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Objective

The objective of this study was to evaluate the presence of different types of interferon in idiopathic inflammatory myopathies (IIM) and their subgroups using ultrasensitive cytokine detection techniques (SIMOA) and to assess their potential as activity biomarkers.





Methods

Disease activity was measured at the time of serum collection and assessed by manual muscle testing eight (MMT8 score 0-150), muscle enzymes to calculate the Physician Global Assessment (PGA) (0-10). Patients were classified as active if PGA>5.Serum IFN-α and IFN-γ levels was measured using the single molecule array (SIMOA) technique. Serum IFN-β level was measured by Elisa. Correlation between IFN levels and disease activity were performed.





Results

We included 242 IIM patients and found a good correlation between type I Interferon (IFN) and dermatomyositis disease activity. IFN-α and IFN-β was highly correlated with disease activity (r=0.76 and r=0,58). To evaluate whether the different types of Interferons could serve as biomarkers of activity, we generated ROC curves. Patients with active DM had a higher median IFN-α level (0.49 pg/ml [0.1-3.7]) compared with non-active patients (0.03 pg/ml [0.01-0.07] p<0.05). The area under the curve was 0.90 IC95 (0.76-0.97) p<0.05. Furthermore, Myositis-specific antibodies appear to be associated with a different secretion profile; patients with anti-MDA 5 antibodies had higher level of IFN-α than most other antibodies (6.58 vs 0.14 p<0.005). NXP2 had higher IFN-β level than patients with Tif1γ antibodies.





Conclusion

Serum IFN-α level measured by SIMOA is a reliable biomarker of DM activity. Myositis-specific antibodies appear to be associated with a different secretion profile. This data needs to be confirmed in order to select the good therapeutics strategies in DM.
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1 Introduction

Idiopathic inflammatory myopathies (IIM) are a heterogenous group of autoimmune diseases including four main groups: dermatomyositis (DM), anti-synthetase syndrome (ASyS), immune-mediated necrotizing myopathies (IMNM), and inclusion body myositis (IBM) (1, 2). IIM may manifest as a muscle-specific autoimmune disorder (IBM and IMNM) or as a systemic condition primarily affecting the skin, joints, and/or lungs (DM and ASyS).

The complexity of disease activity assessment in IIM arises from its heterogeneous nature. A core set of disease activity measures, aimed at evaluating improvement through a total improvement score calculated from two time points, has been proposed (3). However, reliable biomarkers are still required to assess disease activity at a single time point. While creatine kinase (CK) levels, one of the core set measures, are well correlated with disease activity in IMNM (4), they may lack sensitivity in patients with ASyS or DM (5).

Interferons (IFNs) play a significant role in the pathophysiology of IIM (6–8). There are three main types of IFN. Type I IFN are mainly represented by 13 subtypes of IFN-α and IFN-β. Type II IFN is only represented by IFN-γ and signal through a distinct receptor. Due to the low circulating levels of these cytokines, the IFN signature—an overexpression of IFN-stimulated genes —is typically used as an indirect measure, rather than direct IFN quantification. This signature has been identified in blood (9), muscle (7) and skin (10) of DM patients, and is associated with disease activity (8, 11). Type II IFN is related to CD8+ T cells and has been involved in ASyS and IBM (12, 13). There appears to be a type II IFN signature in IMNM muscle biopsies (14), but the data are still uncertain.

Despite the identification of IFN signatures in various tissues, results have been inconsistent, particularly with respect to the different subtypes of myositis (15, 16). No studies have evaluated the precise quantification of various cytokines along the IFN pathway in the different myositis subgroups. Recent advances in ultrasensitive technology have enabled the detection of very low concentrations of proteins, such as IFN-α and IFN-γ, at femtomolar levels (17), making it possible to measure these cytokines with greater accuracy.

The aim of this study was to assess the potential of type I and II IFN, using an ultrasensitive digital ELISA technology, as a blood biomarker of activity for IIM.




2 Patients and methods



2.1 Patients and sera

Patients were prospectively enrolled between 2011 and 2018 for the first cohort, in a tertiary center of IIM (Pitié-Salpêtrière Hospital, Paris, France).

A validation cohort was established for the dermatomyositis and anti-synthetase syndrome subgroups in an independent cohort of patients sampled between 2018 and 2023. They fulfilled the American college of rheumatology/European league against rheumatism (ACR/EULAR) classification criteria for myositis (18). Patients were classified into four categories: IBM [Lloyd’s criteria (19)], IMNM [ENMC 2017 (20)], ASyS in presence of anti-synthetase antibody and according to ENMC criteria (21) and DM (1, 22)

Sera were collected at diagnosis and/or during the follow-up and were rapidly (<3h) frozen after one centrifugation. All the sera were thawed only once to avoid potential freeze/thaw effects. Patients who had increased dose of corticosteroids (>0.5mg/kg and/or pulses) the week before the sampling were excluded as it may rapidly abrogate the IFN levels (23). Moreover, patients with active infectious diseases (e.g. flue or viral B hepatitis) were excluded. Thirty-three age-matched healthy donors (HD) from a French blood bank were used as negative controls.




2.2 Disease activity assessment

Using International Myositis Assessment and Clinical Studies Group core set measures the following assessments were performed: Manual Muscle Testing 8 (MMT8), Creatine Kinase (CK) level for the muscle domain and for extra-muscular domains, we used Myositis Disease Activity Assessment Tool (MDAAT) scoring [0-10] the extramuscular manifestation (3). Finally, to assess the global disease activity we used the Physician Global Activity (PGA) (3). Disease activity was assessed at the time of blood collection and the result was represented in a numeric scale (from 0 to 10; 0 corresponding to the remission without treatment and 10 the maximum disease activity).




2.3 IFN serum measurement

IFN-α and IFN-γ serum concentrations were measured using the high sensitivity Single Molecule Array (Simoa®) technology (Digital ELISA technology) (Quanterix SimoaTM IFN-α Reagent Kit, Lexington, MA, USA and Quanterix SimoaTM IFN-γ Reagent Kit, Lexington, MA, USA) according to the manufacturer protocols and as previously reported (9, 11, 17–19, 24, 25). Briefly, we collected 5 ml of blood from each patient and 400µl of serum per well was required for each SIMOA analysis.

The limit of detection (LOD) was 0.0035 pg/ml for IFN-α and 0.026 pg/ml for IFN-γ. The positivity threshold was defined as the mean plus three times the standard deviation of the 33 healthy donors (HD) and was 0.22 pg/ml for IFN-α and 1.97 pg/ml for IFN-γ.

For IFN-β serum quantification, Elisa test was used (PBL Assay Science, Piscataway, NJ, USA). The LOD was calculated by the mean value of the blank plus two times the standard deviation (positivity at 95% confidence) calculated on logarithmic values and was 1.24 pg/ml and the positivity threshold was defined by the mean plus three times the standard deviation of the HD and was 2.50 pg/ml.




2.4 Myositis specific antibody detection

The screening for Myositis-Specific Antibody (MSA) was performed with different line blot commercial assays as previously reported (1) using Euroimmun® or Dteck® immunoassays including anti-melanoma differentiation-associated protein 5 (anti-MDA5), -transcription intermediary factor-γ (anti-Tif1γ), -complex nucleosome remodeling histone deacetylase (anti-Mi2), -nuclear matrix protein 2 (anti-NXP2) and -SUMO-activating enzyme subunit 1 (anti-SAE1) for DM; -histidyl-ARNt synthetase (anti-Jo1), -threonine-ARNt synthetase (anti-PL7), -alanine-ARNt synthetase and -glycine-ARNt synthetase (anti-EJ) for ASyS; -signal recognition particle (anti-SRP) and -3-hydroxy-3-methylglutaryl-coenzyme A reductase (anti-HMGCR) for IMNM.




2.5 Statistical analysis

Quantitative variables were expressed as median with inter-quartile range, and numbers with proportions for categorical variables. Multiple comparisons were performed using Kruskal-Wallis test then Dunn’s post-hoc test for quantitative data. To analyse the correlation between IFN and disease activity assessed by the PGA, we performed Spearman’s rank correlation tests using Graphpad Prism 10®.

Positive threshold to discriminate active from inactive patient was assessed by ROC curve analysis. We used the Youden indice to minimise both the number of false-positive and false-negative results. CK and IFN values were transformed through a base-10 logarithm for analysis.

After verifying the absence of multicollinearity, we included IFN-α, IFN-γ and CK levels in binary multivariate logistic regression to determine the association with disease activity (binary outcome using PGA>5 to define active patients). P<0.05 was considered statistically significant.




2.6 Ethical

Written informed consent from each study patient and approval by local Ethics Committee (CPP Ile De France VI (2013-12-19), CCTIRS (N°14.323) and CNIL (AR158656)) were obtained.





3 Results



3.1 Patients’ characteristics

One hundred fifty-two patients were included in the first cohort (DM, n=50; ASyS, n=46; IMNM, n=32 and IBM, n=24) compared with 33 healthy donors. Main patients’ characteristics are shown in Table 1.


Table 1 | Patients characteristics in the first cohort at time of blood sampling.



As expected, IBM patients were older and displayed a lower MMT8 score compared to DM and AsyS. MSA were detected in 70.6% of DM patients in the cohort 1 (anti-Mi2, n=10; -Tif1γ, n=12; -NXP2, n=7; -MDA5, n=5 and -SAE, n=2) AsyS were all positive (anti-Jo1, n=38; -PL7, n=4; -PL12, n=3 and –EJ, n=1), and all IMNM patients were seropositive (anti-SRP, n=13, -HMGCR, n=19). The disease duration was 301 [46-1411) days in DM, 857 [59-1935] in ASyS, 820 [196,8-2275] in IMNM and 1328 [646-2246] in IBM.

No difference was observed in the therapeutic profile, including the use of corticosteroids and immunosuppressors, between IMNM, DM, and AsyS while IBM patients did not receive any treatment.




3.2 Increased levels of type I and II IFNs depend on the myositis subgroups

Serum IFN-α level was significantly higher in DM (0.07 [0.03-0.23] pg/ml) and ASyS (0.07 [0.02-0.16] pg/ml) compared to HD (0.02 [0.01-0.05] pg/ml; p<0.005 and p<0.05 respectively) whereas it was not significantly different in IMNM (0.03 [0.01-0.09] pg/ml) or IBM (0.02 [0.02-0.03] pg/ml) compared to HD (Figure 1A).




Figure 1 | (A) Interferon alpha. (B) Interferon Beta. (C) Interferon gamma. IFN levels in IIM. DM, Dermatomyositis; ASyS, Anti-synthetase syndrome; IMNM, Immune-mediated necrotizing myopathies; IBM, Inclusion body myositis; HD, healthy donors - - mean ± 3 standard deviation or positivity threshold, *: p<0.05, ** p<0.005, ***: p<0.0005, **** p<0.00005.



Only DM patients had significantly higher IFN-β level (1.24 [1.24-6.31] pg/ml) compared to HD (1.24 [1.24-1.24] pg/ml, p<0.005) (Figure 1B).

IFN-γ level was significantly increased in all IIM subgroups (ASyS (1.05 [0.47-2.46] pg/ml), DM (0.90 [0.55-2.09] pg/ml), IMNM (0.96 [0.42-1.29] pg/ml) and IBM (0.93 [0.42-2.09] pg/ml)) compared with HD (0.46 [0.29-0.59] pg/ml), p<0.05) (Figure 1C).




3.3 IFN levels and disease activity

Correlation between IFNs levels and disease activity showed that PGA was strongly correlated with type-I IFNs, IFN-α (r=0.76 [0.60-0.86], p<0.001) and IFN-β (r=0.58 [0.35-0.74], p<0.01) in DM. A weak correlation with IFN-γ (r=0.36 [0.05-0.56], p=0.02) was observed. When we look at the correlations of the different IFN types with the core set measures assessing disease activity in DM, IFN-α correlates more with extra muscular domain (r=0.62 [0,47-0,73]) than muscle domain (CK: r= 0.29 [0,09-0,48] p<0.05 and MMT8: r= -0,31 [-0.48- -0.11] p<0.05). IFN-β correlates more with muscle domain (CK: r=0.45 [0.26-0.6] p<0.05 and MMT8: r=-0.34 [-0.51- -0.14] p<0.05) than extra muscular assessment (MDAAT: r=0.32 [0.12-0.50] p<0.05).

ASyS also demonstrated that PGA correlated with IFN-α (r=0.55 [0.34-0.76], p<0.001) and IFN-γ levels (r=0.46 [0.15-0.66], p=0.003). Of note, no ASyS patient presenting an active disease had increased IFN-β level. When we look at the correlations of the different IFN types with the core set measures, IFN-α correlates with extramuscular domain (r=0.34 [0,11-0,54]), CK (r= 0.45 [0,22-0,63] p<0.05 and MMT8: r= -0,27 [-0.49- -0.02] p<0.05). In ASyS patients, IFN-γ correlates more with muscle domain (CK: r=0.39 [0.08-0.63] p<0.05 and MMT8: r=-0.46 [-0.67- -0.17] p<0.05) than extra muscular assessment (r=0.31 [0.02-0.56] p<0.05).

In IMNM, only IFN-γ level was significantly correlated with disease activity (r=0.48 [0.14-0.71], p=0.006) whereas IFN-α (r=0.23 [-0.14-0.55], p=0.2) and IFN-β (r=-0.07 [-0.43-0.31], p=0.7) were not. IFN-γ correlates with CK levels (r=0.39 [0.08-0.63] p<0.05) but not with MMT8: r=-0.03 [-0.38- 0.33] p=0.87). Of note, correlation between CK levels and disease activity was very high (r=0.87 [0.73-0.94], p<0.001) for IMNM patients.

In IBM, IFN-γ correlates with CK (r=0.69 [0.35- 0.87] p<0.05) (Figure 2D) but not with MMT8.

Multivariate analysis including IFN-α, and IFN-γ showed that only IFN-α was associated with active disease in DM patients (OR=9.5 [3.1-45.9], p<0.001). Concerning ASyS patients, only IFN-α was statistically associated with disease activity (OR=5 [1.9-17.9], p=0.004), and there was a trend for IFN-γ (p=0.08). No IFN subtype was associated with disease activity in the IMNM subgroup.




3.4 Validation cohort

Given the correlation between type 1 IFN and disease activity in DM and ASyS, and that only IFN-γ correlate with IMNM disease activity whereas creatine kinase is a reliable biomarker in this condition, we focus on IFN type 1 in DM and ASyS. Thus, we build a second independent cohort to validate our observations in DM and ASyS.

Seventy patients were included (DM n=49 and ASyS n=21) in the validation cohort. Main patients’ characteristics are shown in Table 2. MSA were detected in 84% in the cohort 2 (anti-Mi2, n=6; -Tif1γ, n=12; -NXP2, n=7; -MDA5, n=12 and -SAE, n=2). ASyS were all but one antibody positive (anti-Jo1, n=12; -PL7, n=3; -PL12, n=2 -OJ n=1 and –EJ, n=2) Of note, in both cohort, 54 patients were naïve from treatment, including 28 DM patients, 21 ASyS patients and 6 IMNM patients.


Table 2 | Patients characteristics in the second cohort at time of blood sampling.



Correlation between IFN-α levels and disease activity in DM showed a good correlation (r=0.68 [0.49-0.81] p<0.05. Correlation with IFN-β was weak (r= 0.39 [0.11-0.61] p<0.05).

In ASyS, there was only a trend for the correlation between IFN-α and disease activity (r=0.37 [0.12-0.71] p=0.11).

When we pooled the two cohorts, DM patient (n=99) harboured a strong correlation between disease activity and type-I IFN, (IFN-α (r=0.70 [0.58-0.79], p<0.001) (Figure 2A) and IFN-β (r=0.49 [0.31-0.63], p<0.01) (Figure 2B)). ASyS also demonstrated that disease activity correlated with IFN-α in both cohort (n=67) (r=0.46 [0.23-0.63], p<0.001) (Figure 2C).




Figure 2 | Correlation between IFNs and disease activity. (A) Correlation between IFN-α and DM disease activity. (B) Correlation between IFN-β and DM disease activity. (C) Correlation between IFN-α and ASyS disease activity. (D) Correlation between IFN-γ and IMNM disease activity. DM, Dermatomyositis; ASyS, Anti-synthetase syndrom; PGA, physician global assessment.






3.5 Sensitivity and specificity of IFNs to discriminate active and inactive DM and ASyS patients in both cohort

Next, we aimed to define the threshold level of IFN corresponding to active disease if there were a correlation between IFN and disease activity.

Active DM patients had higher level of IFN-α (0.49 [0.15-3.7] pg/ml) compared to non-active DM patients (0.03 [0.01-0.07] pg/ml, p<0.001) (Supplementary Figure 1A). ROC analysis showed an area under the curve (AUC) at 0.90 (IC95 0.84-0.96; p<0.001). For a threshold of 0.11 pg/ml, the sensitivity was 88% and the specificity 80% to discriminate active from non-active DM patients.

Active DM patients had higher level of IFN-β (4.58 [0.0-30.7]) compared to non-active DM patients (0 [0-0] pg/ml, p=0.0001) with an AUC at 0.71 (IC95 0.61-0.81; p<0.05) because of a lot of false negative. Of note, IFN-γ levels were higher in active DM patients (1.417 [0.81-2.74] pg/ml) compared to inactive ones (0.64 [0.38-1.20] pg/ml, p=0.007).

Active ASyS patients had higher IFN-α level (0.08 [0.03-0.38] pg/ml) compared to non-active ASyS patients (0.04 [0.01-0.09] pg/ml, p<0.001) with an AUC=0.69, IC95(0.56-0.82); p<0.05). Active ASyS patients had higher level of IFN-γ (2.02 [0.52-3.24] pg/ml) compared to non-active ASyS patients (0.86 [0.41-1.49] pg/ml, p<0.05) (Supplementary Figure 2D) and AUC=0.69, IC95(0.53-0.95); p<0.05.

Of note, for IMNM, active patients didn’t have higher level of IFN-γ (1.06 [0.75-2.18] pg/ml) than non-active patients (0.44 [0.31-1.19] pg/ml) p=0.06.




3.6 Different IFN secretion profiles depending on IIMs subgroups and myositis specific antibodies

The levels of IFN-α, IFN-β, and IFN-γ for each patient are presented in Figure 3, where all tested patients are grouped by IIMs subtypes and according to disease activity.




Figure 3 | Different cytokine profile according to subgroup of myositis and antibody in DM. Each rows represent a patient, each colomn an IFN subtype and the color define the quantity of IFN secretion in pg/ml.



In DM, patients with anti-MDA5 antibodies had higher levels of IFN-α than the others patients (6.58 [0.12-47.16] pg/ml vs 0.14 [0.02-0.22] pg/ml p<0.005) (Figure 3 and Supplementary Figure 2A). Anti-NXP2 positive antibody patients had higher IFN-β level (25.6 [0.45-67.03] pg/ml) than patients with Tif1γ antibodies (0.0 [0.0-7.3] pg/ml p<0.05) but not again the other ASM (Figure 3 and Supplementary Figure 2). Focusing on naïve patients (n=28/99), 23 patients had an increased level of IFN-α above the 2 SD threshold (0.22 pg/ml), 18 for IFN-β (2.50 pg/ml) and only 2 for IFN-γ.





4 Discussion

In this study, using two independent cohorts, we demonstrated that type I IFN, particularly IFN-α, are reliable biomarkers of disease activity in patients with DM and ASyS. While IFN-α levels were elevated in both conditions, IFN-β was only significantly increased in DM patients. Furthermore, IFN-α showed a strong association with the MDA5-positive subgroup and exhibited superior performance as a biomarker for disease activity in DM. Type II interferon (IFN-γ) was elevated across all myositis subgroups, with the strongest correlation observed in ASyS, suggesting its relevance as a disease activity biomarker in this cohort.

The concept of an interferon signature has been previously documented in DM, with studies identifying the expression of IFN-stimulated genes in muscle, skin, and blood samples (26–28). The IFN score, which combines the expression of multiple IFN-stimulated genes, has been used to assess disease activity, particularly in DM. While it serves as a valuable tool, it is not yet standardized for routine clinical use and requires RNA extraction (7).

Moreover, although prior research has shown that the IFN score correlates with cutaneous disease activity in DM (11), our study extends these findings by linking serum IFN levels with overall disease activity, rather than focusing solely on skin involvement. Only one previous study employed Digital ELISA to measure IFN-α blood levels in adult DM (11), noting the strong correlation between IFN-α and the IFN gene signature (11, 24). This earlier study demonstrated a significant correlation between IFN-β levels and cutaneous disease activity, but did not evaluate overall disease activity. Additionally, this technology has been successfully applied to other autoimmune diseases, such as lupus, where it showed a correlation with disease activity (25).

Historically, IFN-β has been considered the most reliable biomarker for DM activity (29). However, our study reveals that both IFN-α and IFN-β are reliable biomarkers in DM, with IFN-β being more specific to DM, whereas IFN-α appears to have broader relevance across various myositis subgroups.

Notably, we observed that some DM patients, particularly those with anti-MDA5 or anti-SAE antibodies, had elevated levels of IFN-α but not IFN-β. This finding suggests that the IFN pathway may vary depending on the DM subgroup, with significant therapeutic implications. This variability is particularly important, as therapeutic monoclonal antibodies may block only the IFN-α or IFN-β pathways.It is important to note that the detection limit for IFN-α was 300 times lower than that for IFN-β. This suggests that the utility of monitoring IFN-β levels could increase as the detection limit improves. Currently, no commercially available assays for IFN-β have been developed by the manufacturer.

We also observed that IFN-γ, a type II interferon, was elevated in all myositis subgroups, with the strongest correlation with disease activity observed in ASyS. This finding is consistent with previous studies indicating that patients with anti-Jo1 antibodies exhibit an IFN signature and supports the notion that ASyS may be considered a type II interferonopathy (30). This distinction underscores the different underlying immune pathways in these conditions: DM is characterized by a type I interferon signature (IFN-α and IFN-β), whereas ASyS is predominantly associated with a type II interferon signature. Muscle tissue analysis has shown that DM patients express IFN-related proteins (31, 32), while ASyS patients predominantly overexpress MHC-II, a protein induced by type II IFN (33). These findings highlight the need for tailored therapeutic strategies, as the IFN pathways involved in these diseases differ.

In the case of IMNM, only IFN-γ levels correlated with disease activity, with CK levels being a better biomarker, as previously shown (4). IFN-γ levels may reflect a involvement of Th1 immune responses such as CD8+ T cells, which play a key role in the pathophysiology of IBM and ASyS (12, 13) but these cells are sparse or absent in IMNM. On the other hand, macrophages, which are the predominant immune cells infiltrating IMNM muscle tissue, may contribute to the increased levels of IFN-γ (4). These findings further emphasize the distinct immune mechanisms driving disease activity in the different subtypes of myositis.

A key limitation of this study is the absence of a universally accepted gold standard for assessing disease activity in myositis. Both DM and ASyS are multisystemic diseases, making the measurement of disease activity challenging. In the absence of specific biomarkers, disease activity is typically assessed using a combination of clinical, radiological, and functional criteria. However, many of these methods, particularly in non-muscular disease domains (e.g., skin, lungs, joints), rely on subjective clinical evaluation or imaging techniques that may not directly measure inflammatory disease activity or could be influenced by sequelae of previous diseases. The lack of objective biomarkers for these disease domains complicates the overall assessment of disease activity. To address this, the ACR/EULAR has developed composite improvement scores to assess disease activity based on changes over time (3).

While IFN levels may not yet fully replace clinical tools, our study suggests that monitoring IFN levels could be more sensitive in assessing disease activity than traditional clinical measures. Further validation in larger, independent cohorts, as well as longitudinal studies, is needed to establish IFN-α and IFN-γ as routine biomarkers for disease monitoring and to refine therapeutic strategies, particularly in DM.




5 Conclusion

In conclusion, this study supports the role of type I IFN (IFN-α and IFN-β) and type II IFN (IFN-γ) as reliable biomarkers for disease activity in DM and ASyS. Serum IFN-α levels, measured using SIMOA technology, correlate closely with clinical disease activity in DM, while IFN-γ could be a useful biomarker in ASyS. The findings also suggest that myositis-specific antibodies are associated with distinct IFN secretion profiles, which may help guide personalized treatment strategies. These results should be confirmed in independent prospective studies to validate the clinical utility of IFN biomarkers and optimize therapeutic approaches, especially in DM.
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