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Background

To date a complete characterization of the components of the complement (C) pathways (CLassical, LEctin and ALternative) in patients with systemic lupus erythematosus (SLE) has not been performed. We aimed to assess the function of these three C cascades through functional assays and the measurement of individual C proteins. We then studied how they relate to clinical characteristics.





Methods

New generation functional assays of the three pathways of the C system were assessed in 284 patients with SLE. Linear regression analysis was performed to study the relationship between the activity, severity, and damage of the disease and C system.





Results

Lower values of the functional tests AL and LE were more frequent than those of the CL pathway. Clinical activity was not related to inferior values of C routes functional assays. The presence of increased DNA binding was negatively linked to all three C pathways and products, except for C1-inh and C3a which were positively related. Disease damage revealed a consistent positive, rather than a negative, relationship with pathways and C elements. Anti-ribosomes and anti-nucleosomes were the autoantibodies that showed a greater relationship with C activation, mainly due to the LE and CL pathways. Regarding antiphospholipid antibodies, the most related with C activation were IgG anti-β2GP, predominantly involving the AL pathway.





Conclusion

Not only the CL route, but also the AL and LE are related to SLE features. C expression patterns are linked to disease profiles. While accrual damage was associated with higher functional tests of C pathways, anti-DNA, anti-ribosomes and anti-nucleosomes antibodies, were the ones that showed a higher relationship with C activation, mainly due to the LE and CL pathways.
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Introduction

The complement (C) system is a key component of innate immunity and a “complement” (hence its name) for antibody-triggered responses. It consists of almost 60 plasma and membrane proteins that form three distinct but overlapping pathways of activation, as well as a common terminal lytic cascade and a network of regulators and receptors (1). There are three major pathways of complement activation: the classical (CL), the alternative (AL) and the lectin (LE), pathways. The CL pathway is initiated by antibody-dependent as well as antibody-independent mechanisms leading to the formation of C1 proteolytic complex; the AL pathway is characterized by plasma tonic low-level C3 activation by hydrolysis in a process termed “tick-over”; and the LE pathway is initiated by target recognition through mannose-binding lectin and ficolins that are proteins components involved in host responses against foreign organisms such as bacteria and viruses. The main functions of C include, among others, recognition and clearance of foreign pathogens and antigens, phagocytosis of opsonized targets, and promotion and modulation of humoral immune responses (1).

Systemic lupus erythematosus (SLE) is a chronic, occasionally life-threatening, multisystem immune-mediated disorder. Patients can present with a wide range of symptoms, signs, and laboratory findings and have a variable prognosis depending on the severity of the disease and the type of organ affected. Hypocomplementemia is a typical laboratory finding in patients with SLE, reflecting in most cases activation of the C system by immune complexes. Accelerated consumption exceeds synthesis, being the main cause of the hypocomplementemia (2). In this setting, low C values tend to correlate with more severe SLE, especially renal disease, and with antibodies to double-stranded DNA, while return to normal levels with treatment is a good prognostic sign (3). However, routine C assessment in the clinical setting is generally restricted to the measurement of inactive C3 and C4 zymogens, without considering activated or regulatory molecules. Since many other factors besides consumption can affect the serum levels of C proteins, the only evaluation of the C3 and C4 values cannot be considered a surrogate marker of C activity in SLE (4).

Although it is becoming more commercially available, neither functional C assays nor individual plasma C components other than C3 and C4 are routinely used by most experienced lupus clinicians. In this regard, the medical literature lacks studies in which a complete characterization of the C system in patients with SLE has been performed. In the present work, we have evaluated the three C-system pathways through next-generation functional assays in a well-characterized series of SLE patients with a diverse set of organic manifestations. In addition, we have measured C components belonging to all three C pathways, including proteolytically derived fragments and serum regulators of the C system. Our aim was to identify how the functional levels of the three C pathways, and specific C elements of these pathways relate to damage, severity, and activity of the disease, as well as to individual characteristics of the disease.





Material and methods




Study participants

This was a cross-sectional study that included 284 patients with SLE. All patients with SLE were 18 years or older, had a clinical diagnosis of SLE, and met ≥ 4 American College of Rheumatology (ACR) classification criteria for SLE (5). Patients were recruited since 2016 to 2021. They had been diagnosed by rheumatologists and were regularly followed up in rheumatology outpatient clinics. Patients were excluded if they had a history of cancer, chronic liver and/or renal failure, evidence of acute and/or chronic active infection, and/or any other chronic autoimmune disease other than a condition such as antiphospholipid and/or Sjögren’s syndrome associated with SLE. Research was carried out in accordance with the Declaration of Helsinki. The study protocol was approved by the Institutional Ethics Committees of the Hospital Universitario de Canarias and the Hospital Universitario Doctor Negrín (both in Spain), and all subjects provided informed written consent (Approval Number 2015_84).





Data collection

Patients included in the study completed a medication use questionnaire and underwent a physical examination. Medical records were reviewed to verify specific diagnoses and medications. SLE disease activity and damage were assessed using the Systemic Lupus Erythematosus Disease Activity Index -2000 (SLEDAI-2K) (6) and the Systemic Lupus International Collaborating Clinics/American College of Rheumatology (SLICC/ACR) Damage Index -SDI- (7), respectively. For the purpose of the present study, the SLEDAI-2k index was divided into none (0 points), mild (1-5 points), moderate (6-10 points), high (11–19) points, and very high activity (≥20) points as previously described (8). The severity of the disease was measured using the Katz index (9). Fasting serum samples were collected and frozen at -80°C until analysis of C system.





Laboratory assessments

The SVAR functional C assays under the Wieslab® brand (Sweden) were used to assess CL, AL and LE pathways activity. These tests combine principles of the hemolytic assay for C function with the use of labelled antibodies specific for the neoantigen produced as the result of C activation. The amount of neoantigen generated is proportional to the functional activity of C pathways. Microtiter strip wells are coated with CL, LE, or AL pathway-specific activators. The patient’s serum is diluted in a diluent containing a specific blocker to ensure that only the studied pathway is activated. During the incubation of the diluted patient serum in the wells, the specific coating activates C. The wells are then washed, and C5b-9 is detected with an alkaline phosphatase labeled specific antibody against the neoantigen expressed during membrane attack complex (MAC) formation. After an additional washing step, detection of specific antibodies is obtained by incubation with alkaline phosphatase substrate solution. The amount of C activation correlates with the intensity of the color and is measured in terms of absorbance (optical density). The amount of formed MAC (neo-epitope) reflects the activity of the C cascade. The result is expressed semi-quantitatively using the optical density ratio between a positive control and the sample. Wieslab® has validated these functional assays by studying their correlation and concordance with the classical CH50 and AH50 hemolytic tests (https://www.svarlifescience.com/). C2, C3, C3a, C4 and C1q were analyzed by turbidimetry (Roche), C1-inhibitor was analyzed through nephelometry (Siemens) whereas factor D and factor H were assessed by enzyme linked immunosorbent assay (ELISA Duoset, R&D). Both intra and inter-coefficients of variability were < 10% for these assays.





Statistical analysis

Demographic and clinical characteristics were described as mean ± standard deviation (SD) or percentages for categorical variables. For non-normally distributed continuous variables, data were expressed as median and interquartile range (IQR). The relationship of SLE features with circulating C system molecules and pathways was assessed through linear regression analysis. All the analyses used a 5% two-sided significance level and were performed using Stata software, version 17/SE (StataCorp, College Station, TX, USA). P-values <0.05 were considered statistically significant.






Results




Demographic and disease-related data of patients with systemic lupus erythematosus

Demographic and disease-related characteristics of patients with SLE are shown in Table 1. Most of them were women (92%) and the mean age ± SD was 50 ± 12 years. The age of diagnosis was 34 ± 13 years, and the duration of the disease was 16 ± 10 years. At the time of recruitment, 67% of the patients were positive for anti-DNA and 69% for ENA, with anti-SSA being the most frequently found antibody (35%). Sixteen percent of patients met the definition of associated antiphospholipid syndrome, and 32% had at least one positive antiphospholipid antibody. The majority of patients with SLE were in the categories of no activity (40%) or mild-moderate activity (55%) as shown by the SLEDAI-2K score. SDI and Katz indexes were 1 (IQR 0-2) and 2 (IQR 1-4), respectively. Sixty-eight percent of the patients had a SDI score equal to or higher than 1. Regarding treatments at the time of assessment, half of the patients (50%) were taking glucocorticoids and the median equivalent daily dose of prednisone was 5 mg/day (IQR 5-7.5 mg). Sixty-nine percent of the patients were taking hydroxychloroquine when the study was performed. Other less used drugs were methotrexate (11%) and azathioprine (15%). Table 1 shows additional information on the data related to SLE.


Table 1 | Demographic and disease-related data of patients and controls.



Functional C assays of the CL, AL and LE pathways were 91 ± 38%, 41 (IQR 12-79) % and 10 (IQR 1-41) %, respectively. Single C components, C1q, C2, C3, C3a, C1-inhibitor (C1-inh), and factor D and H serum values are shown in Table 1.

A graphical representation of the frequency distribution of the three C pathways functional assays is additionally shown in Supplementary Figure 1. In this figure, X axes represents the value of the functional assay, and Y axes is the number of patients with a given value. As it can be observed, while the CL pathway functional test was normally distributed, both AL and LE were skewed to the left toward lower values. Correlations between C routes functional assays and individual components are shown in Supplementary Table 1, and Supplementary Figures 2 (scatterplots of C functional assays and C3 and C3a) and 3 (chord diagrams). C functional assays and molecules were positively and highly correlated with each other, except for factors D and H, which showed a non-significant relationship with C routes and products (Supplementary Table 1). A chord diagram showing a many-to-many relationship between C elements, and routes, as curved arcs within a circle is illustrated in Supplementary Figure 3. Thickness of the arcs are proportional to the significance of the flow. As it can be seen, flows or connections between nodes did not show a specific pattern of C activation, since all C elements generally correlated to each other in a similar manner (Supplementary Figure 3).





Complement pathway activity and relationship of individual proteins to indices of activity, damage, and disease severity in SLE

The relationship of the SLEDAI-2K, SDI, and Katz indices to the three C pathway functional assays and C products is shown in Table 2. In these analyses, the scores are the independent variable and are considered both continuous and categorized (SLEDAI-2K inactive, mild, and moderate to very high; SDI equal to or greater than 1; and Katz equal to or greater than 3). With respect to SLEDAI-2K, in general, this score was related to lower values of the C pathway tests and products. In particular, C2, C3 and C1q and AL route were the ones that revealed a higher negative relationship with both continuous and categorized crude SLEDAI-2K. In addition, SLEDAI-2K was also associated with lower C3a values in the comparison between the mild and inactive categories. In contrast, C1-inh and factors D and H did not reveal associations with crude SLEDAI-2K.


Table 2 | Complement pathways activity and individual components relation to activity, damage and severity indices.



Since SLEDAI-2K includes laboratory items (hypocomplementemia and anti-DNA), we additionally calculated the “clinical” SLEDAI-2K in which those two items were not included in the calculation. When the “clinical” - not classical - SLEDAI-2K was tested, most of the significant relationships were lost. This score was only related to higher values of C1q (which belongs to the CL cascade) and higher serum levels of C3a, denoting activation of all three C pathways. (Table 2).

Regarding SDI, this score was related to higher values of the functional tests CL, AL and LE, and higher circulating C2, C3a, C1-inh and C1q. No relationship was found between SDI and C3, C4 and factors D and H. The Katz index was not related, in general, with the functional C tests or with the C components. A positive relationship was only found with C1-inh both when considering this score as continuous or binary (Table 2 and Supplementary Figure 4).





Relationship of SLEDAI-2K and SDI elements to complement pathways and individual proteins

A heatmap representation of C pathways and molecules relationship to SLEDAI-2K and SDI items and domains is represented, respectively, in Figures 1, 2. Some C expression patterns can be deduced from these heat maps. Remarkably, the presence of increased DNA binding was negatively related to all three C pathways and products, except for C1-inh and C3a which were positively related. The negative relationship between DNA binding and C was higher for the CL pathway parameters. In addition, low complement, which is defined in the SLEDAI-2K score through the measurement of C3 and C4 in the clinical setting, was associated with lower levels of both C functional assays and products of all three pathways, including the C3a activation product. The CL pathway showed the greatest relationship with the C consumption item.




Figure 1 | Heatmap of SLEDAI-2K items relation to C pathways activation and serum molecules. Values in the cells represent Spearman’s rho coefficient (* denotes p value < 0.05). Positive and negative correlations are shown in blue and red, respectively. The number of patients who met each SLEDAI-2K Item is shown in the right margin. CL, classical; AL, alternative; LE, lectin; fD, factor D; fH, factor H. CL, LE and AL in circles refer to the functional tests of these cascades.






Figure 2 | Heatmap of SDI items relationship to C pathways activation and serum molecules. Values in the cells represent Spearman’s rho coefficient (* denotes p value < 0.05). Positive and negative correlations are shown in blue and red, respectively. The number of patients who complied with each item of the SDI is shown in the right margin. CL, classical; AL, alternative; LE, lectin; fD, factor D; fH, factor H. CL, LE and AL in circles refer to the functional tests of these cascades.



Items referring to skin, joint, and renal manifestations were associated with higher levels of most of the C parameters. In this sense, the strongest relationship with arthritis was found for C1q in a positive manner. The functional test CL was the one that presented a higher and positive association with most of the renal items. Instead, the hematological features of the disease were related, in general, with lower levels of C values. Regarding regulator molecules, while factor H was mostly related to thrombocytopenia, it was found that the greatest relationship of C1-inh was with the hypocomplementemia item.

With respect to SDI, an overall view of the heatmap of Figure 2 showed a predominance of blue cells, denoting, therefore, a positive relationship between SDI items and C routes and components. The C parameters that revealed a greater relationship with the CL pathway were the ocular and neuropsychiatric domains, followed by the renal and pulmonary domains. Furthermore, the SDI domain that had the strongest association with the AL cascade was gastrointestinal. Similarly, the C parameters that had the highest correlation with the diabetes and cardiovascular domains were, respectively, C1-inh and factor D. A complete heatmap of all the SDI items is shown in Supplementary Figure 5.





Relationship of autoantibodies to the complement system

The relationship of ENA, anti-DNA and antiphospholipid autoantibodies to C system is shown in Supplementary Figure 6 as a heatmap. Moreover, the relationship of these autoantibodies to the sum of C pathways activation is illustrated in Figure 3. In this sense, anti-ribosomes and anti-nucleosomes were the autoantibodies that showed a greater relationship with C activation, mainly due to the LE and CL pathways. The anti-La was the ENA least related to the AL pathway. Low relationship with AL was also found with anti-DNA and anti-histone. Regarding antiphospholipid antibodies, the most related with C activation were IgG anti-β2GP, primarily involving the AL pathway.




Figure 3 | Relationship of autoantibodies to the sum of the Spearman’s rho correlation indices of the three C pathway functional assays. Values in the cells represent Spearman’s rho coefficients. Positive and negative correlations are shown. CL, classical (orange); AL, alternative (blue); LE, lectin (green). ACA, anticardiolipin antibodies; anti-beta2, anti-beta2glycoprotein antibodies; lupus antic.: lupus anticoagulant.








Discussion

Our study is the first in the literature in which the three C pathways have been fully characterized in a large set of SLE patients with a wide variety of organic manifestations. Our data support the complexity of the C system in patients with SLE and how it is linked to certain manifestations of the disease. Specifically, while accrual damage is related to superior levels of C individual elements and functional assays, increased DNA binding, and anti-ribosomes and anti-nucleosomes, were the autoantibodies that showed a higher relationship with C activation, mainly due to the LE and CL pathways. According to our findings, the identification of C disturbances may serve as a guide in the therapeutic and prognostic approach of SLE patients.

In our work, according to the frequency distribution of the pathways, the lowest values of the functional tests of the AL and LE pathways were more prevalent than those of the CL pathway. This would imply that the deficit or activation of the AL and LE pathways was more frequent compared to the CL pathway in our population with SLE. This finding of lower values in the LE pathway is consistent with current knowledge of SLE and controls on this pathway. In this regard, deficiencies affecting the LE pathway have been reported to be common, and this may result in lower levels of this LE functional assay in both patients and controls (10). However, to date, functional AL tests have been described to be normally distributed in healthy individuals (11). This was not the case in our SLE patients in which AL curve is skewed to the left towards lower values. In this sense, it is well known that the AL pathway is highly influenced by events that occur in other C pathways. In this regard, AL convertase-C3 amplifies C activation initiated in any pathway, exerting positive feedback to the entire system, and SLE patients more frequently suffer from mutations and autoantibodies that affect C system molecules and regulators. Therefore, we believe that the combination of all this may explain why AL functional test values were skewed to the left reflecting deficit but also activation of this route in SLE patients.

In our analysis of C system in SLE, functional assays were positively related to serum molecules and vice versa. This was also the case for C3a, where a negative correlation would have been expected because this molecule is a proteolytically derived activated element and not an inactive zymogen. We believe that this can be explained by the combination of some evidence: hepatic hyperproduction of complement proteins as acute phase reactants in inflammatory scenarios, spontaneous C3 “tick-over” leading to C3a formation, and secretion of intracellular C3 stores by part of T cells under certain conditions (12). Furthermore, only factors D and H showed non-significant and low relationships with the C pathways or components. One possible explanation could be the presence in SLE of anti-factor H autoantibodies and/or factor H mutations that result in loss of function, as described in other immune-mediated conditions, such as some thrombotic microangiopathies and glomerular diseases (13, 14). Also, factor D, which cleaves factor B, is the only component that can be lost in substantial amounts in the urine. However, in our work an exact amplification pattern or image in SLE could not be described through the representation of chord diagrams. We understand, the high complexity of system C does not allow drawing a clear figure that represents the SLE population.

In our study, the clinical SLEDAI-2K, which does not contain the hypocomplementemia and anti-DNA items, was associated with higher levels of circulating C3a. Despite this, the clinical SLEDAI-2K was not associated with any of the C pathway functional assays or with other serum molecules. This means that, in our work, classical -not clinical- SLEDAI-2K did not capture consumption or alterations in C molecules and pathways. In this regard, it should be remembered that criticism has arisen regarding the SLEDAI-2K score because, for example, only the presence/absence of each item is scored, but its severity cannot be assessed; some elements are over-emphasized while others are under-weighted; and some severe conditions are not captured as activity in this index because there are no items for them (15). According to our results, SLEDAI-2K would not be an optimal tool to capture C disturbances in patients with SLE.

In addition to its key role in host defense, C also promotes inflammation. In this sense, it is known that the activation of the C system leads to the release of “anaphylatoxin” peptides, which are potent mediators of the inflammatory and immune response. These anaphylatoxins bind to their respective receptors on cells to initiate inflammation and vasodilation that in turn activate many cell types (16). Accordingly, C participates in angiogenesis, mobilization of hematopoietic progenitor cells (17) and tissue regeneration (18). Furthermore, C3 activation can occur intracellularly, resulting in the production of autocrine produced proinflammatory cytokines to signal the inflammasome (19). In this regard, C causes the release of mediators, such as interleukin 6, tumor necrosis factor alpha, and soluble vascular endothelial growth factor from multiple cell types, including monocytes and macrophages (20).

Our study evaluated for the first time the relationship of cumulative disease damage with C. Regarding this, disease damage assessed by SDI, which does not contain C-related items, showed in our study a positive relationship with serum C levels and its functional tests. This relationship was found not only with functional assays of all three pathways, but also with various components of all three pathways such as C1q (CL pathway), C2 and C1inh (CL and LE pathways) and C3a (common pathway). Furthermore, when the SDI score was broken down into its different domains and items, the strongest positive relationships were found mainly with the ocular, neuropsychiatric, renal, peripheral vascular, cardiovascular, and diabetes domains. Therefore, we believe that the positive association between the disease damage and the C system is consequence of the inflammation, angiogenesis and tissue repair mechanisms, which has been established due to the accrual damage in different organs.

Regarding the association between SLE and C autoantibodies, some authors have found that anti-Sm, anti-DNA and anti-SSA are related to C3, C4 and/or C3a (13, 21, 22), while others have described a lack of association between anti-RNP autoantibodies and C3 and C4 (23). The relationship of SLE autoantibodies with C functional assays has not been studied until the present work. The fact that these relationships have been evaluated through functional tests, and not using C elements, is of great value. In our study, anti-ribosomes and anti-nucleosomes were the antibodies that had the greatest relationship with the functional tests of C.

It is known that the complement system and coagulation are related. In fact, there is great interference between coagulation and C, so activation of one system can amplify the other (24). For example, higher levels of C5b-9 are reported in patients with antiphospholipid syndrome, many patients with antiphospholipid syndrome have hypocomplementemia and/or elevated levels of C activation products Bb and C3a (25, 26). In addition, C activation has also been reported in patients with isolated antiphospholipid antibodies or primary antiphospholipid syndrome unrelated to SLE (25). In this sense, it is striking that in our study the antiphospholipid antibody most related to C activation was the anti-β2GP IgG subtype. This is consistent with the fact that this autoantibody is considered etiopathogenic, and the one with a higher relation to clinical manifestations in antiphospholipid syndrome (27).

Dysregulation of the C system is now known to play an important role in various diseases, from autoimmune conditions and sepsis to neurodegenerative disorders and graft rejection. For this reason, an increasing number of pharmaceutical companies are focusing on developing drugs that regulate the C system at different levels and the field of research is growing every year in areas where C is suspected to be a pathological problem, which raises the question if treatment options within system C are needed. We believe that a better understanding of the role of C in SLE, as shown in our study, could pave the way for the development of therapies related to the C system in patients with SLE. However, it should be noted that our study is mainly exploratory. Correlations of disease manifestations with C pathways and molecules are shown descriptively. The fact that the correlations were sometimes not significant should not be interpreted as a limitation since several manifestations of the disease are rare and infrequent. Our representation through heatmaps aims to describe patterns of activation of the C system for certain manifestations of the disease.

In our study we used novel assays that analyzed C activity based on enzyme immunoassay technology and not through the traditional haemolytic based methods. These new assays have been validated and correlate well with the classical haemolytic ones. Besides, it is well known that the ELISA format offers superior ease of handling, increased objectivity in interpretation, faster turnaround time and increased stability and reagent quality as compared to haemolytic assays. Moreover, the ELISA is suitable for automation which further adds to the ease of use. Reports that use this technology in several diseases and conditions have become frequent in the literature. For example, these assays have been used to assess C function in vasculitis (28, 29), in the study of C deficiencies (30), response to treatments in conditions like retinopathies and coronavirus infection (30, 31) and other diseases (32).

We acknowledge the limitation that our study has a cross-sectional design and therefore causality cannot be inferred. Besides, the prospective implications that the C abnormalities found in our study may have in disease expression warrant further studies in the future. Genetic deficiencies of many C components are strongly associated with the development of SLE and influence the disease. In this regard, we also acknowledge that we have not performed a genetic evaluation of the C system or studied the presence of antibodies against C particles. A potential limitation of our study could be that we did not test C in healthy controls and focused specifically on patients with SLE, as these patients are known to have C abnormalities.

In conclusion, our study demonstrates the complexity of the C system in patients with SLE. All three pathways, not just the CL pathway, appear to be disrupted in SLE patients. Alterations of the C system may contribute to the expression of the disease in terms of serological and clinical manifestations, activity, and damage.
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Supplementary Figure 1 | Frequency distribution of the three complement pathways functional assays in the SLE patients. X axes represents the percentage value of each pathway; Y axes express the number of SLE patients. Functional C pathways are shown semi-quantitatively using the optical density ratio between a positive control and the sample. While classical pathway functional test was normally distributed, the alternative and lectin routes were skewed to the left toward lower values showing, therefore, activation of these paths.

Supplementary Figure 2 | Scatterplots of the correlation between C functional assays of the 3 pathways and C3 and C3a.

Supplementary Figure 3 | Chord diagrams of the relationship of all C pathway functional assays and the serum molecules between them (left), and of the three C pathway functional tests to serum C elements (right). This diagram shows a many-to-many relationship between C elements and routes as curved arcs within a circle. Thickness of the arc is proportional to the significance of the flow. As it can be seen, flows or connections between nodes did not show a specific pattern from which a certain association can be inferred. CL, classical; AL, alternative; LE, lectin; fD, factor D; fH, factor H.

Supplementary Figure 4 | Relation of SDI score (continuous variable) and C functional assays of the three routes. CL, classical; AL, alternative; LE, lectin.

Supplementary Figure 5 | Heatmap of complete SDI items relationship to activation of C pathways and serum molecules. Values in the cells represent Spearman’s rho coefficient (* denotes p value < 0.05). Positive and negative correlations are shown in blue and red, respectively. The number of patients who met each SDI item is shown in the left margin. CL, classical; AL, alternative; LE, lectin; fD, factor D; fH, factor H. CL, LE and AL in circles refer to the functional tests of these pathways.

Supplementary Figure 6 | Heatmap of complete autoantibodies and lupus anticoagulant relation to C pathways functional assays and serum molecules. Values in the cells represent Spearman’s rho coefficient (* denotes p value < 0.05). Positive and negative correlations are shown, respectively, in blue and red. The number of patients who presented each autoantibody is shown in the right margin. CL, classical; AL, alternative; LE, lectin; fD, factor D; fH, factor H.ACA: anticardiolipin antibodies, anti-beta2: anti-beta2glycoprotein antibodies; lupus antic., lupus anticoagulant. CL, LE and AL in circles refer to the functional tests of these cascades.

Supplementary Table 1 | Spearman’s rho correlations between C pathways and products. In columns CL: classical pathway functional assay, LE: lectin path functional assay, AL: alternative pathway functional assay. Units are only shown in rows. Spearman’s Rho correlation index and p value are shown in cells. Significant p values are depicted in bold.
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