
3 1 56 5 vy pos PM-Scl
4 0 54 1y pos PM-Scl
5 0 59 3y neg
6 0 77 2 n pos EJ
7 0 65 1 vy neg
8 0 59 1y pos Jol
9 1 82 2 n neg
10 1 78 3y pos PM-Scl
12 0 75 3 vy neg
13 1 56 1y neg
15 1 77 3y neg
17 1 67 1 n neg
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18 1 53 1 n neg

20 1 60 5 vy wpos O],
wpos Mi2

21 0 44 1 n neg

23 0 79 1 n neg

24 0 61 1 n neg

26 0 66 4 n neg

27 0 71 1 n wpos PL7
wpos MDA5

29 0 66 2 n wpos PL7

30 0 69 4 n wpos MDA5

31 0 63 1y neg

32 1 70 3 neg

33 0 75 3 n neg

37 1 73 4 n neg

38 1 65 3 neg

39 0 75 2 wpos SRP1
wpos PL12
wpos Mi2
wpos MDA5
wpos Ku

40 0 69 4 n pos PM-Scl
wpos Mi2

41 1 75 4 n wpos PL7

43 0 68 1y pos Ku

wpos SAE1

wpos MDA5

46 0 66 1 n neg

47 0 60 1 n neg

50 0 59 3 n wpos SRP1

52 0 74 1 n neg

53 0 69 1 n neg

54 1 57 5 n wpos MDA5

56 1 67 1 vy neg

57 0 74 1y pos PM-Scl

64 0 59 1 n neg

66 0 73 3y pos O],

67 0 80 2y wpos Mi2

69 1 66 3 n neg

70 0 62 5 n neg

73 0 72 1 n wpos MDA5
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78 1 40 1 n neg
81 1 75 3 neg
83 0 64 4 n neg
85 1 80 4 n neg
86 0 65 3 n neg
87 1 60 1y neg
88 0 75 1 n neg
91 0 63 3 n neg
93 1 68 3 pos SRP1
94 0 75 2 n wpos SRP1
wpos PL7
95 1 77 3 n wpos OJ
103 0 79 1 n wpos PL7
104 0 56 4 n neg
106 0 64 1 n neg
107 1 79 3 n pos Ku
wpos PL7
108 1 50 1y wpos Ku
111 0 47 1 n neg
119 0 70 4 n wpos PL7
wpos PM-Scl
120 1 46 1 n wpos PL7
124 1 72 2 n neg
126 1 39 1 neg
127 0 87 2 pos PL7
wpos PM-Scl
134 0 66 1 n wpos MDA5
141 0 66 4 n neg
162 1 89 3 n neg
164 1 23 4 n neg
165 0 71 1 n pos PM-Scl
168 1 76 3y neg
175 1 68 3y neg
181 0 81 4 n neg
186 1 71 3y neg
191 0 73 1 n neg
194 0 63 1 n neg
195 1 72 1 neg
197 0 46 1 n neg
198 0 66 1 n neg
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202 0 27 1 n neg

205 0 71 1 n neg

208 0 59 3y neg

213 0 63 1 n neg

217 0 70 3 n neg

220 1 75 3 neg

223 0 71 3 n neg

228 0 70 3 n neg

233 0 70 3 n neg

246 0 64 1 vy pos PL7
pos Ku

250 1 72 1 n neg

254 1 71 4 n neg

271 1 74 3 n neg

273 0 46 1 n wpos SAEL

279 1 57 1 n neg

285 0 74 3 n neg

293 1 78 3 n neg

301 1 72 3 wpos PL7

306 1 66 4 n neg

309 1 55 2 n neg

310 1 73 1 vy pos Mi2,
wpos PL12

311 0 71 1 n neg

312 0 66 4 n wpos PL7

313 1 74 1 n neg

314 1 75 3 neg

315 0 49 3 n neg

316 1 57 1 n wpos Tifly

317 1 68 3y wpos SAEL
wpos MDA5

318 0 69 4 n wpos SAE1

319 1 72 1 n wSAE1

320 0 63 1 n neg

321 0 50 1 pos PL7

322 1 73 1 n neg

323 1 57 1 n neg

324 0 64 3 n neg

325 0 53 1 n neg

326 1 65 4 n neg
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Figure Al. Cardiopulmonary hemodynamic and pulmonary functional measurements and 5 year
survival in PH patients with positive, weak positive and negative MSA/MAAs. A) mean pulmonary
arterial pressure in mmHg, B) pulmonary vascular resistance in dynes/sec/cm™, C) forced expiratory

volume as percentage of predicted, D) total lung capacity as percentage of predicted, E) forced vital

capacity as percentage of predicted, F) carbon oxide transfer coefficient as percentage of predicted, G)

C-reactive protein in mg/L, H) 5 year survival of pulmonary hypertension patients stratified
according to MSA/MAA positive, weak positive or negative results. Horizontal bars represent either
median values with interquartile range or mean with standard deviation according to the normality
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test. Statistical analysis was performed using the Kruskal-Wallis and Mann-Whitney test. *p<0.05, **p<0.01,

% 3% 3%

p<0.001, ***p<0.0001. Survival was analyzed using the Gehan-Breslow-Wilcoxon test.
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