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Abstract
Objective: Immune-mediated necrotizing myopathy (IMNM) with autoantibodies recognizing the signal
recognition particle (SRP) patients tend to have prominent proximal weakness and infrequent extra-
muscular involvement, especially interstitial lung disease (ILD). However, we reported a Chinese cohort of
anti-SRP IMNM patients with relatively more frequent ILD.

Methods: Anti-SRP IMNM patients from September 2016 to November 2019 were included according to
the most recent European Neuromuscular Center criteria for IMNM. All sera for anti-SRP autoantibody and
other myositis-related autoantibodies detection were obtained before the treatment initiation. Muscle
strength, coexisting autoimmunity, complications including ILD, treatment and follow-up outcomes were
also recorded. Univariate logistic regression was performed to determine variables predicting bad
outcomes.

Results: Of 271 patients with idiopathic inflammatory myopathy tested, we diagnosed 23 (8.5%) patients
with anti-SRP IMNM. Muscle weakness was presented in 23 patients (100%) and generally worse in the
lower limbs. ILD was observed in 50% anti-SRP IMNM patients. Predictor of bad outcomes identified by
univariate logistic regression analysis was complicated ILD (odds ratio, 3.8).

Conclusion: ILD tends to be more frequent in this Chinese anti-SRP IMNM cohort from Hunan province.
Complicated ILD represents a risk factor for bad outcomes for anti-SRP IMNM.

Introduction
Over the past decades, immune-mediated necrotizing myopathy (IMNM) has been recognized as a
category of idiopathic inflammatory myopathy (IIM) characterized by myofiber necrosis with minimal
inflammatory cell infiltrate 1. IMNM is a rare disease with an estimate of 6/1,000,000 annual incidence 2.
It is regarded as a different subtype from other IIM including polymyositis, dermatomyositis and inclusion
body myositis 3. The heterogeneous pathogenesis of IMNM includes autoantibody-mediated, drug-
induced and paraneoplastic disease, along with overlap syndrome and viral infections 4–6. It is of clinical
importance to identify autoantibodies of patients because each autoantibody is closely associated with
certain clinical manifestations.

The autoantibodies recognizing signal recognition particle (SRP) and anti 3-hydroxy-3-methylglutaryl-
coenzymeA reductase (HMGCR) antibody are most commonly detected in IMNM. SRP is a ubiquitous
cytoplasmic RNA protein consisting of 7S RNA and 6 proteins with molecular weights of 9, 14, 19, 54, 68
and 72-kDa, which collectively mediates the translocation of newly synthesized proteins across the
endoplasmic reticulum. Anti-SRP antibodies were first discovered in the serum of patients with clinical
polymyositis by the presence of 7S RNA detected by RNA immunoprecipitation 7. Meanwhile, immunoblot
for the 54-kDa protein subunit of the SRP has also been used to screen serum samples for anti-SRP
antibodies as markers of IMNM, which was considered as a new entity within the polymyositis spectrum
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8. Studies have demonstrated that anti-SRP IMNM is distinct from other myopathies, and characterized
by markedly elevated serum creatine kinase levels and rapidly progressive proximal muscle weakness
leading to significant disability 9. Meanwhile, extra-muscular clinical manifestations associated with anti-
SRP antibody tend to be less frequent than in other subsets of IIM 10,11. Specifically, interstitial lung
disease (ILD) occurs in just 10%-30% of patients with anti-SRP myopathy in Japan and Europe 12,13.
Strikingly, however, we find ILD in anti-SRP IMNM tends to be more frequent in Chinese population.

The purpose of the present study was to elucidate the common and distinct clinical features of IMNM
associated with anti-SRP autoantibody among 23 patients through a single center study in a Chinese
cohort. We also compared patient survival in anti-SRP IMNM patients with ILD and without ILD.

Results

Demographics
Of the 271 patients with IIM, we diagnosed 23 (8.5%) patients as anti-SRP IMNM, all having 2 + or 3 + 
degree of anti-SRP autoantibody. The demographics of these anti-SRP IMNM patients are shown in
Table 1. Frequencies of myositis-specific or myositis-associated autoantibodies are shown in Supplement
Table 1. Median age at symptom onset was 53 years (range, 23–69 years); 14 patients (61%) were
women. Median symptom duration at diagnosis was 6 months (range, 1–47 months).

Clinical features
All clinical features of the 23 patients are recorded in Supplement Table 2 ~ Supplement Table 4. A chief
complaint of muscle weakness was presented in 23 patients (100%) and generally worse in the lower
limbs. Other symptoms found in the 23 anti-SRP IMNM patients included myalgia (6 patients), dyspnea
(4 patients), dysphagia (3 patients), cough (7 patients) and fever (1 patient). Coexisting features of
rheumatic diseases (outside of the lungs) were infrequent and reported for 3 of 23 patients (skin rash: 1,
Raynaud’s phenomenon: 1, dry eyes and dry mouth: 1). HRCT was performed in 22 patients (one patient
refused HRCT scanning) and ILD was observed in 50% (11/22) of the anti-SRP IMNM patients, most of
whom had nonspecific interstitial pneumonia, and the others had usual interstitial pneumonia. Of the 23
patients for whom further information was available, no malignancy and history of statin were found.

As depicted in Supplement Table 1, 22 patients detected with 3 + degree of anti-SRP antibody, and only 1
patient with 2 + anti-SRP. Other autoantibodies detected in the 23 SRP antibody positive patients included
9 patients with anti-Ro-52, 8 patients with ANA, 4 patients with anti-SSA (Ro-60), 2 patients with anti-SSB,
2 patients with RF, 1 patient with weak p-ANCA and 1 patient with anti-Mi-2β. None of the 23 patients had
a diagnosis of overlapping diseases such as with SLE, RA, dermatomyositis, polymyositis, myositis with
anti-tRNA synthetase antibodies, inclusion body myositis, or antineutrophil cytoplasmic antibody (ANCA)
associated vasculitis. However, symptoms of dry eyes and dry mouth and positive autoantibodies (anti-
SSA, anti-SSB) suggestive of Sjogren’s syndrome were present in one patient.
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The EMG findings showed myogenic changes, including myopathic motor unit potentials and prominent
spontaneous activity in proximal muscles in all of the 22 patients examined (one patient refused to do
the EMG). Muscle biopsy was performed in four patients. Common histological features included
necrosis and regeneration of muscle fibers, with no or little lymphocyte infiltration (Fig. 1a). Scanning
electron microscopy (Fig. 1b) demonstrated lysis of muscle fibers and deposition of lipid droplets in
muscle fibers. Lung HRCT indicated ILD (Fig. 1c) in some patients. The major HRCT findings are bilateral
and symmetrical ground glass opacities with subpleural predominance, coarse reticular patterns, and
sometimes honeycombing appearances. Lung histology of one patient with anti-SRP IMNM and ILD
(Fig. 1d) showed fibroblastic proliferation of alveolar septum and infiltration of lymphocytes.

Serum CK before the treatment was significantly elevated (more than 1000 IU/L) in 87% (20/23) myositis
patients with anti-SRP autoantibodies, ranging from 2980.2 IU/L to 17777.5 IU/L. The distribution of
decreased serum CK (p < 0.0001), Mb (p = 0.0005) and LDH (p = 0.25) levels (Fig. 2) paralleled clinical
improvement, indicating treatment efficacy.

Treatment and outcomes
Combination therapy most commonly included corticosteroids (MPred) and a steroid-sparing agent (70%,
16/23), or triple therapy with corticosteroids (MPred), IVIG, and a steroid-sparing agent (26%, 6/23). AZA
was the most commonly used steroid-sparing agent (83%, 19/23). In general, initial corticosteroid therapy
included intravenous MPred at 1-2mg*kg− 1*day− 1 for 5–10 days followed by oral corticosteroid, whereas
IVIG was dosed at 400mg*kg− 1*day− 1 for 3–5 days. AZA was taken as 1-2mg*kg− 1*day− 1. Adjustments
in corticosteroid and IVIG dose and frequency were based on clinical response. During the follow-up
period, 3 patients lost to follow up and 20 patients needed two immunotherapeutic agents (MPred 4–12
mg/day and AZA 50–100 mg/day) as maintaining therapy.

Follow-up (median: 21 months) data were sufficient in 20 patients to determine clinical course. Only one
patient was able to discontinue immunotherapy because of complete remission (grade 5). Two patients
died (grade 0) from respiratory failure due to ILD and complicated infection during the follow-up. Other
outcomes found in the 20 patients with follow up data included grade 1 (0 patients, 0%), grade 2 (4
patients, 20%), grade 3 (5 patients, 25%), grade 4 (6 patients, 30%) and grade 5 (3 patients, 20%). In total,
good outcomes occurred in 70% (14/20) patients. Weakness relapse and increase in serum CK level
occurred in five patients (25%, 5/20) whose immunotherapy was tapered or discontinued, requiring
resumption of immunotherapy.

Predictor of bad outcomes (grade 0–2) identified by univariate logistic regression analysis was
complicated ILD (odds ratio 3.8, p = 0.05). The interval between onset and initiation of therapy did not
seem to predict outcome, but the number of patients presenting was too small to make a definite
conclusion.

Comparison of patients with ILD and without ILD
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Among the 23 SRP antibody positive patients in our cohort, we identified 11 with ILD and 11 without ILD
(1 patient not evaluated for ILD). Comparative clinical features in anti-SRP IMNM patients without ILD
and with ILD are shown in Table 2. The ILD group has significantly more female patients (91% vs 27%, p 
= 0.008) and lower CK (p = 0.04). The two groups had no difference in anti-SSA, SSB, or Ro-52 antibodies
(p = 0.586, 0.476, 0.659). There were 2 deaths among the 20 follow-up patients, and both were in the anti-
SRP IMNM group with ILD. No deaths occurred in anti-SRP IMNM without ILD. Those two patients who
died had underlying respiratory failure at age 58 and 63 years, respectively (21 months and 12 months,
respectively, after onset of myositis). As shown in Fig. 3, cumulative survival among the SRP-positive
group with ILD was not significantly different (log rank p = 0.13) from that in the SRP-positive group
without ILD.

Discussion
The present study is comprehensive analysis of clinical features of Chinese IMNM patients with anti-SRP
autoantibodies, including those with and without ILD. The present study’s findings can be summarized as
follows: (1) the frequency of anti-SRP autoantibody in patients with idiopathic inflammatory myopathy
was 8.5% (23/271); (2) ILD is frequently observed in anti-SRP IMNM patients (11/22) from this Chinese
cohort, and (3) complicated ILD (odds ratio, 3.8) was a risk factor for bad outcomes.

Previous studies reported that frequency of anti-SRP autoantibody was 5–10% in patients with idiopathic
inflammatory myopathy 14–16. The frequency of anti-SRP autoantibody in our present study (8.5%) was
similar to the previous studies.

The age of onset of IMNM patients is reported usually around 50 and mainly affects females 17. Most
patients have muscle weakness, which affects the lower limbs most severely 11 and markedly elevated
serum CK levels 15,18,19. All those features are consistent with our study. Pinal-Fernandez et al. reported
very high serum muscle enzyme levels with a mean peak creatine kinase of 6272 IU/L in anti-SRP IMNM
patients 11. In line with this report, we observed median pre-treatment serum CK values of 7197 IU/L in
our cohort.

In myopathy patients with anti-SRP autoantibody, the frequency of ILD has been considered low 20. In
1990, Targoff reported only one of 10 patients with anti-SRP had interstitial fibrosis, determined either by
chest radiograph reading or by the report of the referring physician 15. Similarly, in a Mayo Clinic’s series,
ILD was not reported in 54 patients with autoimmune SRP myopathy 17. In contrast, ILD was observed in
19% of the anti-SRP group by Watanabe 21, supporting another recent analysis of 100 inflammatory
myopathy patients with anti-SRP antibody showing that ILD was present in 13% patients 8. In these
patients, the major CT findings are ground glass attenuation which is commonly bilateral and
symmetrical with subpleural predominance, irregular linear, reticular opacities and traction
bronchiectasis. However, the pathological findings of the lungs have not been described in detail. In rare
cases, ILD with anti-SRP-positive myopathy may be severe requiring lung transplantation 22.
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Since most previous reports have focused on muscle features, the clinical characteristic of ILD were not
well known in patients with anti-SRP autoantibody. Here, we report histologic features of one lung
specimen obtained from anti-SRP IMNM patient with ILD: fibroblastic proliferation of alveolar septum
and infiltration of lymphocytes. Of note, ILD is more frequently observed in anti-SRP IMNM Chinese
patients (50% in our study), and was considered as a risk factor for bad outcomes.

During recent years, more than 15 myositis-specific autoantibodies have been identified. These
antibodies may be associated with distinct clinical phenotypes. Some are considered to be positively
correlated with ILD, such as anti-synthetase autoantibodies and anti-MDA5 (often rapidly progressive).
Among the 23 SRP antibody positive patients in our cohort, we only reported one patient with a diagnosis
of Sjogren’s syndrome with positive anti-SSA and anti-SSB autoantibodies. The comparative clinical
features of anti-SRP IMNM patients with and without ILD showed no difference in other antibodies that
maybe associated with ILD including anti-synthetase autoantibodies, anti-MDA5, and anti-Ro-52.
Therefore, ILD in the 11 patients we reported was most likely associated with anti-SRP antibody. In
previous reports, anti-SRP myositis patients may also have cardiac involvement, including cardiac rhythm
or conduction abnormalities as well as cardiac insufficiency in 13%-16% 21,23,24. However, we did not
observe obvious cardiac involvement in this anti-SRP-positive Chinese cohort.

According to the ENMC 2017 guideline 25, first line treatment remains corticosteroids and a steroid-
sparing agent. AZA is the preferred agent with a dose of 3mg/kg. Intravenous immunoglobulins may also
be needed. In our study, the patients received combination therapy with MPred and a steroid-sparing
agent (70%), or triple therapy with MPred, IVIG, and a steroid-sparing agent (26%). AZA was the most
commonly used steroid-sparing agent (83%). Among the 21 anti-SRP-positive patients followed up for at
least 2 years, only 10 (48%) returned to at least near-full strength 11. Muscle lesions have been
demonstrated to be generally resistant to treatment with corticosteroid and immunosuppressants 26.
However, in our cases without ILD, immunosuppressive therapy was effective, resulting in good outcome
in 90% of this subgroup. Although, there are few reports on the treatment for ILD in the setting of SRP
antibodies, the improvement of chest radiological findings after corticosteroid therapy and intravenous
immunoglobulin therapy was reported in a case report with three cases 27. Here, we demonstrated
relatively poor outcomes for those patients with ILD through Kaplan-Meier analysis. Treatments other
than corticosteroids, immunosuppressive agents, and IVIG should be evaluated. Rituximab as B cell
depletion therapy 9 or tofacitinib as a Janus kinase inhibitor 28 might be an effective and often life-saving
therapy for anti-SRP IMNM patients with ILD.

Regarding overall prognosis, Kao et al. 14 described that the 5-year cumulative survival rate in the SRP-
positive polymyositis patients (86%) was not significantly different from SRP-negative polymyositis
patients (75%). These results may indicate that the prognosis of the SRP-positive polymyositis patients is
not worse compared with the SRP-negative polymyositis patients. In the present study, there were two
deaths among the 23 anti-SRP IMNM patients. Both patients were complicated by ILD. However,
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cumulative survival among the SRP-positive with ILD group was not significantly different (log rank p = 
0.13) from that in the SRP-positive group without ILD.

There were several study limitations. 1) Since muscle weakness is the predominant clinical feature in
patients with anti-SRP IMNM, documenting the degree of weakness is a critical aspect of managing these
patients. The MRC scale or the transformed Kendall scale has a ceiling effect, such that some patients
with weakened strength may still be scored as having normal power (an MRC score of 5). A hand-held
muscle strength dynamometer might be an additional choice over using the MRC scale alone 11. 2) the
other limitation is the patient population. Because this study was conducted in a single center,
generalization of our results to other populations may not be warranted.

Patients And Methods

Patients
The study was approved by the Institutional Review Board of Second Xiangya Hospital, Central South
University (Approval ID: 2020-K011), all research was performed in accordance with relevant guidelines,
and written informed consents were obtained from all participants. We collected data of inpatients at the
Department of Rheumatology and Immunology, Second Xiangya Hospital of Central South University
from September 2016 to November 2019. According to the most recent European Neuromuscular Center
(ENMC) criteria for IMNM (2017) 25, patients with (1) elevated serum CK levels, (2) proximal muscle
weakness, and (3) anti-SRP autoantibodies can be defined as having “anti-SRP myopathy”. While muscle
biopsy features and electromyography (EMG) findings may be useful in further characterizing and
differentiating patients with anti-SRP myopathy, they are not required for subtyping. The following
inclusion criteria were used: (1) chief complaint of weakness; (2) very high serum creatine kinase level
with more than 50 times the upper limit of normal, or EMG demonstrating active myopathic units, or
biopsy abnormalities that include necrotic fibers with macrophages (no CD8+ cells or vacuoles; deposits
of complement on capillaries) 6; and (3) positive anti-SRP antibody by semiquantitative immunoblotting.
Other types of myopathy patients without anti-SRP antibody were excluded. For all patients, the following
clinical data were recorded: age, sex, disease onset, symptoms, lung imaging of ILD, EMG findings,
treatments provided, and outcomes.

Autoantibody profiles and creatine kinase detection
All sera for autoantibody detection were obtained before the treatment initiation. Autoantibodies to
SRP54 (the 54kD subunit of SRP) were measured using a standard immunoblotting protocol 29 (Euroline
Myositis Profile 3 immunoline blot). If a serum sample was positive, specific antibodies bound to
antigens resulted in bands. The immunoblot with no band was marked as 0; very weak band was marked
as (+); weak band was marked as 1+; relatively strong band was marked as 2+; band same as positive
control marker was marked as 3+. The program from EUROIMMUN (Lubeck, Germany) provided
automotive evaluation of bands, and 2 + ~ 3 + were considered as clinically significant.
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The presence of myositis-specific antibodies (MSAs) other than anti-SRP antibodies such as anti-transfer
RNA (tRNA) synthetase antibodies (Jo-1, PL-7, PL-12, OJ, EJ), anti-Mi-2α, anti-Mi-2β, anti-TIF1γ, anti-
MDA5, anti-NXP2, anti-SAE1 and myositis-associated antibodies (MAAs) such as anti-Ro-52, anti-Ku, anti-
PM-Scl100, anti-PM-Scl75 were also detected using the above methods. Meanwhile, autoantibodies
related to connective tissue diseases, such as anti-nuclear antibody (ANA), anti-double-stranded DNA
(anti-dsDNA), anti-SSA (Ro-60), anti-SSB, rheumatoid factor (RF), anti-neutrophil cytoplasmic antibody
(ANCA) were also identified. The level of creatine kinase (CK), myoglobin (Mb) and lactate dehydrogenase
(LDH) before and after treatment were detected.

Muscle strength
The Medical Research Council (MRC) scale was indicated and transformed to Kendall’s 0–10 scale 11 for
evaluating the strength of muscles in upper-limb and lower-limb. Other possible symptoms including
myalgia, skin rash, dysphagia, cough, dyspnea, fever, dry eyes and mouth or Raynaud’s phenomenon
were also recorded.

Coexisting autoimmunity and complicated Interstitial Lung
disease
Coexisting autoimmune diseases, diagnosed according to the established classification criteria for each
disease 30–36 were evaluated. ILD was defined by the presence of pulmonary fibrosis seen by high-
resolution computed tomography (HRCT)14. Imaging manifestations of lung HRCT include thickening of
the bronchovascular bundles and interlobular septa, ground glass opacities, coarse reticular patterns, and
honeycombing. All the HRCT were evaluated by radiologists the interpreters were blinded to the clinical
information.

Biopsy
According to the most recent European Neuromuscular Center (ENMC) criteria for IMNM (2017) 25, the
presence of elevated CK levels and proximal weakness is sufficient to diagnose the disease subtype in
those patients that are positive for anti-SRP antibodies. Muscle or lung biopsy was only processed for
those patients who could not be diagnosed through non-invasive procedures or had treatment-refractory
disease.

Treatment
Methylprednisolone (MPred), methotrexate (MTX), azathioprine (AZA), tacrolimus (TAC),
cyclophosphamide (CYC), cyclosporine (CyA) and intravenous immunoglobulin (IVIG) encompassed the
range of drugs used for treatment of this cohort. Treatment regimens varied between patients, depending
on the individual’s clinical circumstances.

Follow-up outcomes
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Response to treatment was graded as death (grade 0), no improvement (grade 1), mild improvement
(grade 2, 1 MRC grade in 1–2 muscle groups, persistently requiring assistance for ambulation and
activities of daily living), moderate improvement (grade 3, > 1 MRC grade in multiple muscle groups,
requiring minimal assistance with ambulation and with activities of daily living), marked improvement
(grade 4, symptoms and signs of mild weakness, but no functional limitation), and complete remission
(grade 5, no symptoms or signs of weakness), which is modified from Kassardjian et al. 1. Relapse was
also recorded for the re-hospitalized patients. Grade 3–5 were considered as good outcomes; others were
marked as bad outcomes.

Statistical analysis
Categorical variables were expressed as percentages and absolute frequencies, and continuous variables
were reported as median and interquartile range given small sample sizes. Univariate logistic regression
was performed to determine variables predicting bad outcomes, but multivariate regression was not
performed because of the small sample size. The variables analyzed were age, sex, anti-Ro-52
autoantibody, laboratory test (CK, Mb, LDH), ILD, lung infection and treatment with 1–2 drugs. To assess
differences between anti-SRP IMNM patients with ILD and without ILD, the following analyses were used:
categorical variables were compared using the Fisher exact tests and continuous variables using the
independent samples Mann-Whitney U tests. Differences in survival were assessed by log rank test.
Calculations were performed using the IBM SPSS Statistics v23.0 (Armonk, NY, USA) and GraphPad
Prism v8.0 (La Jolla, CA, USA). P values less than 0.05 were considered significant.

Conclusion
ILD in anti-SRP IMNM patients tends to be more frequent in the Chinese population. Complicated ILD is
the risk factor for bad outcomes for anti-SRP IMNM, but 70% of patients still reported good outcomes.
Further studies are needed to elucidate the underlying disease pathogenesis and the precise role of the
anti-SRP autoantibody in this unique subset with both IMNM and ILD.

Declarations
FUNDING

The study is supported by the National Natural Science Foundation of China (No. 81701552, No.
81873882, No. 81701622)

CONFLICT OF INTEREST

The authors declare no conflicts of interest.

ACKNOWLEDGEMENTS



Page 11/16

Thank Dr. Dana P. Ascherman for his editorial contributions to the manuscript. Thank Mengshi Tang for
her contributions in collecting data.

AUTHORS’ CONTRIBUTIONS

All authors participated in collecting of clinical data. XX, QT, and JH designed the study, drafted and
edited the original manuscript. All authors read and approved the final manuscript.

References
1. Kassardjian, C. D., Lennon, V. A., Alfugham, N. B., Mahler, M. & Milone, M. Clinical features and

treatment outcomes of necrotizing autoimmune myopathy. JAMA Neurol.72, 996–1003 (2015).

2. Dobloug, C. et al. Prevalence and clinical characteristics of adult polymyositis and dermatomyositis;
Data from a large and unselected Norwegian cohort. Ann. Rheum. Dis.74, 1551–1556 (2015).

3. Mariampillai, K. et al. Development of a New Classification System for Idiopathic Inflammatory
Myopathies Based on Clinical Manifestations and Myositis-Specific Autoantibodies. JAMA
Neurol.75, 1528–1537 (2018).

4. Allenbach, Y. et al. High risk of cancer in autoimmune necrotizing myopathies: Usefulness of
myositis specific antibody. Brain139, 2131–2135 (2016).

5. Lundberg, I. E., De Visser, M. & Werth, V. P. Classification of myositis. Nat. Rev. Rheumatol.14, 269–
278 (2018).

6. Dalakas, M. C. Inflammatory muscle diseases. N. Engl. J. Med.372, 1734–1747 (2015).

7. Reeves, W., Nigam, S. & Blobel, G. Human autoantibodies reactive with the signal-recognition particle.
PNAS83, 9507–9511 (1986).

8. Hanaoka, H. et al. Anti-signal recognition particle antibody in patients without inflammatory
myopathy: A survey of 6180 patients with connective tissue diseases. Scand. J. Rheumatol.45, 36–
40 (2016).

9. Valiyil, R., Casciola-Rosen, L., Hong, G., Mammen, A. & Christopher-Stine, L. Rituximab Therapy for
Myopathy Associated with Anti-Signal Recognition Particle Antibodies: A Case Series. Arthritis Care
Res.62, 1328–1334 (2010).

10. Suzuki, S. et al. Inflammatory myopathy with anti-signal recognition particle antibodies: Case series
of 100 patients. Orphanet J. Rare Dis.10, 1–9 (2015).

11. Pinal-fernandez, I. et al. Longitudinal course of disease in a large cohort of myositis patients with
autoantibodies recognizing the signal recognition particle. Arthritis Care Res.69, 263–270 (2017).

12. Kusumoto, T. et al. Development of necrotizing myopathy following interstitial lung disease with anti-
signal recognition particle antibody. Intern. Med.57, 2045–2049 (2018).

13. Basnayake, S. K., Blumbergs, P., Tan, J. A., Roberts-Thompson, P. J. & Limaye, V. Inflammatory
myopathy with anti-SRP antibodies: case series of a South Australian cohort. Clin. Rheumatol.34,
603–608 (2015).



Page 12/16

14. Kao, A. H., Lacomis, D., Lucas, M., Fertig, N. & Oddis, C. V. Anti-Signal Recognition Particle
Autoantibody in Patients with and Patients Without Idiopathic Inflammatory Myopathy. Arthritis
Rheum.50, 209–215 (2004).

15. Targoff, I. N., Johnson, A. E. & Miller, F. W. Antibody to signal recognition particle in polymyositis.
Arthritis Rheum.33, 1361–1370 (1990).

16. Brouwer, R. et al. Autoantibody profiles in the sera of European patients with myositis. Ann. Rheum.
Dis.60, 116–123 (2001).

17. Apiwattanakul, M. et al. Signal recognition particle immunoglobulin g detected incidentally
associates with autoimmune myopathy. Muscle and Nerve53, 925–932 (2016).

18. Miller, T., Al-Lozi, M., Lopate, G. & Pestronk, A. Myopathy with antibodies to the signal recognition
particle: Clinical and pathological features. J. Neurol. Neurosurg. Psychiatry73, 420–428 (2002).

19. Benveniste, O. et al. Correlation of anti-signal recognition particle autoantibody levels with creatine
kinase activity in patients with necrotizing myopathy. Arthritis Rheum.63, 1961–1971 (2011).

20. Picard, C. et al. Heterogeneous clinical spectrum of anti-SRP myositis and importance of the
methods of detection of anti-SRP autoantibodies: a multicentric study. Immunol. Res.64, 677–686
(2016).

21. Watanabe, Y. et al. Clinical features and prognosis in anti-SRP and anti-HMGCR necrotising
myopathy. J. Neurol. Neurosurg. Psychiatry87, 1038–1044 (2016).

22. Qureshi, A., Brown, D. & Brent, L. Anti-Signal Recognition Particle Antibody-Associated Severe
Interstitial Lung Disease Requiring Lung Transplantation. Cureus12, (2020).

23. Suzuki, S. et al. Myopathy associated with antibodies to signal recognition particle: disease
progression and neurological outcome. Arch. Neurol.69, 728–732 (2012).

24. Hara, A. et al. Secondary cardiac involvement in anti-SRP-antibody-positive myopathy: An 87-year-old
woman with heart failure symptoms as the first clinical presentation. BMC Neurol.20, 1–5 (2020).

25. Allenbach, Y. et al. 224th ENMC International Workshop:: Clinico-sero-pathological classification of
immune-mediated necrotizing myopathies Zandvoort, The Netherlands, 14–16 October 2016.
Neuromuscul. Disord.28, 87–99 (2018).

26. Takada, T. et al. Clinical and histopathological features of myopathies in Japanese patients with
anti-SRP autoantibodies. Mod. Rheumatol.19, 156–164 (2009).

27. Togawa, R. et al. Three cases of interstitial pneumonia with anti-signal recognition particle antibody.
Allergol. Int.66, 485–487 (2017).

28. Chen, Z., Wang, X. & Ye, S. Tofacitinib in Amyopathic Dermatomyositis–Associated Interstitial Lung
Disease. N. Engl. J. Med.381, 291–293 (2019).

29. Zhao, Y., Liu, X., Zhang, W. & Yuan, Y. Childhood autoimmune necrotizing myopathy with anti-signal
recognition particle antibodies. Muscle and Nerve56, 1181–1187 (2017).

30. Hochberg, M. C. Updating the American College of Rheumatology Revised Criteria for the
Classification of Systemic Lupus Erythematosus. Arthritis Rheum.40, 1997 (1997).



Page 13/16

31. Arnett, F. et al. THE AMERICAN RHEUMATISM ASSOCIATION 1987 REVISED CRITERIA FOR THE
CLASSIFICATION OF RHEUMATOID ARTHRITIS. Arthritis Rheum.31, 315–324 (1988).

32. Vitali, C. et al. Classification criteria for Sjögren’s syndrome: A revised version of the European criteria
proposed by the American-European Consensus Group. Ann. Rheum. Dis.61, 554–558 (2002).

33. Bohan, A. & Peter, J. Polymyositis and Dermatomyositis. N. Engl. J. Med.292, 344–347 (1975).

34. Troyanov, Y. et al. Novel classification of idiopathic inflammatory myopathies based on overlap
syndrome features and autoantibodies: Analysis of 100 French Canadian patients. Medicine
(Baltimore).84, 231–249 (2005).

35. Griggs, R. C. et al. Inclusion body myositis and myopathies. Ann. Neurol.38, 705–713 (1995).

36. Jennette, J. C. et al. 2012 Revised International Chapel Hill consensus conference nomenclature of
vasculitides. Arthritis Rheum.65, 1–11 (2013).

Tables
Due to technical limitations, tables are only available as a download in the Supplemental Files section.

Figures



Page 14/16

Figure 1

Muscle biopsy (a-b), lung CT (c) and biopsy (d) of anti-SRP IMNM patients with ILD
1a: Muscle biopsy of
one patient showed necrosis and regeneration of muscle fibers, with no or little lymphocyte infiltration;
1b: Scanning electron microscopy demonstrated lysis of muscle fibers and deposition of lipid droplets in
muscle fibers; 1c: Lung HRCT of one patient showed bilateral and symmetrical ground glass opacities
with subpleural predominance, and coarse reticular patterns. 1d: Lung histology of one patient showed
fibroblastic proliferation of alveolar septum and infiltration of lymphocytes.
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Figure 2

Violin plots of serum CK (a), Mb (b) and LDH (c) levels before treatment (Pre) and after treatment (Post)
in anti-SRP IMNM patients

Figure 3

Cumulative survival curves of anti-SRP IMNM patients with ILD and without ILD
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