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Objective

Clinical and prognostic features of Anti-MDA5-Positive Dermatomyositis (MDA5+ DM) are diverse. This study aimed to examine the peripheral immune cell profiles of patients with MDA5+ DM, identify disease endotypes related to the heterogeneous manifestations and prognosis, and guide individualized therapy regimen.





Methods

This inpatient cohort included 123 patients with MDA5+ DM. Unsupervised hierarchical clustering analysis was used to derive disease endotypes from the circulating immune cell profiles on admission. Clinical symptoms, laboratory test results, inpatient treatments, and disease outcomes were then analyzed among the identified endotypes.





Results

Three disease endotypes in MDA5+ DM were identified from peripheral immune cell profiles. Endotype1 had the highest percentages of CD4+ T cells and monocytes, and the lowest percentage of neutrophils; Endotype2 had the highest percentage of B cells; Endotype3 had the highest percentage of CD8+ T cells and NK cells. Clinical and prognostic heterogeneity of the endotypes were revealed. Endotype1 had the lowest 3-month mortality with the high incidence of periungual capillary changes. Endotype2 and Endotype3 had higher prevalence of rapidly progressive interstitial lung disease (RPILD) and mortality at 3 months than Endotype1. Meanwhile, Endotype3 had higher pneumocystis jiroveci and CMV viremia cases with significantly elevated of activated CD8+ T cells and multiple cytokines than Endotype1.





Conclusion

Clustering analysis of peripheral immune cell profiles identified three different endotypes in MDA5+ dermatomyositis. Endotpye2 and 3 showed higher RPILD, 3-month mortality, pneumocystis jiroveci and CMV viremia.
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Introduction

Anti-MDA5 positive dermatomyositis (MDA5+ DM) is a type of idiopathic inflammatory myopathy with positive MDA5 autoantibody, involvement of multiple organs, heterogeneous clinical spectrum of manifestations, and high mortality (1, 2). The high mortality rate means that MDA5+ DM is a substantial challenge for clinical rheumatologists. Multiple prognostic factors have been found for this myopathy (3).

Rapidly progressive interstitial lung disease (RPILD) is the major prognostic factor that can divide patients into those with and without RPILD, leading to different short-term outcomes and therapeutic needs. For MDA5+RPILD, initiating a combined immunosuppressive therapeutic regimen early in the disease course should be considered the first-line therapy, which improves morbidity and mortality (4, 5). Several treatment protocols included the combination of high-dose glucocorticoids and calcineurin inhibitors or a triple therapy adding intravenous cyclophosphamide (5), while plasma exchange can be added for refractory disease. And tofacitinib and rituximab might have a role in the therapeutic armamentarium of this challenging to treat (4, 6, 7). These protocols significantly improved early-stage patients, whereas the 6-month mortality rate remained at around 40% (3, 8). Disease outcomes and treatments remain unsatisfactory. Clinical and prognostic heterogeneity further exacerbate the complexity and uncertainty in the development of novel treatment options.

To address this heterogeneity, the identification of clinical phenotypes and disease endotypes is required. Three distinct clinical phenotypes have been proposed, according to the predominance of pulmonary, skin-articular, or vascular symptoms in MDA5+ DM (9). However, endotype identification is still lacking. Diseases such as asthma and osteoarthritis are more advanced than MDA5+ DM in disease endotyping (10–12). Unlike phenotypes, endotypes are subtypes that are classified based on cellular, immunological, molecular, or genetic biomarkers rather than on clinically observable symptoms (9, 10). The identification of endotypes could provide deeper insights into the underlying pathological mechanisms to guide clinical management and therapeutic development. Although the aetiology and pathology remain unclear, increasing evidence suggests that multiple factors, including T cells, B cells, neutrophils and macrophages, are implicated in the pathophysiology of MDA5+DM (2). The inclusion of calcineurin inhibitors (cyclosporine A, tacrolimus) in several immunosuppressive regimens indicates that targeting T cells is an effective means to treat MDA5+ DM (3, 13). In addition, recent studies showed MDA5+ DM patients with co-existing anti-Ro52 antibodies had an increased frequency of RPILD and more aggressive phenotypes, highlighting the breach of B cell tolerance likely contributes to the pathogenesis in MDA5+ DM (13, 14). B cell depletion with rituximab has been used to treat dermatomyositis (15), which could be an alternative treatment for MDA5-DM in severe and refractory cases (2). Studies have also shown that both monocytes and lymphocytes are correlated with different prognoses of MDA5+ DM (16, 17). Lower peripheral CD3+T cell counts were independently associated with poorer prognosis in MDA5+DM-RPILD (18), while higher peripheral CD3+T cell counts were associated with longer survival. The independent risk factors for RPILD in MDA5+DM patients included lymphopenia, especially decreased levels of CD3+CD4+ T cells, elevated CD5-CD19+ B cells (19). But an integrated evaluation and multi-dimensional characterization of immune cell profiles have not been achieved. The peripheral immune cells mentioned above seem to be a simple and practical approach to predicting the prognosis of MDA5+ DM in clinical practice (2). So, we exploratively performed hierarchical clustering analysis based on immune cell profiles (percentages of neutrophils, monocytes, CD3-CD16+CD56+NK cells, CD3+CD4+ T cells, CD19+B cells, and CD3+CD8+ T cells) in an inpatient cohort, and analyzed the clinical and prognostic features of the identified endotypes to characterize them and to fully depict their clinical and prognostic significance. Thus, our current study may provide new clues for the disease endotype classifications, immunopathogenesis and potential therapeutic targets for MDA5+ DM.





Methods




Study cohorts

Clinical data from patients diagnosed with DM from July 2018 to January 2022 were reviewed in our electronic medical record system. A total of 123 MDA5+ DM patients were hospitalized and enrolled according to the Wu W et al. (2021)’s summary  of MDA5+DM classification and the 239th ENMC proposed criteria (3, 20). Classification is based on the presence of typical DM rashes (such as Gottron’s sign, heliotrope rash) and a positive MDA5 autoantibody test. Patients with insufficient data or other autoimmune diseases were excluded. Demographic characteristics, clinical symptoms on admission, laboratory results, inpatient treatments, and clinical outcomes were retrospectively collected. The pathomechanism of MDA5+ DM is complex, and several lines of evidence indicate a potential contributing role for T cells, B cells, neutrophils, and natural killer cells (2, 13). Therefore, peripheral simple immune subpopulations were further detected, including T cells, B cells, NK cells. This study was conducted in accordance with the principles of the Declaration of Helsinki. Patient consent was obtained for the collection of research data. Institutional ethics approvals were obtained (approval number: 2017-201).





Detection of autoantibodies

Immunoblot testing (Euroimmun, Lubeck, Germany) was used to detect MDA5 and other myositis-specific or -associated autoantibodies according to the manufacturer’s instructions as previously described (21). Briefly, the gray-scale value of the antibody band was scanned to obtain semiquantitative results, and gray-scale values of 0 to 5 units/L were defined in the following manner: 11 to 25 units/L as +, 26 to 50 units/L as ++, and >50 units/L as +++.





Assessment of disease

FLAIR score was assessed based on presence of RPILD, high-resolution computed tomography imaging (HRCT), anti-MDA5 antibody, ferritin, and LDH levels, which has been reported to predict mortality risk in amyopathic dermatomyositis (ADM) (21). Due to the lack of a systematic risk prediction model for MDA5+ DM and the fact that ADM and MDA5+ DM substantially overlap (3), the FLAIR score was calculated as a reference prognostic indicator. RPILD was defined as worsening dyspnea and high-resolution computed tomography progression within 1 month or respiratory failure within 3 months since respiratory symptoms appeared (9). Spontaneous pneumomediastinum and spontaneous intramuscular hemorrhage were evaluated by CT, ultrasound or magnetic resonance imaging. Pneumocystis infection was confirmed using next-generation sequencing. Laboratory data beyond the detection range were recorded with the limit.





Flow cytometry analysis

The immune cells for the flow cytometry analysis were collected at the time of admission and transported to our testing center within 2 hours. PBMCs were then isolated and analyzed. Peripheral lymphocyte subpopulations were detected with BD Multitest 4-color TBNK reagent. Flow cytometric phenotyping of expression of selected activation markers (CD38 on CD8+ cells, HLA-DR on CD3+ cells, CD38 and HLA-DR co-expression on CD8+ cells) in 33 collected samples were detected with a BD FACS Caliber Flow Cytometer (BD Biosciences, San Diego, CA, USA) as previously described (15). The gating strategies are illustrated in Supplementary Figures 1-2. The number of lymphocytes used in each flow cytometry analysis was ensured to be above 2500.





Immunophenotyping features and unsupervised cluster analysis of patients with DM

Principal component analysis (PCA) was conducted to visualize immune cell profile differences between patients with MDA5+ DM and healthy controls. Unsupervised hierarchical clustering analysis was performed to classify patients into different endotypes by the Ward method on Euclidian distances, based on the percentages of neutrophils, monocytes, CD3-CD16+CD56+NK cells, CD3+CD4+ T cells, CD19+B cells (namely, B cells), and CD3+CD8+ T cells.





Statistical analyses

Quantitative variables were expressed as mean ± standard deviation, and categorical data were expressed as numbers (percentage). Unpaired t-tests or Mann–Whitney U tests were used between two groups as appropriate. One-way ANOVA or Kruskal-Wallis H tests were used among three groups, while categorical variables were compared using chi-squared or Fisher’s exact tests as appropriate, followed by post-hoc tests for specific differences between every two groups. Survival data were analyzed using Kaplan-Meier plots and log-rank tests. GraphPad Prism statistical software version 9.0.0 (GraphPad Software, San Diego, California USA), R version 4.1.1 (R Core Team, Vienna, Austria), and IBM SPSS Statistics for Windows version 26.0 (Armonk, NY: IBM Corp) were used to generate the statistical results. Statistical significance was set at P < 0.05.






Results




Clinical characteristics of MDA5+ DM at the baseline

The present study included 123 patients with MDA5+ DM (males: 26.02%, average age: 52.31 years) and eighty-eight healthy controls (HC) with a mean age of 52.84 years (males 26.14%). The most common symptom in the cohort was Gottron’s sign (n = 91, 73.9%), and RPILD was detected in 39 cases (31.7%). The average observation time was 245.00 ± 232.20 days, with 31 cases died in three months, and 92 cases continued follow-ups after three months. The treatment regimen at the time of enrollment was summarized in Supplementary Table 1. The overall clinical characteristics of MDA5+DM were shown in Tables 1 and 2.


Table 1 | Demographic and clinical characteristics of the three MDA5+ DM Endotypes.




Table 2 | Inpatient treatment and prognosis of the MDA5+ DM patients.







Circulating immune cell profiles alter in MDA5+ DM

We compared immunological distributions (including T, B and NK cells, neutrophils, and monocytes) between patients and HC, and found that the patients had a disrupted immunological landscape (Figure 1A). Specifically, these differences included a decrease in CD4+ T cells (39.98 vs 43.07%, P = 0.0383), NK cells (9.40 vs 13.56%, P < 0.0001), and an increase in neutrophils and B populations (80.58 vs 61.66%, P < 0.0001; 24.21 vs 13.76%, P < 0.0001, respectively) in patients with MDA5+ DM compared with HC. The alternations in peripheral immune cell subsets were further visualized via PCA (Figure 1B). PCA plots showed that the elevated neutrophils and B cells were the biggest immune cell changes.




Figure 1 | Immunological differences between MDA5+ DM and HC. (A) The differences in the compositions of the innate immune system (including neutrophil, monocyte, and NK cell) and the adaptive immune system (CD4+ T, CD8+ T, and CD19+B cell, namely B cell) between MDA5+ DM and HCs were shown. (B) The loading plot and the score plot of PCA visualized and verified the differences in immune cell profiles between MDA5+DM and HCs. The overall p-value is firstly marked (*P < 0.05 and ****P < 0.0001). Unpaired t-tests or Mann–Whitney U tests were used between two groups as appropriate.







Unsupervised clustering analysis identified three MDA5+ DM endotypes

Three MDA5+ DM endotypes (Endotype1, Endotype2, and Endotype3) were identified through hierarchical clustering analysis based on peripheral immune cell profiles. The results are shown in a combination of a dendrogram and a heatmap (Figure 2A). A two-dimensional PCA further confirmed that the three endotypes of MDA5+ DM patients had distinct immune cell profiles (Figure 2B).




Figure 2 | Peripheral immune cell profiles identify three endotypes in MDA5+ DM (A) Three endotypes of MDA5+ DM patients were divided through hierarchical clustering analysis. (B) The loading plot and the score plot of PCA visualized and verified the differences in immune cell profiles among the three MDA5+ DM endotypes.



The immunological compositions and changes of the three endotypes were displayed in Figures 2A, B and Supplementary Table 2. Among the three endotypes, Endotype1 (n = 45) had the highest percentages of CD4+ T cells and monocytes, and the lowest percentage of neutrophils (overall P < 0.0001 shown in top of the figure); Endotype2 (n = 42) had the highest percentage of B cells (overall P < 0.0001); while Endotype3 (n = 36) had the highest percentages of CD8+ T cells and NK cells, and the lowest percentage of CD4+ T cells (overall P < 0.0001), shown by Figure 3A. Cut-off values were determined for further clinical exploration. The cut-off for CD4+ T% was 42.4 (sensitivity 86.67%, specificity 82.05%), for B% was 26.05 (sensitivity 83.33%, specificity 82.72%) and for CD8+ T% was 24.05 (sensitivity 77.78%, specificity 82.76%) to identify patients from the other endotypes. ROC curves are shown in Supplementary Figure 3.




Figure 3 | Comparisons among the three endotypes of patients with MDA5+ DM. (A) Violin plots showed the differences in the proportions of each immune cell subset among the clustered endotypes. (B) Clinical heterogeneity among the three endotypes was shown in the heatmap; The overall p-value is marked at the top of each image (*P < 0.05; **P < 0.005; ***P < 0.0005; ****P < 0.0001; ns, no significance). One-way ANOVA or Kruskal-Wallis H tests were used among three groups, while categorical variables were compared using chi-squared or Fisher’s exact tests as appropriate, followed by post-hoc tests for specific differences between every two groups.







Clinical characteristics differ in the MDA5+ DM endotypes

The three identified MDA5+ DM endotypes were further explored to determine whether different immune cell profiles lead to different clinical characteristics. The results are presented in Figure 3B and Table 1. And the specific differences between every two groups were shown in Supplementary Table 3. RPILD had the highest prevalence in Endotype2 (P < 0.001). Endotype1 had lower prevalence RPILD than Endotpye2 (P < 0.0001). Similarly, spontaneous pneumomediastinum occurred mostly in Endotype2 and no cases were recorded in Endotype1 (overall P = 0.005 among the three Endotypes). In addition, Endotype1 had higher incidence of periungual capillary changes than Endotype3, while Endotype2 had more patients with myalgia or muscle weakness than Endotpye3; the two clinical manifestations were less likely to be found in Endotype3 (overall P = 0.043 and 0.005, respectively; specific differences between every two groups seen in Supplementary Table 3). Only one case of spontaneous intramuscular hemorrhage occurred in Endotype3. Fewer males were found in Endotype1, when compared with Endotype3 (P = 0.0051). Laboratory test results are shown in Table 1. The lowest leukocyte counts were found in Endotype1 (overall P = 0.002). C-reactive protein level was highest in Endotype3 (overall P = 0.016). Cytomegalovirus infection and pneumocystis infection were mostly found in Endotype3, along with the lowest CD4/CD8 ratio (overall P = 0.003, 0.018, and < 0.001, respectively). Fibrinogen, creatinine, and urea levels also differed among endotypes, while γ-glutamyl transpeptidase (γ-GT) and alkaline phosphatase (ALP) levels were higher in Endotype2 (overall P = 0.024, 0.020, <0.001, 0.017, and 0.001, respectively). These results showed the clinical heterogeneity among the MDA5+ DM endotypes.





Immune function fluctuations behind the MDA5+ DM endotypes

Given the differences in the above immune cell profiles in patients and their impacts on clinical features, we further explore whether the function and status of these immune cells changed. We collected limited samples (n = 33, 10 in Endotype1, 12 in Endotype2, and 11 in Endotype3) in the MDA5+ DM for further analysis and found that the CD3-CD20+ cells and plasma cells in Endotype2 were significantly higher than those in the other two groups (all P < 0.05, shown in Figure 4A). To investigate the CD8+ T cell activation, we found CD8+CD38+ cells and CD8+HLA-DR+cells in the Endotype3 were significantly higher than Endotype1, but there was no statistically significant difference to the Endotype2 (Figure 4B). We further analyzed the related cytokines mainly by those immune cells, and found that the IFN-gamma and IL-10 in the Endotype3 were significantly higher than those in Endotype1, and the IL-2 and IL-2R in Endotype3 were higher than those in Endotype2 (all P < 0.05, Figures 4C, D). And the incidence of CMV and pneumocystis infection in the Endotpye3 group was significantly higher than that in the Endotype1. Therefore, under the complex immune changes, we explored whether those immune fluctuations in CD8+CD38+ and CD8+HLA-DR+ cells could distinguish infection among the endotypes. The cut-off of CD8+CD38+% was 45.7 (sensitivity 75%, specificity 76.92%) and CD8+HLA-DR+% was 36.1 (sensitivity 90%, specificity 76.92%). The ROC curves were shown in Figure 4E.




Figure 4 | Immune function fluctuations behind the MDA5+ DM endotypes. (A) Violin plots showed CD3-CD20+ cells and plasma cells of B cell related subsets among the three endotypes. (B) The compositions of activated T cells differed in the three endotypes. (C, D) The main cytokines express levels (including IFN-gamma, IL-10, IL-2, IL-2R) among the three endotypes. (E) ROC curve of CD8+CD38+ cells and CD8+HLA-DR+ cells to distinguish infection or not among the MDA5+ DM; The overall p-value is firstly marked (*P < 0.05; **P < 0.005; ***P < 0.0005; ns, no significance). One-way ANOVA or Kruskal-Wallis H tests were used as appropriate among three groups followed by post-hoc tests for specific differences between every 2 groups.







Treatments and outcomes varied in the MDA5+ DM endotypes

Treatments and disease outcomes were further investigated to determine if the risk was stratified among the three MDA5+ DM endotypes (shown in Table 2, Figures 5A, B). And the specific differences between every two groups were shown in Supplementary Table 4 and Supplementary Figure 4. The proportion of patients using a low dose of steroids (≤ 0.5 mg/kg/day of prednisone) was lower in Endotype2 than that in Endotype3 (P = 0.0120), while the proportion of patients taking a high dose of steroids (> 1 mg/kg/day of prednisone) was higher in Endotype2 than that in Endotype1 (P = 0.0062). Disease-modifying anti-rheumatic drugs, especially tacrolimus, were more frequently used in Endotype2 and less commonly in Endotype3 (overall P = 0.048 and 0.047, respectively). In addition, when using ILD progression, death during hospitalization, FLAIR score, and 3-month mortality to evaluate disease outcomes and prognosis, all these indicators showed that Endotype1 had the best outcomes with the least intensive treatment, lowest progression of ILD during hospitalization, inpatient death, 3-month mortality, and FLAIR score (Figure 5). Endotype2 and Endotype3 had higher incidence of inpatient ILD progression (P = 0.0004 and 0.0024, respectively) and were highly associated with 3-month mortality despite the most intensive treatment than that of Endotype1(P = 0.0185 and 0.0262, respectively). These results showed the prognostic heterogeneity of the MDA5+ DM endotypes.




Figure 5 | Prognosis of patients with MDA5+ DM. (A) FLAIR score was analyzed among the three endotypes. (B) Prognosis heterogeneity among the three endotypes was displayed in the heatmap; The overall p-value is firstly marked (*P < 0.05; **P < 0.005; ***P < 0.0005; ns, no significance). One-way ANOVA or Kruskal-Wallis H tests were used among three groups, while categorical variables were compared using chi-squared or Fisher’s exact tests as appropriate, followed by post-hoc tests for specific differences between every two groups.








Discussion

MDA5+ DM is a distinct subtype of idiopathic inflammatory myopathies. The aetiology and pathogenesis of MDA5+ DM remain elusive, with a potential contributing role for T cells, B cells, neutrophils, and natural killer cells (2). Drugs targeting T cells (calcineurin inhibitors) and B cells (anti-CD20) have shown a certain role in clinical application (2, 13), so the classification based on immune cell subsets might provide a new perspective for the individualized treatment. In our current work, we have identified three disease endotypes based on peripheral immune cell profiles in an inpatient cohort. Endotypes based on clinical accessible data give us important references. Different clinical manifestations, laboratory results, and disease outcomes have also been revealed among the endotypes. The heterogeneity of the endotypes is multi-dimensional, with the potential to change clinicians’ perspectives on MDA5+ DM and inspire new research into the pathogenesis and therapy options for patients with different endotypes.

Among the identified endotypes, Endotype1 exhibited the best prognosis with the lowest incidence of death in 3 months, inpatient death, and inpatient ILD progression; it had the highest percentage of CD4+ T cells and monocytes, and the lowest percentage of neutrophils. A higher incidence of periungual capillary changes, a lower incidence of RPILD, and lower leukocyte counts were also features of this endotype. RPILD is known as an important predictor of mortality (22). Leukocyte count has been reported as an independent predictor of survival in CTD-ILD (23). Periungual erythema has also been found to be a protective predictor of survival in MDA5+ DM-ILD (24). We also observed in Endotype1 with the lowest mortality at 3 months had higher periungual erythema.

Endotype2 has the highest B cells percentage among the three endotype, showing notable treatment implications. Most patients had RPILD, spontaneous pneumomediastinum, muscle involvement, and inpatient ILD progression, despite the most intensive therapy. Levels of γ-GT, ALP, and urea-to-creatinine ratio were all higher in this endotype. As γ-GT was reported to be higher in dead patients with MDA5+ DM, and as liver dysfunction might be a clinical manifestation caused by activated macrophages in MDA5+ DM (25, 26), liver function monitoring should be recommended. Further, an increase in the urea to creatinine ratio (UCR) has been reported to reflect the state of catabolism and poor nutrition in persistent critical illness and other chronic diseases (27, 28). The increase of UCR observed in this endotype might be largely due to disease severity and poor overall condition of this endotype. As the endotype mainly featured an increase in the percentage of B cells, CD3-CD20+ cells, and plasma cells, B-cell -targeted therapy needs greater attention. Unfortunately, no such therapy was used in Endotype2 (shown in Table 2). A systematic review that presented information on 35 patients with MDA5+ DM who had received rituximab treatment found that 71.43% (25/35) of patients responded to treatment (29). The anti-CD20 drug seems to be promising, and other B-cell-targeted drugs including Bruton’s tyrosine kinase inhibitors are also worth investigating. Recently, a refractory case with a life-threatening RPILD in MDA5+ DM has been successfully treated with daratumumab, an anti-CD38-antibody (30). Single-cell RNA sequence on peripheral B cells also revealed that the B cell compartment was greatly activated with the terminal differentiation of antibody-secreting cell in active MDA5+ DM patients (13). More studies should be encouraged to explore the treatment potential of B-cell and CD38+ plasma-targeted therapies in MDA5+ DM, especially in the high B cell% endotype.

Endotype3 was characterized by the significantly elevated CD8+ T cells, having the highest level of CRP among the three groups, showing a poor prognosis that presented as higher RPILD, 3-month mortality than that in Endotype1. The expression levels of IL-2 and IL-2R, which are related to proliferative and activation of T cells (31, 32), were significantly elevated in Endotype3. Recent study also found that CD8+ T cell response is activated in MDA5+ DM, suggesting that CD8+ T cells could be the potential target (13). More cytomegalovirus and Pneumocystis infections were found in this endotype. Concomitant infection is a common complication of MDA5+ DM, which is also a potential trigger of MDA5-DM (2). Infections, such as viruses or fungi, have complex influence to immune system (2, 33). In vivo antigen-activated human T cells have been shown to be identified by a CD38 bright, HLA-DR+ phenotype after infection (34). Patients in Endotype3 showed the increased expression of IFN-gamma and the highest percentage of CD8+CD38+ cells and CD8+HLA-DR+ cells, which might be the complicated results of interactions between infection and primary disease. More researches are needed to explain the underlying mechanism and cause-and-effect relationship. In this state of MDA5+ DM, the cut-off of CD8+CD38+ cells and CD8+HLA-DR+ cells could distinguish ADM+ DM with or without infections, which might have a certain significance for clinical judgments and need more studies to validate. Uncontrolled expansion of CD8+ T cells producing IFN-gamma and other cytokines delay the termination step of the pro-inflammatory response (31). Studies have pointed out that CD38 is a surface marker of T cell exhaustion, which can inhibit the expression of cytotoxicity-related molecules through histone methyltransferase EZH2, thereby reducing the abilities of CD8+ T cell degranulation, perforin production and killing (35, 36), which increases the risk of infection in the body. These may further imply that both the disorder in the immune system and exposure to viral infection could trigger the deterioration of MDA5+ DM in different endotypes. Timely screening for concurrent infections and anti-infective therapies are crucial for better disease outcomes. The role of CD8+ T cells in MDA5+ DM requires further exploration.

This study has some limitations. Patients with missing data and those with <2500 lymphocytes for flow cytometry were not included. The need for prompt treatment and lack of untreated inpatients meant that the enrolled patients were already treated before sampling. Asymptomatic patients with no hospitalization history in our center could also be missed by the current study. It must be pointed out that our current work is mainly described in single-center, thus limiting the external validity of these findings. Further prospective studies are required to perform in other populations or diseases. However, this is a novel study that successfully identified distinct disease endotypes from immune cell profiles and fully explored their significance for the management of patients with MDA5 + DM.





Conclusions

In conclusion, three disease endotypes were identified through hierarchical clustering analysis of the immune cell profiles of patients with MDA5+ DM. Clinical and prognostic differences were also confirmed among the endotypes, indicating the underlying heterogeneity. These results could help promote clinical stratification, pathogenesis investigations, and personalized treatment strategy or novel drug discovery targeting such key immune cell types in MDA5+ DM.
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OEBPS/Images/table2.jpg
Characteristics All MDA5+DM Endotypel Endotype2 Endotype3 overall

(n=123) (n = 45) (n=42) (n = 36) P-value
Inpatient Treatments
Low-dose steroid® 22 (17.9) 6(13.3) 4(9.5) 12 (333)
Median-dose steroid® 86 (69.9) 38 (84.4) 29 (69) 19 (52.8) 0.002
High-dose steroid® 15 (12.2) 12.2) 9 (21.4) 5(13.9)
DMARDs" 103 (83.7) 38 (84.4) 39 (92.9) 26 (72.2) 0.048
Biologic DMARDs 18 (14.6) 5(11.1) 7 (16.7) 6(16.7) 0.703
Tac® 66 (53.7) 21 (46.7%) 29 (69.0%) 16 (44.4%) 0.047
CyA 22(17.9) 10 (22.2%) 7(16.7%) 5(13.9%) 0.603
CTX 4(3.3) 3(6.7%) 0 1(2.8%) 0.205
MMF 2(1.6) 1(2.2%) 0 (0%) 1(2.8%) 0.748
Jaki 22(17.9) 9 (20%) 9 (21.4%) 4(11.1%) 0.445
Thalidomide 10 (8.1) 3 (6.7%) 6 (14.3%) 1(2.8%) 0.199
Basiliximab 13 (10.6) 4 (8.9%) 6 (14.3%) 3 (8.3%) 0.709
Rituximab 2(1.6)) 1(2.2%) 0 (0%) 1 (2.8%) 0.748
Tocilizumab 4(3.3) 1(2.2%) 1(2.4%) 2 (5.6%) 0.681
Iguratimod 11 (8.9) 2 (4.4%) 4 (9.5%) 5 (13.9%) 0.323
HCQ 10 (8.1) 2 (4.4%) 4 (9.5%) 4 (11.1%) 0.499
No.of sSDMARDS = 2 39 (31.7) 11 (24.4) 19 (45.2) 9 (25) 0.067
Prognosis
Progression of LD during hospitalization 43 (34.9) 6(13.3) 21 (50) 16 (44.4) 0.001
Inpatient death® 25 (20.3) 2 (4.4) 11 (26.2) 12 (33.3) 0.003
3-month mortality™ 31 (25.2) 5(11.1) 14 (33.3) 12 (33.3) 0.024

One-way ANOVA or Kruskal-Wallis H tests were used among three groups, while categorical variables were compared using chi-squared or Fisher’s exact tests as appropriate, followed by post-
hoc tests for specific differences between every two groups.

“There is significant difference between Endotype2 and Endotype3.

There is significant difference between Endotypel and Endotype3.

“There is significant difference between Endotypel and Endotype2.

DMARD, disease-modifying antirheumatic drug.

SDMARD, synthetic disease-modifying antirheumatic drug, including tacrolimus, cyclosporine A, cyclophosphamide, mycophenolate mofetil, Janus Kinase inhibitor, hydroxychloroquine,
thalidomide, and iguratimod.

Biologic DMARD: include basiliximab, tocilizumab, and rituximab.

Tac, tacrolimus; CyA, cyclosporine A; CTX, cyclophosphamide; MMF, mycophenolate mofetil; Jaki, Janus Kinase inhibitor; HCQ, hydroxychloroquine; ILD, interstitial lung disease.
Low-dose steroid was defined as < 0.5 mg/kg/day of prednisone; median-dose steroid was defined as > 0.5 and < 1.0high dose of prednisone; high-dose steroid was defined as > 1 mg/kg/day
of prednisone.

The P-value reflected the overall difference among the three groups.

The specific differences among every two groups were shown in Supplementary Table 4.

Values in bold are statistically significant at p < 0.05.
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OEBPS/Images/table1.jpg
Characteristics Al MDA5+DM Endotype 1 Endotype2 Endotype3  overall P-value
(n=123) (n = 45) (n=42) (n = 36)
Age (years) 5231 + 12.07 52.89 + 11.04 5283 £ 11.71 50.97 + 13.84 0.735
Sex (M/F)* 32/91 6/39 15/27 11/25 0.045
Clinical manifestations
Shawl sign (n, %) 29 (23.6) 10 (22.2) 13 (31) 6 (16.7) 0.322
Gottron’s sign (n, %) 91 (73.9) 32 (71.1) 32 (76.2) 27 (75) 0.853
Heliotrope rash (n, %) 44 (35.8) 2(26.7) 19 (45.2) 13 (36.1) 0.196
Mechanic hand (n, %) 39 (31.7) 16 (35.6) 16 (38.1) 7 (19.4) 0.165
V sign (n, %) 38 (30.9) 13 (28.9) 13 (31) 12 (33.3) 0.912
Periungual capillary changes (n, %)* 21 (17.1) 12 (26.7) 7 (16.7) 2 (5.5) 0.043
Myalgia or muscle weakness (n, %)° 38 (30.9) 5(33.3) 19 (45.3) 4 (11.1) 0.005
RPILD (n, %)° 39 (31.7) 6(133) 23 (54.8) 10 (27.8) <0.001
Arthralgia (n, %) 35(28.5) 18 (40) 7 (16.7) 10 (27.8) 0.054
Fever (n, %) 27 (21.9) 9 (20) 7 (16.7) 11 (30.6) 0.310
Spontaneous pneumomediastinum (n, %)? 12 (9.8) 0(0) 7 (16.7) 5(13.9) 0.005
Hoarseness (n, %) 5(4.1) 3(6.7) 2 (4.8) 0(0) 0.376
Spontaneous intramuscular hemorrhage (n, %) 1(0.8) 0(0) 0(0) 1(2.8) 0.293
Days of follow-up (days) 245.00 + 232.20 275.00 + 331.40 208.00 + 287.8 250.60 + 355.20 0.626
Laboratory results
Leukocyte counts (x10A9/L)* 7.20 £ 338 5.94 +2.64 8.21 +3.67 7.59 +343 0.002
Ferritin (ug/L) 1142 + 1178 1048.10 + 931.12 1391.92 + 1662.5 968.04 + 623.69 0.229
LDH (U/L) 357.70 + 182.70 318.20 + 106.26 390.55 + 245.36 368.58 + 167.89 0.167
CRP (mg/L)b 1095 + 20.10 8.24 £21.42 9.22 +10.65 16.61 +26.13 0.016
ESR (mm/h) 38.63 + 23.08 37.20 + 24.47 38.36 £22.25 40.75 £ 22.72 0.788
Fibrinogen (g/L)* 333 £ 1.03 3.04 £ 0.80 3.35 £ 1.07 3.67 £ 1.17 0.024
ALT (U/L) 75.16 + 99.18 77.62 £ 95.13 96.00 + 132.01 47.78 + 34.61 0.157
YGT (U/L)* 134.00 + 212.70 78.47 £ 7643 21661 £3333 114.46 + 103.94 0.017
ALP (U/L)® 91.42 + 46.51 74.80 + 20.23 108.27 + 58.03 95.71 + 49.09 0.001
K (U/L) 115.60 + 230.8 89.78 + 96.50 1404 £ 259.8 121.9 £ 309.4 0.396
Cr (umol/L)* 5147 +20.23 46.19 £ 9.77 51.28 + 15.32 58.30 + 30.79 0.020
Urea (mmcd/L)d 6.17 £ 2.99 4.93 + 1.36 7.08 +3.30 6.81 +3.64 < 0.001
UCR® 0.12 + 0.04 0.11+ 031 0.14 £ 0.05 0.12 £ 0.38 0.049
CD4/CD8" 229 £ 140 3.00 £ 146 2,66 +1.12 1.00 £ 0.46 < 0.001
Cytomegalovirus DNA above normal (n, %) 13 (10.6) 0(0) 6(14.3) 7 (194) 0.003
Pneumocystis 7 (5.7) 0(0) 2 (48) 5(13.9) 0.018

infection (n%)*

One-way ANOVA or Kruskal-Wallis H tests were used among three groups, while categorical variables were compared using chi-squared or Fisher’s exact tests as appropriate, followed by post-
hoc tests for specific differences between every two groups.

“There is significant difference between Endotypel and Endotype3.

There is significant difference: Endotypel vs Endtoype3, Endotype2 vs Endotype3.

“There is significant difference: Endotypel vs Endtoype2, Endotype2 vs Endotype3.

YThere is significant difference: Endotypel vs Endtoype2, Endotypel vs Endotype3.

“There is significant difference between Endotypel and Endotype2.

RPILD, rapidly progressive interstitial lung disease; LDH, lactate dehydrogenase; CRP, C-reactive protein; ESR, erythrocyte sedimentation rate; ALT, alanine transaminase; YGT, y-glutamyl
transpeptidase; ALP, alkaline phosphatase; CK, creatine kinase; Cr, creatinine; UCR, urea to creatinine ratio; NMR, neutrophil to monocyte ratio.

The P-value reflected the allover difference among the three groups.

The specific differences among every two groups were shown in Supplementary Table 3.

Values in bold are statistically significant at p < 0.05.





