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POPULAR SCIENCE SUMMARY OF THE THESIS 

Antineutrophil cytoplasmic antibody (ANCA)-associated vasculitides (AAV) are relatively 

rare and serious autoimmune diseases causing inflammation in small blood vessels. They are 

characterized by the presence of autoantibodies called ANCA. The incidence varies between 

4.6 to 33 cases/million per year and the prevalence between 30 to 421 per million. The clinical 

manifestations vary, from a limited local form to multi-organ involvement with serious organ 

failure. The kidneys are affected in 70-90% of patients and the disease can lead to kidney 

failure. If AAV is left untreated, the death rate is high, around 80% in the first year after 

diagnosis. The treatment consists of corticosteroids and other immunosuppressives to regulate 

the immune response and thereby suppress the disease activity. The treatment is often 

associated with side effects such as infections, diabetes, osteoporosis, cancer, and infertility. 

The risk of a disease relapse is high, about 50% of patients experience a disease relapse within 

the first five years after diagnosis. Unfortunately, there are no reliable methods to predict the 

risk of serious disease or the relapse risk in the individual patient.  

The aim of this thesis was to identify and investigate biological molecules (biomarkers) that 

could be useful for monitoring disease activity in AAV.  

In study 1, we investigated three different biomarkers that are expressed on extracellular 

vesicles. Extracellular vesicles are small particles released from various cells. Their 

composition, action and effect depend on the type of cells and the conditions they derive from. 

We found that concentrations of extracellular vesicles expressing the molecule Pentraxin-3 

(PTX3) and high mobility group box 1 (HMGB1) were higher in AAV patients with active 

compared to inactive disease and that their concentrations correlated with disease activity. 

In study 2, we investigated PTX3, a marker of inflammation. PTX3 has been found to be 

elevated in patients with autoimmune diseases, such as systemic lupus erythematosus (SLE) 

and rheumatoid arthritis (RA). We found that the levels of PTX3 in blood and urine were higher 

in AAV patients with active disease compared to at a follow-up where most patients had 

inactive disease. We also found that the levels correlated with disease activity.  

In study 3, we investigated the protein TNF-related weak inducer of aptoptosis (TWEAK) by 

measuring levels in blood and urine from patients at disease diagnosis and follow-up. We found 

that the levels of TWEAK in urine were higher in patients with active AAV compared to at a 

follow-up where most patients had inactive disease, and that the urinary levels correlated to 



disease activity. When performing immunohistochemical staining on kidney biopsies, we saw 

stronger staining of TWEAK in patients with active AAV compared to controls.  

In study 4, we investigated extracellular vesicles expressing markers that can affect blood 

coagulation. We found that the concentration of extracellular vesicles that express the 

molecules tissue factor (TF) and citrullinated histone-3 (H3Cit) were higher in patients with 

active compared to inactive disease and that the concentration of extracellular vesicles 

expressing TF correlated to disease activity in patients with AAV. We also investigated 

whether these extracellular vesicles affected the generation of thrombin, a protein important 

for blood coagulation. Our results show that the thrombin generation was increased in patients 

with AAV compared to controls and that extracellular vesicles may influence the thrombin 

generation.  

In conclusion, in this thesis we have investigated different potential biomarkers in AAV. These 

biomarkers may be involved in both the development of the disease and the complications seen 

in AAV. They can potentially be used to assess the AAV disease activity and possible identify 

patients at risk of occurrence of a disease relapse.  

  



 

 

ABSTRACT 

Background: Antineutrophil cytoplasmic antibody (ANCA) associated vasculitis (AAV) is a 

heterogenous group of relatively rare and serious small vessel vasculitides, characterized by 

the presence of proteinase 3 (PR3) ANCA or myeloperoxidase (MPO) ANCA. The disease 

manifestations vary widely, from a localized form to a serious disease with multi-organ failure. 

When untreated the mortality rate is high, around 80% in the first year from diagnosis. 

Improvements in treatment have resulted in better prognosis but disease relapses, comorbidities 

and treatment side effects remain a challenge.  

Aims: the aims of this thesis were the following: 1) to identify potential non-invasive 

biomarkers that could aid in the evaluation of disease activity in AAV, and 2) to explore the 

role of these potential biomarkers in the pathogenesis of AAV.  

Material and methods: Patients from a well characterized cohort of AAV patients were 

included in the studies. For comparison control samples from population-based cohorts were 

used. Biomarkers were measured in urine and/or plasma/serum. Analysis of extracellular 

vesicles (EVs) was performed with flow cytometry. Thrombin generation was evaluated with 

a modified Calibrated Automated Thrombogram (CAT) assay after addition of EV-enriched 

pellets. The disease activity was assessed with the Birmingham Vasculitis Activity Score 

(BVAS). Immunohistochemical staining was carried out on kidney biopsies and the well-

established Berden score was used for histopathological classification.  

Study I: MPO-positive extracellular vesicles (MPO+EVs) expressing pentraxin-3 (PTX3), 

high mobility group box 1 (HMGB1) protein, and tumor necrosis factor-like weak inducer of 

apoptosis (TWEAK) were analysed in 46 AAV patient, (whereof 23 patients had an active 

disease) and 23 controls. Serum HMGB1, PTX3 and TWEAK levels were also measured. 

Levels of MPO+EVs expressing all investigated biomarkers were significantly higher in 

patients compared to controls. Levels of MPO+EVs expressing PTX3 and HMGB1 were 

significantly higher in active compared to inactive disease and correlated with BVAS. 

Moreover, serum PTX3 levels were higher in patients with active compared to inactive disease 

and correlated with BVAS but the same was not found for TWEAK or HMGB1.  

Study II: Plasma PTX3 levels were measured in 79 patients with active AAV at baseline and 

6-month follow-up as well as in 23 controls. Urinary PTX3 levels were measured in 34 of the 

patients. The plasma and urinary PTX3 levels were significantly higher at baseline compared 

to follow-up and correlated with BVAS at baseline. Both the plasma and urinary PTX3 levels 



correlated to albuminuria and the estimated glomerular filtration rate. Moreover, patients with 

kidney involvement had higher plasma and urinary PTX3 levels compared to those without.  

Study III: Serum TWEAK levels were measured in 74 patients with active AAV at baseline 

and 6-month follow-up as well as in 20 controls. Urinary TWEAK levels were measured in 69 

patients. Urinary TWEAK levels were higher at baseline compared to follow-up and correlated 

with BVAS at baseline. Patients with kidney involvement had higher urinary levels compared 

to those without and a correlation between urinary TWEAK and albuminuria was found. Serum 

TWEAK levels were higher in patients at inclusion compared to follow-up but did not correlate 

with BVAS. A significant difference in serum TWEAK levels in AAV patients compared to 

controls was not seen. Immunohistochemical staining of kidney tissue from AAV patients 

showed a clear expression of TWEAK and a weaker staining for fibroblast growth factor-

inducible 14 (Fn14) (TWEAKs receptor).  

Study IV: MPO-positive extracellular vesicles (MPO+EVs) expressing tissue factor (TF), 

citrullinated histone-3 (H3Cit) and plasminogen (Plg) were analysed in 46 patients with AAV 

(whereof 23 had active disease) and 23 controls. Concentrations of MPO+EVs expressing TF 

and H3Cit were significantly higher in patients with active compared to inactive disease and 

controls. Concentrations of MPO+EVs expressing Plg were higher in the total AAV group 

compared to controls but there was no difference between active and inactive patients. 

Concentrations of MPO+EVs expressing TF correlated with disease activity. Thrombin 

generation was augmented in AAV patients compared to controls and a correlation between 

MPO+EVs expressing TF and H3Cit and the parameters of thrombin generation was found.  

Conclusions: Our findings indicate that circulating and urinary PTX3, urinary TWEAK as 

well as EVs expressing PTX3, HMGB1 and TF could be useful biomarkers in AAV. Thrombin 

generation is augmented in patients with AAV and is associated with concentrations of 

MPO+EVs expressing TF and H3Cit. These findings suggest that these biomarkers may have 

a role in the pathogenesis of the hypercoagulability seen in AAV. 
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1 INTRODUCTION 

 

1.1 ANCA-ASSOCIATED VASCULITIS  

Systemic vasculitides are heterogeneous diseases that involve inflammation of blood vessel 

walls which can lead to necrosis and organ damage. Several attempts to standardize the 

classification and nomenclature of vasculitides based on disease criteria have been pursued. 

The International Chapel Hill Consensus Conference (CHCC) nomenclature is the most used 

definition where vasculitides are subdivided into groups based on a combination of findings. 

Non-infectious vasculitides are categorized by the type of vessels involved, large, medium and 

small vessel vasculitis (1) (figure 1). Antineutrophil cytoplasmic antibody (ANCA)-associated 

vasculitides (AAV) is a group of necrotizing vasculitides that predominantly affect small and 

medium sized vessels with few or no immunoglobulin or complement deposits (pauci-

immune). According to the CHCC nomenclature AAV are further divided into clinical variants 

or diseases, i.e. granulomatosis with polyangiitis (GPA), microscopic polyangiitis (MPA), and 

eosinophilic granulomatosis 

with polyangiitis (EGPA). 

These conditions are 

associated with ANCAs that 

are specific for proteinase 3 

(PR3-ANCA) or myelo-

peroxidase (MPO-ANCA) (1, 

2). MPO-ANCA is typically, 

but not exclusively, seen in 

MPA and in 40% of EGPA 

cases, whereas and PR3-

ANCA is mostly seen in GPA. 

A granulomatous inflammation with necrosis is seen in GPA and EGPA in contrast to MPA 

which is characterized by non-granulomatous necrotizing inflammation (1). 

1.2 CLASSIFICATION CRITERIA  

There has been a lack of validated diagnostic criteria for AAV although classification criteria 

have been used to standardize inclusion of cohorts of patients in research settings. The 

classification of American College of Rheumatology (ACR) was introduced in 1990 (3). These 

criteria have limitations due to the absence of ANCA testing and what is more the lack of MPA 

Figure 1. Distribution of vessel involvement by large vessel vasculitis, 

medium vessel vasculitis, and small vessel vasculitis. Reproduced from 

(1) with permission from John Wiley and sons.  
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criteria since it was not a widely recognized condition at that time. In 2007 the European 

Medicines Agency (EMA) published an algorithm for categorizing patients with ANCA 

associated vasculitis in epidemiologic studies (4). Recently, the ACR/EMA published a new 

revised classification criteria for GPA, MPA, and EGPA based on the multinational Diagnostic 

and Classification Criteria for Vasculitis study (DCVAS) with more weight being put on 

ANCA positivity (5-7). The classification into different phenotypes has been debated and it has 

been suggested that a classification based on ANCA serotypes would be more appropriate as 

the disease course, genetic markers, and biomarkers biology correlate more strongly to ANCA 

serotypes than the proposed clinical phenotypes (8, 9). 

1.3  EPIDEMIOLOGY  

AAV are relatively rare conditions, the incidence varies between 4.6 to 33 cases per 

million/year and the prevalence between 30 to 421 per million (10, 11). The incidence of the 

different AAV subgroups is associated with geographical variation, with GPA being more 

common in Australia and northern Europe than MPA which is seen more in Asia and southern 

Europe (12-16). Although AAV can present in any age, the incidence increases with age and 

AAV is slightly more common in males than in females (11). In southern Sweden, the incidence 

has been shown to be about 21 cases per million/year with increasing incidence over 75 years 

of age (17). The differences in the registered prevalence and incidence might partly be due to 

difference in definitions and classification criteria but also to increased awareness of the disease 

and improved case identification. 

1.4 CLINICAL MANIFESTATIONS  

The clinical presentation varies widely, from a limited form restricted to the upper airway tract 

to a severe disease with multi-organ failure. Nearly every organ system of the body can be 

affected. Patients with AAV commonly present with prodromal symptoms and signs early in 

the course of the disease such as fatigue, myalgias, arthralgias, weight loss and fever. Upper 

respiratory tract involvement such as sinusitis, otitis, epistaxis, ulcerations, nasal deformity, 

and septal perforation are common and usually seen in GPA but not MPA. Lung 

manifestations, ranging from focal pulmonary infiltrates to alveolar hemorrhage, can occur in 

both GPA and MPA. Kidney involvement occurs in approximately 90% of patients with MPA, 
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70% of patients with GPA and can lead to kidney failure (18). Other GPA and MPA 

manifestations include neuropathy, especially mononeuritis multiplex, cutaneous 

manifestations, sensorineural and/or conductive hearing loss, gastrointestinal ulcerations, and 

ophthalmic manifestations such as conjunctivitis, scleritis, and uveitis. EGPA typically 

presents with symptoms of allergic rhinitis, asthma, and eosinophilia. Cardiac and neurological 

manifestations are more common in EGPA but kidney involvement less so compared to 

MPA/GPA (2, 19, 20). Summary of the potential organ involvement and the clinical 

manifestations of AAV is shown in figure 2 and table 1.  

Figure 2. Schematic presentation of the organ involvement in ANCA-associated vasculitis. Created with 

Biorender.com 

1.5 DIAGNOSIS  

The diagnosis of AAV can be cumbersome as the symptoms are often non-specific, especially 

in the prodromal phase that can last from weeks to years before diagnosis contributing to a 

delay in diagnosis and referrals to adequate care (21, 22). A case-control study from the United 

Kingdom demonstrated that AAV patients had increased contact with the health care in the 

year before diagnosis, especially during the last 3 months, and about 50% of the patients had 

one or more contact with secondary care givers before diagnosis (23). As untreated AAV 

carries a high mortality and morbidity it is of great importance to promptly identify these 

patients. Delay in diagnosis has been associated with an increased risk of mortality and kidney 

failure (24). 
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Table 1. Potential clinical manifestations of ANCA-associated vasculitis 

The diagnosis of AAV is based on clinical findings, supported by serology and histopathology. 

As patients often have more than one organ manifestation a systemic approach is needed (2, 

19). ANCA is present in approximately 90% of patients with GPA and MPA (28, 29). 

Previously, the main method for detection of ANCA was indirect immunofluorescence (IF) of 

ethanol-fixed neutrophils (figure 3). Antibodies against PR3 shows a diffuse staining in the 

cytoplasm (cytoplasmic ANCA, C-ANCA) whereas antibodies against MPO display a 

perinuclear staining pattern (perinuclear ANCA, P-ANCA) (30) (figure 3). The recommended 

SYSTEM MANIFESTATIONS 

Constitutional symptoms Fever, weight loss, anorexia, fatigue 

Kidneys Hematuria, proteinuria, acute kidney injury/failure, crescentic 

necrotizing glomerulonephritis 

Lungs Cough, dyspnea, stridor, wheeze, infiltrates, pulmonary hemorrhage, 

pulmonary fibrosis, nodules/cavitation (GPA), pleuritis, asthma 

(EGPA) 

Ear, nose and throat Rhinitis, sinusitis, bloody nasal discharge, nasal crusting, nasal 

ulceration, otitis media, sensorineural hearing loss, conductive 

hearing loss, nasal perforation (GPA), saddle nose (GPA), subglottic 

stenosis, tracheal stenosis  

Skin/mucosal Palpable purpura, ulcers, urticaria, leukocytoclastic vasculitis, digital 

infarcts, oral ulcers  

Nerve Peripheral neuropathy (typically mononeuritis multiplex), headache, 

seizures, cerebrovascular infarcts, spinal cord lesions 

Musculoskeletal Myalgia, arthralgia, arthritis 

Gastrointestinal  Gastrointestinal bleeding, diarrhea, nausea, abdominal pain, bowel 

ischemia, hepatitis (rare), pancreatitis (rare)  

Eyes Scleritis, uveitis, keratitis, retinal vasculitis, retinal hemorrhages, 

proptosis, and orbital granulomatous masses (GPA)  

Heart Myocarditis (most common in EGPA), heart block, endocarditis, 

pericarditis, pericardial effusions, valvular heart disease, 

cardiomyopathy 

GPA: granulomatosis with polyangiitis, EGPA: eosinophilic granulomatosis with polyangiitis. Information 

from (2, 25-27).  
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diagnostic screening method at present is however high-quality immunoassays, methods highly 

sensitive and specific for the detection of MPO- and PR3-ANCA. A positive ANCA serology 

strongly supports the diagnosis of AAV, but false-negative and false-positive results can be 

seen (31). The gold standard for a definite diagnosis of AAV are characteristic 

histopathological changes on biopsies (32). Kidney biopsies provide the best diagnostic yield, 

histopathological changes have been shown to be present in up to 91.5% of GPA patients with 

kidney manifestations whereas lung and ear, nose and throat (ENT) biopsies have lower 

sensitivity (33-35).  

1.6 PATHOGENESIS  

1.6.1 Risk factors and genetic factors 

The pathogenesis and etiology of AAV is complex and not fully understood but may involve 

environmental as well as genetic factors.  

Several environmental factors have been associated with AAV development. Exposure to 

various drugs including propylthiouracil, cocaine/levamisole and hydralazine have been shown 

to be associated with AAV (36). Silica dust exposure has also been associated with increased 

risk of AAV development (37). There has been much interest in infectious agents as potential 

triggers in AAV (38). Chronic nasal carriage of staphylococcus aureus (S. aureus) seems to be 

a risk factor for relapses in patients with GPA (39) and prophylactic treatment with co-

trimoxazole has been shown to decrease relapses in a prospective study of GPA patients (40). 

A recently published study revealed that patients with active GPA more often have positive 

nasal cultures for S. aureus compared to patients with inactive disease and controls. The same 

study found increased abundance of S. aureus in nasal microbiota in patients with active GPA 

compared to controls using shotgun metagenomic analysis (41).  

Several genes, including the major histocompatibility complex II (MHC II), have been 

associated with AAV. The human leukocyte antigen (HLA)-DP region was shown to have the 

strongest association with PR3 ANCA and HLA-DQ with MPO ANCA. Furthermore, there is 

an association with PRNT and SERPINA1 in PR3 positive AAV. Interestingly there seems to 

be a stronger genetic association with the type of ANCA (PR3 vs MPO) than the clinical 

phenotype (GPA vs MPA) (42, 43). This may partly explain the geographical variation in AAV 

subtypes although other factors such as UV radiation and latitude have been found to be 

associated with ANCA serotypes (16).  
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1.6.2 The role of ANCA 

ANCAs are autoantibodies directed against primary granule constituents in the cytoplasm of 

neutrophils and monocytes (44). ANCA and the association to small-vessel vasculitis was 

initially described in 1982 (45).  

There is some debate about the pathogenicity of ANCAs although animal studies have strongly 

indicated their pathogenic role, mainly in MPA models. Injection with MPO-ANCA or 

splenocytes from immunized MPO-deficient mice have been shown to cause focal necrotizing 

crescentic glomerulonephritis (GN) in mice (46) and 

MPO-ANCA has been found to be pathogenic in a rat 

model (47). Moreover, MPO deficient mice 

transplanted with MPO positive bone marrow develop 

necrotizing crescentic GN (48). A case report 

describing a maternal transfer of MPO-ANCA to a 

neonate leading to a pulmonary hemorrhage, 

proteinuria and hematuria further suggests a causative 

role of ANCA (49). The development of a PR3-ANCA 

animal model has been less straightforward and 

therefore the role of PR3-ANCA in the pathogenesis 

of AAV is less studied (50).  

There is however not a clear correlation between 

ANCA titers in AAV patients and disease activity 

although persistently positive ANCA and a rise in 

titers have been shown to be associated with relapses 

(51), particularly in serious disease with lung and 

kidney involvement (52, 53). Furthermore, not all 

patients with a typical clinical presentation and 

pathological findings, such as pauci-immune crescent 

GN, are ANCA positive and ANCA has been also been demonstrated to be present in healthy 

individuals (54). This has raised speculations that there might be other ANCA antigens 

involved in the pathogenesis of AAV than PR3 and MPO antigens (55). One such antigen is 

lysosomal membrane protein 2 (LAMP-2). It has been shown that LAMP-2 cross-reacts with 

FimH, a bacterial adhesin, and immunization with FimH leads to LAMP-2 ANCA production 

and a focal necrotizing GN (56). Whether LAMP-2 is involved in the pathogenesis of AAV in 

humans is however still not clear.  

Figure 3 Patterns of antineutrophil 

cytoplasmic antibodies (ANCA) by 

indirect immunofluorescence. 

Cytoplasmic ANCA (C-ANCA) and 

perinuclear ANCA (P-ANCA). Reprinted 

by permission from Springer Nature 

Customer Service Centre GmbH. (2). 
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1.6.3 Priming and activation of neutrophils  

Priming of neutrophils by cytokines and a direct action of ANCA on primed neutrophils are 

believed to be core elements of the pathogenesis of AAV (57). An animal model of MPO AAV 

has shown that neutrophil depletion prior to transfer of anti-MPO antibodies prevents disease 

development of necrotizing and crescentic GN (58). Priming is believed to be triggered by for 

instance infectious agents and the associated cytokine release from dendritic cells, T-cells, and 

macrophages. Priming of neutrophils leads to translocation of ANCA antigens to the neutrophil 

cell surface to which ANCA bind. The Fc regions of ANCAs also engage with Fc receptors 

on neutrophil surfaces. This binding starts a cascade that leads to activation of the neutrophils. 

Activated neutrophils produce cytokines, undergo respiratory burst, degranulation and 

NETosis, a form of cell death with the release of neutrophil extracellular traps (NETs) leading 

to vascular endothelial injury (57, 59-63). NETs are made of chromatin fibers and granule 

proteins and contain various peptides, including MPO and PR3 (62). NETs function is believed 

to trap and kill microbial invaders but can also cause tissue damage in autoinflammatory 

conditions (59, 62, 64). NETs are present in inflammatory lesions in kidney biopsies from 

patients with active AAV and elevated NET fragments in serum are present in active disease 

(62). The serum DNAse 1 activity which degrades NETs has been shown to be reduced in AAV 

(65). The release of reactive oxygen species (ROS) and formation of NETs by activated 

neutrophils lead to endothelial damage (60) and upon induction with ANCA NETs have been 

shown to trigger activation of the alternative complement pathway (66). NETs are also believed 

to be involved in loss of tolerance to specific antigens, such as PR3 and MPO, as it has been 

demonstrated that NETs can transfer cytoplasmic antigens from neutrophils to dendritic cells 

and thereby trigger further immune responses (67).  

1.6.4 The complement system   

Previously the complement system was not believed to play an important role in AAV as 

complements are typically not found in staining of lesions and circulating levels are not reduced 

in AAV. This is in contrast to some immune complex mediated glomerular diseases and 

systemic lupus erythematosus (SLE) (68). However, in recent years, accumulating evidence 

has revealed that activation of the complement system, particularly the alternative pathway, 

plays a pivotal role in the pathogenesis of AAV.  

An anti-MPO AAV animal model study demonstrated that mice deficient in C5 or factor B did 

not develop the disease when injected with anti-MPO IgG. Moreover, mice deficient in C4, a 

central component of the classical and lectin pathways, were not protected from disease 

development (69). Treatment with C5 inhibiting antibodies prior to administration of anti-MPO 
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IgG thwarts disease development in mice and MPO-deficient mice immunized with MPO, 

irradiated and then transplanted with bone-marrow from C5a-/- mice as well as C5aR knockout 

mice are protected from the disease development (70-72). Murine studies have furthermore 

demonstrated that C5a receptor 1 is required for induction of MPO-ANCA and neutrophil 

recruitment and activation in the kidney (73). Defects in Factor H, a major regulator of 

complement activation, have been shown to be present in patients with AAV and are associated 

with activation of neutrophils (74). Moreover, MPO has been demonstrated to be capable of 

activating the alternative complement pathway and to reduce the regulatory activity of Factor 

H (75, 76).  

Although there is sparse complement deposition in the glomeruli in AAV, some studies have 

revealed C3 and C3c deposition in kidney biopsies (77-79) and furthermore found that the 

presence of these depositions were associated with more severe kidney injury (78) and worse 

overall and kidney survival prognosis (79). Another study on kidney biopsies from AAV 

patients found that the membrane attack complex (MAC), C3d , factor B and factor P were 

present in active lesions in patients with AAV but not C4d or mannose-binding lectin (MBL) 

(80). Similar findings were seen in another study on kidney biopsies from AAV patients where 

depositions of C3c, C3d and C5-9 were present in glomeruli. The same study demonstrated 

higher urinary C3a, C5a, C5b-9 and Bb levels in AAV patients with active disease compared 

to in remission and healthy controls (81). Another study reported elevated plasma levels of 

circulating C3a, C5a, soluble C5b-9 and Bb in patients with active disease compared to patients 

in remission but there was no difference in C4d levels (82). In a study of 76 AAV patients, 5% 

had low levels of C3 and/or C4. The overall and kidney prognosis was found to be worse for 

patients with hypocomplementemia and all patients with hypocomplementemia had kidney 

involvement (83). The complement involvement may not be limited to the alternative pathway, 

the results of a recent study indicate a role of immune-complex mediated activation of the 

classical pathway as well in the pathogenesis of AAV (84). 

Schreiber et al showed in vitro that ANCA mediated activation of neutrophils induced 

activation of the complement cascade and a production of C5a in serum, which in turn resulted 

in priming of neutrophils and ANCA-induced respiratory burst (71). A later study demonstrated 

that by providing a scaffold for activation of the alternative complement pathway NETs 

contribute to endothelial injury (60). These findings suggest that neutrophil activation promotes 

activation of the alternative complement pathway leading to the generation of C5a which is 

believed to impact the priming of neutrophils. This causes a circle of amplification that 

contributes to the pathogenesis of AAV (85).  
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Figure 4. Shematic presentation of pathways in the pathogenesis of AAV. Cytokines and C5a prime neutrophils. 

Primed neutrophils express PR3 and MPO which ANCA bind to. This binding leads to activation of the neutrophils 

with production of cytokines, respiratory burst, and release of neutrophil extracellular traps (NETs). During 

NETosis extracellular vesicles are released. This process results in vascular endothelial injury. Adapted from 

"Endothelial Barrier Inflammation and Leak (Layout)", by Biorender.com (2022). Retrieved from 

https://app.biorender.com/biorender-templates  

1.6.5 T-cells  

Cellular immunity is also implicated in disease development in AAV. As noted above PR3 

ANCA has been strongly associated with HLA-DP (42). CD4+ T-cells promote the production 

of ANCA after presentation of PR3 and MPO (57). Numbers of CD4+ effector memory T cells 

are decreased in blood and elevated in urine in active AAV (86) and infiltration of both CD4+ 

and CD8+ T cells is seen in affected tissue (87, 88). Although there is conflicting evidence on 

the role of regulatory T-cells (Tregs) in AAV it is believed that impairment in their function 

could contribute to the loss of tolerance (89-91). Decrease in the number of Tregs have been 

associated with disease activity in AAV (92) and CD4+T cells showing resistance to Treg cell 

suppression have been found in AAV patients (93). Levels of T helper 17 (Th17) cells, cells 

characterized by production of interleukin-17 (IL-17), have been demonstrated to be increased 

in patients with AAV. Levels of IL-17 and IL-23, a cytokine that stimulates the release of IL-

17 from Th-17 cells, have furthermore been shown to be elevated in patients with active AAV 

(94). Moreover, IL-17 deficient mice developed less severe anti-MPO necrotizing GN (95). In 

patients treated with Rituximab (RTX), T-cell mediated tubulo-interstitial inflammation has 

been shown to predict worse kidney outcome (96). 

https://app.biorender.com/biorender-templates
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1.6.6 B-cells  

B-cells are believed to be of vital importance in the pathogenesis of AAV. B-cells produce 

ANCA and have become an important and effective therapy target. RTX, an anti-CD20 

depleting antibody, causes B-cell depletion in the periphery and is today one of the first-line 

treatments in AAV (32). Animal studies have indicated that regulatory B-cells are important in 

suppressing immune responses in autoimmunity (97). The B cell survival factor B cell-

activating factor (BAFF) has been found to be elevated in active AAV (98). In vitro studies 

have demonstrated increased expression of BAFF on the membrane surface of neutrophils 

following ANCA mediated activation and that BAFF release from ANCA-activated 

neutrophils promotes B-cell survival (99). A difference in B-cell subsets in AAV patients with 

higher C19 expression compared to controls may be important for autoreactive B-cell 

activation (100). Other studies have revealed a decrease in regulatory B-cells in AAV (101). 

Recently, Wang et al demonstrated elevated counts of a subset of circulating B-cells in active 

disease and a correlation with kidney injury (102). Furthermore, activated B cells have been 

shown to be present in granulomatous lesions in AAV (103). Unpublished but reported data 

demonstrates that although RTX treatment causes near-completion of plasma B-cells counts 

subsets of B-cells in tissues are not affected (104). This may explain, at least partly, the risk of 

relapse in RTX treated patients.  

A schematic presentation of the pathways involved in the pathogenesis of AAV is shown in 

figure 4.  

1.7 TREATMENT 

The treatment consists of immunosuppressive therapy given in two phases, a remission 

induction phase that lasts for 3 to 6 months and a maintenance phase to prevent relapses (32).  

1.7.1 Remission induction treatment 

The goal with induction treatment in AAV is to reach a clinical remission.  

1.7.1.1 Glucocorticoids 

Glucocorticoids (GCs) have traditionally been a central part of AAV treatment although there 

are no trials that have assessed the effect of GCs alone. Patients with severe manifestations 

such as alveolar hemorrhage and rapidly progressive GN can be given intravenous (iv) GC 

pulses although the data on the benefits is sparse and it has moreover been shown to be 

associated with an increased risk of infections and diabetes mellitus (105). In the recently 

published PEXIVAS trial patients were randomized to a standard- or low-dose GC treatment. 
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A low-dose treatment was noninferior to a standard-dose when it came to mortality and kidney 

failure and there was a reduction in severe infections during the first year of follow-up in the 

low-dose group (106).  

1.7.1.2 Cyclophosphamide 

Cyclophosphamide (CYC) has been the standard treatment since the 1970s. Initially it was 

given orally in daily doses. There were however concerns of side effects and cumulative dose 

especially with repeated treatment courses. Later the CYCLOPS trial showed that iv CYC 

given in pulses was as effective at achieving remission as oral CYC therapy (107). There was 

a lower total dose of CYC and decreased risk of complications. In a long-term follow-up study, 

there were however more relapses in the iv pulsed group especially in those with PR3-ANCA 

positive disease (108).  

1.7.1.3 Rituximab  

RTX is a chimeric monoclonal mouse antibody directed against the CD20 antigen found on the 

surface of B-lymphocytes. Treatment with RTX leads to B cell depletion (109). Two 

randomized controlled trials (RCTs) have compared RTX to CYC, RAVE and RITUXIVAS 

(110, 111). Both showed RTX to be noninferior to CYC. Furthermore, RTX seems to be more 

effective in relapsing disease (111).  

RTX in combination with CYC has been used as an induction treatment and seems to have a 

favorable outcome in severe AAV (112, 113). 

1.7.1.4 Methotrexate and mycophenolate mofetil  

Methotrexate (MTX) can be considered in patients with non-organ threatening disease and 

normal kidney function as an alternative to CYC and RTX (32). A RCT comparing MTX and 

daily oral CYC showed noninferiority in remission rates at 6 months. However, MTX was less 

effective in patients with pulmonary manifestations and more serious disease and long-term 

follow-up revealed higher relapse rate in patients receiving MTX (114).  

The MYCYC RCT compared mycophenolate mofetil (MMF) to iv CYC treatment and found 

noninferiority in achieving remission although relapses were more common in the MMF group. 

(115). MMF treatment could be an alternative in patients with milder disease without life-

threatening organ manifestations, especially in patients with MPO-ANCA positive disease 

(116).  



 

18 

1.7.1.5 Plasma exchange  

Plasma exchange (PLEX) has traditionally been recommended in patient with rapidly 

progressive GN and with diffuse alveolar hemorrhage. However, the results of the PEXIVAS 

trial showed that PLEX did not lead to reduction of mortality or kidney failure (106). A recently 

published meta-analysis did not show any effect of PLEX on mortality but a reduced risk of 

kidney failure as well as an increased risk of serious infections at 12 months follow-up (117).  

1.7.1.6 Complement inhibition 

There has been a growing interest in the targeting the complement system with treatment while 

reducing the burden of GCs. A recently published RCT, the ADVOCATE trial, compared the 

use of prednisolone versus avacopan, a C5a receptor inhibitor, in combination with either CYC 

or RTX for induction therapy. The results demonstrated that avacopan was noninferior to 

prednisolone when it came to remission at 26 weeks and superior to prednisolone with respect 

to remission at 52 weeks. Additionally, patients treated with avacopan reported better kidney 

function, improved health related quality of life (QoL) and fewer infections (118).  

1.7.2 Remission maintenance treatment  

The second phase of AAV treatment is a remission maintenance treatment with the aim to avoid 

relapses in the disease.  

Previously oral CYC in combination with GCs was used for remission maintenance. The 

CYCAZAREM trial compared oral CYC treatment with azathioprine (AZA) and showed a 

similar relapse rate in the groups (119). Another trial compared MMF and AZA and found 

higher relapse rate in the MMF group. Severe adverse events were similar in both groups. Thus, 

MMF is no longer considered a first line maintenance therapy unless AZA intolerance is 

present (120). There has been increasing focus on RTX as remission maintenance treatment in 

recent years. The MAINRITSAN trial compared RTX with AZA and demonstrated the 

superiority of RTX with significantly fewer relapses (121). All the above-mentioned studies 

were done on patients that had received CYC as induction treatment. Recently, the results of 

the RITAZAREM trial were presented where treatment with AZA was compared to RTX 

following an remission induction treatment with RTX for relapsing AAV. The results show 

that RTX was superior to AZA in maintaining remission (122). 
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Figure 5. Algorithm to describe the management of ANCA-associated vasculitis. Dashed lines indicate alternative 

or supplementary action to consider. Reproduced from (32) with permission from BMJ Publishing Group Ltd. 

The optimal duration of the remission maintenance treatment is unclear. One trial compared 

two- to four-year AZA and GC treatment duration. The results showed a significant decrease 

in relapses in the long-treatment group as well as better kidney outcome, but an increased risk 

of infection (123). 

In 2016, the European League Against Rheumatism (EULAR), the European Renal 

Association, and the European Vasculitis Society (EUVAS) published an updated management 

recommendation for AAV (32). An algorithm to describe the management guidelines is shown 

in figure 5.  

1.8 PROGNOSIS  

Untreated AAV carries a 1-year mortality of around 80% with about 5 months median survival 

time (124). The outcome for AAV has however improved dramatically over time with modern 

treatment. In a systematic review the 5-year survival rate for MPA, GPA and EGPA was 45– 

76%, 74–91% and 60–97%, respectively (125). Nevertheless, current therapies are associated 

with adverse effects and these in combination with the severity and morbidity of the disease 

impact the prognosis (126, 127). The main cause of death in the first year after diagnosis are 

infections and active vasculitis with around 60% of deaths being related to therapy. Later the 

most common causes of mortality are cardiovascular disease (CVD), infections, and 

malignancy (127, 128). Advanced kidney disease, high disease activity and older age at 

presentation are all predictors of poor outcome (129).  
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Treatment is generally effective, but relapses are common with over 50% of patients relapsing 

within 5 years while some may have refractory disease (130-132). Risk factors that have been 

associated with increased risk for a disease relapse include PR3-ANCA positive disease, GPA 

phenotype, cardiovascular, pulmonary and ENT involvement, withdrawal of GCs, lower 

cumulative CYC dose and persistence of ANCA positivity (131, 133-136). Patients with kidney 

involvement (creatinine >200 µmol/l at diagnosis) seem to have a lower relapse risk (133) 

although sclerotic changes on kidney biopsy have been associated with increased risk for 

relapse in the long term (137). Relapse with kidney involvement has been associated with a 

loss in kidney function and an increased risk of kidney failure (138, 139). Long term damage 

in AAV is not only associated with disease features but also with treatment. The duration of 

GC use has been associated with increased long-term damage in AAV as well as disease 

severity at onset, age and number of relapses (140). 

1.9 QUALITY OF LIFE 

With advances in treatment AAV has become more of a chronic disease with a substantial risk 

of relapse. Although the prognosis has improved patients report a poorer physical and mental 

QoL compared to the general population even when in remission (141). Patients commonly 

experience symptoms such as fatigue, decreased energy and pain and rate them as severe 

manifestations (142). Reduced QoL is not only caused by disease manifestations or the high 

risk of relapse but also treatment related side-effects (143).  

1.10 COMORBIDITIES 

With modern treatment and improved diagnosis AAV has become a lifelong chronic disease 

with increased risk for comorbid conditions such as infections, CVD, venous thrombosis, and 

malignancies.  

The use of immunosuppressive treatment increases the infection risk and today infections are 

the leading cause of morbidity and mortality in the first year after diagnosis of AAV (127, 128). 

Prophylactic treatment against pneumocystis jirovecii is recommended during induction 

treatment (32). Routine vaccination is recommended for all AAV patients including annual 

vaccination for influenza and pneumococcal infection, but live-attenuated vaccines should be 

avoided in patients on immunosuppressive therapy (144). Vaccination for Covid19 is 

recommended and patients with AAV should receive early booster doses due to risk of reduced 

vaccine response with ongoing immunosuppressive therapy (145). Treatment choices have also 

been influenced by the Covid19 pandemic due to concerns of reduced response to vaccination, 

particularly in relation to RTX treatment (146). The risk of severe SARS-Cov-2 infection and 
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Covid19 related mortality is increased in patients with AAV particularly in patients on high 

doses of immunosuppressive treatment and with impaired kidney function (147, 148). 

Patients with AAV have an increased risk of CVD (149-151).The reason for this is probably 

multifactorial, the use of GCs, inflammatory state and impaired kidney function are all risk 

factors for the development of CVD (152-154).  

Malignancies are more frequent in AAV patients compared to the general population. 

Treatment with CYC increases the risk of urine bladder cancer, leukemia and non-melanoma 

skin carcinoma (155). AZA treatment is also known to be associated with increased risk of 

non-melanoma skin cancers (156).  

Patients with AAV have an increased risk of developing venous thromboembolism (VTE) 

compared to the general population and even to patients with other auto-immune inflammatory 

diseases such as SLE and rheumatoid arthritis (RA) (149, 157, 158). Among the factors that 

have been associated with an increased risk of VTE are heart (159), gastrointestinal and 

cutaneous involvement (160), lung hemorrhage (159), MPO-ANCA positivity, increased 

disease activity and kidney involvement (161). 

1.11 MONITORING, ASSESSMENT OF DISEASE ACTIVITY AND DAMAGE  

The aim of monitoring patients in AAV is an early identification of a disease relapse as well as 

assessing treatment related toxicity. Clinical evaluation and regular testing (blood and urine) 

are the mainstay of monitoring. Non-specific inflammatory markers such as erythrocyte 

sedimentation rate (ESR) and C-reactive protein (CRP) are generally of limited value (162-

165) and as noted previously, ANCA titers are not reliable disease activity markers (51, 166-

168). Urine analysis is used for monitoring kidney disease activity although non-specific, 

haematuria may be an indicator of kidney flare but can also reflect chronic glomerular injury 

(169, 170). Although the degree of proteinuria in active disease is typically associated with 

kidney outcome (171, 172) it can be related to irreversible damage and glomerular scarring. 

Tissue biopsies can be useful when organ-specific disease is suspected such as kidney biopsies 

in case of persistent abnormal findings on urine analysis. However, repeat biopsies to monitor 

kidney disease are not routinely performed and carry a risk of complications (173). 

Additionally, treatment specific follow-up include monitoring for myelosuppression, 

particularly leukopenia, after CYC treatment and late-onset neutropenia as well as 

hypogammaglobulinemia in patients treated with RTX, which can affect treatment decision (2, 

25, 174, 175).  
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Figure 6. Birmingham Vasculitis Activity Score (BVAS), version 3. Reproduced from (177) with permission from 

BMJ Publishing Group Ltd. 

For the purpose of clinical studies, EULAR and the Outcomes Measures in Rheumatology 

(OMERACT) groups has recommended using a disease activity score list such as BVAS, for 

assessment of disease activity (176). BVAS is a list with 56 items divided into ten categories, 

one with general features, eight organ-specific and one open (figure 6). Manifestations are only 

scored when they or of new-onset or worsening. Remission is defined as a score of 0 (177, 

178). The Vascular Damage Index (VDI) is used for standardized evaluation of damage. The 
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index contains 11 systems, 10 organ-specific and one for other damage. The VDI not only 

quantifies disease related damage but also damage due to treatment (179). As shown in figure 

7 patients with AAV commonly experience not only disease related damage but even damage 

caused by treatment (140).  

  

 

Histopathological scoring systems have 

been developed for ANCA associated 

vasculitis. The Berden classification 

describes histopathological changes that are 

divided into four categories, focal, 

crescentic, mixed, and sclerotic (180). The 

categories have been shown to predict outcome with sclerotic lesions being associated with 

worse outcome and focal changes with a more favorable outcome (181). Another 

clinicopathological score to predict kidney outcome was developed by Brix et al. Beside 

glomerular change, the score includes interstitial and tubular changes as well as estimated 

glomerular filtration rate (eGFR) at diagnosis (182).  

1.12 SPECIFIC BACKGROUND OF THE THESIS STUDIES 

In this section, the biomarkers investigated in the studies included in the thesis are presented.  

1.12.1 Biomarkers  

The definition of a biomarker is a “defined characteristic that is measured as an indicator of 

normal biological processes, pathogenic processes, or biological responses to an exposure or 

intervention, including therapeutic interventions”. Biomarkers can be molecular, histologic, 

radiographic, digital, or physiologic characteristics. There are various benefits of biomarkers 

Figure 7. Frequency of VDI items of damage at a 

long-term follow-up from four European Vasculitis 

Study Group trials. A) Frequency of the most 

common VDI items of damage at a long-term 

follow-up. B) Frequency of the 15 treatment-

related damage items at a long-term follow-up. 

VDI: Vasculitis Damage Index; GFR: glomerular 

filtration rate. Reproduced from (140) by 

permission of Oxford University Press. 
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including disease diagnosis, monitoring, predicting prognosis and response to treatment (183) 

(figure 8).  

Figure 8. Seven categories of biomarkers according to the classification by the FDA-NIH Biomarker Working 

Group (183). Created with Biorender.com. 

There are no reliable biomarkers available for evaluating disease activity, predicting flares, or 

guiding individual treatment in AAV. Relapses are common and require treatment 

modifications. It is essential to identify novel biomarkers as it would enable tailored individual 

treatment, thwart relapses, decrease the need for repeat biopsies as a diagnostic tool and 

potentially reduce adverse treatment effects.  

1.12.2 Study II: Pentraxin 3 

Pentraxins are a superfamily of multifunctional proteins. They are divided into short pentraxins 

such as CRP and serum amyloid P component (SAP) and long pentraxins such as Pentraxin-3 

(PTX3) (184). In contrast to CRP and SAP, that are mainly produced in the liver in response 

to IL-6, PTX3 is produced locally by a variety of cells, including neutrophils vascular 

endothelial cells, dendritic cells, macrophages, monocytes and kidney epithelial cells in 

response to various inflammatory cytokines such as IL-1β and tumor necrosis factor α (TNFα). 

PTX3 is therefore believed to more closely reflect local inflammation in tissues compared to 

CRP (185, 186). 

PTX3 has a complex oligomeric structure with two tetramers connected by covalent bonds 

composing octamers (187). PTX3 plays a multifunctional role in innate immunity and 
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inflammation (figure 9). PTX3 is a soluble pattern recognition receptor (188) and has the ability 

to recognize a number of different ligands, including pathogens, apoptotic cells, complement 

components and extracellular matrix proteins (185, 188) and is able to activate opsonization 

and promote phagocytosis (189). PTX3 contributes to both complement activation as well as 

regulation (190). It is known to interact with C1q, a recognition protein for the classical 

complement pathway, (191, 192), Ficolin-2, activator of the lectin pathway (193), and it has 

been shown to bind to factor H, a principal regulatory protein in the alternative pathway. 

Through this it has a modulating effect on regulation in tissue injury where it prevents an 

excessive inflammatory response (194). Moreover, neutrophils store vast amounts of PTX3 in 

granules which is released upon respiratory bursts and PTX3 can be found in NETs (195) and 

it even seems to be instrumental in the regulation of NETs (196). Additionally, PTX3 regulates 

inflammation and dampens neutrophil recruitment (197) and is believed to play a role in tissue 

remodeling, vascular damage and angiogenesis and may be an indicator of vascular 

inflammation (198, 199). PTX3 has been shown to be present in endothelial cells from skin 

biopsies in patients with small-vessel vasculitis (200). 

Circulating PTX3 levels have previously been shown to be elevated in various autoimmune 

diseases including SLE (201-203), RA (204, 205) systemic sclerosis (SSc) (206, 207) and 

Takayasu arteritis (208). PTX3 has also been reported to be elevated in chronic kidney disease 

(CKD) (209) and to predict all-cause mortality in patients with CKD (210). Murine model 

studies have indicated that PTX3 may limit post ischemic acute and chronic kidney injury (211) 

and shown that PTX3 administration leads to diminished interstitial fibrosis in the kidney (212).  

Previous studies have assessed PTX3 levels in a cross-sectional case control studies of AAV 

patients, demonstrating higher levels in patients with active compared to inactive disease and 

healthy controls (200, 213). Anti-PTX3 antibodies have also been detected in AAV patients 

(214, 215) but their role in the pathogenesis has not been demonstrated and the significance of 

these findings is not clear. Despite being a candidate biomarker in AAV, PTX3 has previously 

not been studied in a longitudinal cohort of AAV patients. 

1.12.3 Study III: TNF-like weak inducer of apoptosis  

TNF-like weak inducer of apoptosis (TWEAK) is a type II transmembrane glycoprotein of the 

TNF superfamily. TWEAK is cleaved by proteolysis and circulates in plasma in a soluble form 
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Figure 9. Schematic presentation of the cellular sources and examples of the roles of pentraxin-3 (PTX3). 

Created with Biorender.com, 

in trimers. TWEAK expression has been shown in various inflammatory cells such as 

monocytes, dendritic cells, and natural killer (NK) cells (216-218) as well as in endothelial 

cells and tubular cells in the kidney (219, 220). TWEAK in its soluble and membranous form 

mediates several important biological effects by activating its receptor, fibroblast growth 

factor-inducible-14 (Fn14) (221, 222). Fn14 is expressed on various cells including, 

endothelial, epithelial cells (223, 224) as well as on podocytes, tubular cells and mesangial cells 

in the kidney (218, 219, 225, 226). The effects of TWEAK/Fn14 depends on cells and 

circumstances (227) and include upregulation of inflammatory cytokines and chemokines 

(228), induction of endothelial cell survival and proliferation (229), cell death by apoptosis and 

necrosis (230, 231) and induction of fibrogenesis (232) (figure 10). TWEAK has also shown 

to bind to the scavenger receptor CD163. Urinary soluble CD163 has been suggested to be a 

potential biomarker in ANCA-associated GN (233-235).  

TWEAK/Fn14 is moreover a factor in the development of kidney injury (236). In the absence 

of kidney disease Fn14 expression is low but is upregulated after kidney injury and TWEAK 

significantly activates the inflammatory response under these conditions (237). TWEAK 

blockade has been shown to decrease the severity of disease in a murine experimental lupus 

nephritis (LN) model (238). Serum TWEAK (sTWEAK) decreases with progressive loss of 
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Figure 10. A schematic representation of TWEAK and receptors. TWEAK binds to Fn14, expressed on various 

cells, to activate intracellular signaling and downstream cellular responses. The CD163 receptor, expressed 

exclusively on macrophages, binds to TWEAK and is believed to act as a scavenger receptor. Fn14: factor-

inducible molecule 14, TWEAK: tumor necrosis factor-like weak inducer of apoptosis. Created with 

biorender.com. 

kidney function, increases after renal transplantation and is associated with worse outcome in 

chronic kidney disease (239, 240).  

sTWEAK levels are increased in patients with certain autoimmune inflammatory diseases and 

have been found to correlate with disease activity in patients with RA (241), IgA vasculitis 

(242) and SLE (243, 244). Urinary TWEAK (uTWEAK) has been shown to be a potential 

biomarker in LN and IgA nephropathy (IgAN) (245-248). The role of TWEAK has not 

previously been investigated in a longitudinal cohort of AAV patients.  

1.12.4 Study I and IV: Extracellular vesicles expressing biomarkers 

Extracellular vesicles (EVs) are small membranous vesicles released by various cell types, 

including platelets, neutrophils, endothelial cells and monocytes (249, 250). EVs express 

membrane markers of the parent cells and their composition does not only depend on their 

origin but is also affected by the environment and process leading up to their formation (251). 

EVs have been shown to play a role in cell-to-cell communication and contribute to 

angiogenesis, thrombosis and inflammation (252, 253). Despite their role as pro-inflammatory 

components EVs can also exert an anti-inflammatory effect (254). EVs are divided into three 

subtypes based on their size, cellular origin, function, release pathway and biogenesis; 1) 

exosomes, derived from intracellular organelles, typically 30-150 nm in diameter, 2) 



 

28 

microvesicles, derived from the cell membrane, typically 100-1000 nm in diameter and 3) 

apoptotic bodies, derived from dying cells, typically 50-5000 nm in diameter (255) (figure 11). 

The International Society for Extracellular Vesicles (ISEV) have endorsed the term 

“extracellular vesicles” as the generic term to be applied, with specific terms only to be applied 

where there is evidence of the subcellular origin (256). In this text the term EVs will therefore 

be used. 

EVs have gained increasing interest as 

novel promising biomarkers in systemic 

inflammatory diseases (257) although 

their potential use in AAV is not yet 

delineated. As previously described 

ANCA-induced neutrophil activation 

plays a pivotal role in the pathogenesis of 

AAV (258, 259). Primed neutrophils 

undergo degranulation, respiratory burst 

and release of NETs (57). During this 

process EVs are released. Levels of 

circulating endothelial derived EVs have 

been shown to be elevated in patients with 

AAV and to correlate with disease activity (260, 261). Because of the well described role of 

neutrophils in the pathogenesis of AAV the focus has more recently been on neutrophil derived 

EVs (NEVs) in the context of AAV. ANCA have shown to induce EVs release from primed 

neutrophils in vitro, including EVs containing PR3 and MPO antigens (262). Pitanga et al 

showed that EVs derived from neutrophils contain active MPO and these EVs cause endothelial 

cell damage by the loss of morphology and membrane integrity (263). Previous studies have 

demonstrated elevated levels of leucocyte and neutrophil derived EVs in AAV patients (261, 

264). In a previous study from our group MPO positive EVs (MPO+EVs) expressing 

complement factors C3a and C5a were shown to be elevated in AAV patients compared to 

controls and levels also correlated with BVAS. The concentrations were also significantly 

higher with kidney involvement compared to patients without (265).  

As noted previously is PTX3 found in neutrophils granules and released following activation 

of neutrophils and is found in NETs (195). TWEAK is also of interest as it plays a role in 

development of kidney injury and is found in increased levels in various systemic inflammatory 

diseases as described previously (236, 241, 243, 244). Another molecule of interest in AAV is 

Figure 11. Three subtypes of extracellular vesicles (EVs). 

Adapted from “Extracellular Vesicle Separation by Density 

Gradient Ultracentrifugation”, by BioRender.com (2022). 

Retrieved from https://app.biorender-.com/biorender-

templates. 
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high mobility group box 1 (HMGB1) protein that is believed to contribute to priming of 

neutrophils, translocation of ANCA antigens to neutrophil cell surface and potentiate ANCA 

induced NET formation (266, 267). Elevated levels of HMGBI have been shown in AAV 

patients with kidney involvement compared to inactive kidney disease (268) and found to 

correlate with AAV disease activity (269).  

A crucial step in NETs formation is the citrullination of histone-3 by the enzyme peptidyl-

arginine deiminase 4 (PAD4) leading to chromatin condensation (270). Citrullinated histone 3 

(H3Cit) is considered a specific biomarker for NETs and can be measured in plasma (271). The 

expression of H3Cit on EVs has been described in an human endotoxemia model (272). To our 

knowledge EVs expressing H3Cit have not been explored in systemic inflammatory diseases. 

NETs are known to contribute to thrombosis in inflammatory state by interacting with platelets 

and activation of the coagulation cascade (273). The presence of NETs have previously been 

reported in venous thrombi derived from patient with AAV (274).  

Tissue factor (TF) is a principal initiator of physiological coagulation, the intravascular 

exposure of TF on the surface of blood cells and circulating EVs is a main trigger of thrombus 

formation (275). It has been demonstrated that EVs bearing TF can bind and transfer lipids and 

proteins to activated platelets (276). Following stimulation by ANCAs, NEVs and NETs 

express TF, and the expression of TF on NEVs has been found to be elevated in plasma from 

patients with AAV (277). Elevated EV TF activity has been associated with VTE risk in AAV 

patients (278). Moreover, it has been demonstrated that NEVs released by primed neutrophils 

in the presence of PR3-ANCA enhance thrombin generation (262).  

Plasminogen (Plg), a major component of the fibrinolytic pathway is a precursor of the active 

enzyme plasmin that degrades fibrin (279). The presence of anti-Plg and anti-tissue 

plasminogen activator (tPA) antibodies have been demonstrated to be present in AAV patients 

(280-282). Anti-Plg antibodies have been shown to be associated with VTE (282), disease 

activity (281), kidney function impairment, glomerular necrosis and cellular crescents in 

patients with AAV (280). Beside its role in fibrinolysis, plasminogen contributes to various 

inflammatory regulatory processes (283).  

The expression of the above-mentioned candidate biomarkers on circulating MPO positive EVs 

has not been investigated previously in patients with AAV
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2 RESEARCH AIMS 

The overall aim of this thesis was to identify potential non-invasive biomarkers that could be 

useful in monitoring disease activity in AAV and to evaluate the role of these potential 

biomarkers in the pathogenesis of AAV.  

The specific objectives for the studies were as follows. 

Study I 

• To assess the expression of PTX3, HMGB1, and TWEAK on circulating MPO+EVs in 

patients with AAV. 

• To investigate the role of MPO+EVs expressing PTX3, HMGB1, and TWEAK as 

potential biomarkers of inflammatory processes by comparing levels in AAV patients 

with active and inactive disease to healthy controls. 

Study II  

• To explore the role of plasma and urinary PTX3 as potential biomarkers in a 

longitudinal cohort of AAV patients. 

Study III 

• To investigate the role of serum and urinary TWEAK as potential biomarkers in a 

longitudinal cohort of AAV patients.  

• To evaluate TWEAK and Fn14 expression in kidney biopsies from patients with AAV 

with kidney involvement compared to control kidney tissue.  

• To investigate the association between TWEAK levels and histopathological scoring 

in patients with AAV. 

Study IV 

• To investigate the expression of H3Cit, TF and Plg on circulating MPO+EVs in patients 

with active and inactive AAV compared to controls.  

• To study the expression of MPO+EVs expressing H3Cit, TF and Plg in relation to 

thrombin generation in patients with AAV. 

 





 

 33 

3 MATERIALS AND METHODS 

3.1 PATIENTS  

3.1.1 The cohort  

Since 2009 the Departments of Nephrology and Rheumatology at the Karolinska University 

Hospital in Stockholm have collaborated on a research project where patients with AAV have 

been included in a well phenotyped patient cohort (the “VASKA” cohort). A share of the 

patients has been included at diagnosis (new diagnosis or a disease relapse) and followed 

prospectively (“VASKA-long”). To date about 360 patients have been included, whereof about 

230 have been included into a cross-sectional study (“VASKA-tvär”) and about 130 newly 

diagnosed or relapsing patients have been included prospectively into the longitudinal cohort 

with up to 10 years follow-up. Patients are considered for inclusion if they have a diagnosis of 

AAV (GPA, MPA or EGPA), are over 18 years of age and have or have had a positive ANCA 

serology (PR3 or/and MPO). At inclusion clinical evaluation is performed. Blood and urine 

samples are collected, including peripheral blood mononuclear cells (PBMC) and genetic 

samples, and ANCA measurement performed. Disease activity is assessed with BVAS and 

organ damage with VDI. In addition, all patients fill out several questionnaires, including QoL, 

educational needs assessment tool, and Multidimensional Assessment of Fatigue (MAF). 

Inclusion of new patients is ongoing. The characteristics of the “VASKA” cohort are shown in 

figure 12.  

Figure 12. The "VASKA" cohort. Characteristics of the ANCA-associated vasculitis cohort at Karolinska 

University Hospital. ANCA: antineutrophil cytoplasmic antibodies; MPO: myeloperoxidase; PR3: proteinase-3, 

GPA: granulomatosis with polyangiitis, MPA: microscopic polyangiitis, EGPA: eosinophilic granulomatosis 

with polyangiitis. Created with Biorender.com.  
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Study I and IV  

A cross-sectional cohort of patients with active and inactive AAV were included in the studies. 

Inclusion criteria were age ≥18 years and the presence of MPO- and/or PR3 ANCA. 

Study II and III 

Patients with active AAV were included in the study. The patients were included at diagnosis, 

either with a new diagnosis or a disease relapse, and were followed prospectively for 6 months. 

The patients were ≥18 years of age and were all positive for MPO- and/or PR3 ANCA.  

3.2 CONTROLS  

Study I and IV 

Age and sex-matched subjects from a population-based cohort were included for comparison. 

The controls have been described in a previous study (284).  

Study II 

Randomly selected controls from the Swedish Population Registry were included in for 

comparison. The controls have been described in a previous study (284). 

Study III 

Randomly selected controls from a population-based cohort in Stockholm were included for 

comparison. The controls have been described in previous studies (285, 286). 

Treatment 

The immunosuppressive treatments, remission induction treatment and remission maintenance 

treatment, patients received were recorded. The daily dose at inclusion was registered and the 

cumulative GC dose at inclusion was calculated. In study II and III the daily dose at follow-

up was registered. In case of inclusion of patients at relapse, the cumulative GC dose was 

calculated from the diagnosis of relapse when higher doses as part of induction treatment were 

started. Lower doses (up to 10 mg) before the diagnosis of relapse were not included in the 

calculation of the cumulative dose.  
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3.3 ASSESSMENT OF DISEASE ACTIVITY AND KIDNEY INVOLVEMENT 

Disease activity was assessed using BVAS version 3 (178) according to EULAR 

recommendations (32). The BVAS was recorded by an experienced nephrologist or 

rheumatologist for all patients at inclusion and at the follow-up in the longitudinal patient 

group. Disease remission was defined as a BVAS of 0. Disease relapse was defined as an 

increase in disease activity after remission, requiring change in treatment.   

Kidney involvement was defined as kidney biopsy findings consistent with pauci-immune 

vasculitis or a clinical presentation with elevated creatinine levels and/or significant haematuria 

(defined as ≥ 2 dipstick urinalysis or ≥ 10 erythrocytes per high-power field on urinary 

sediment).  

3.4 BLOOD AND URINE SAMPLING 

Peripheral venous blood was collected. Serum and plasma were obtained, centrifugated within 

4 hours, divided into aliquiots and stored frozen at -70°C for future analysis. Additionally, 

citrated plasma was collected, centrifugation was performed within 1 hour after sampling and 

samples were stored frozen at -70°C.  

Morning urine samples were obtained and stored frozen at 70°C within 4 hours for future 

analysis. 

3.5 LABORATORY MEASUREMENTS  

In all studies routine laboratory analyses were carried out using standard methods at the 

Department of Clinical Chemistry at the Karolinska University Hospital, these included serum 

CRP, plasma creatinine, ESR, urine dip stick and urine sediment. Quantification of albuminuria 

was carried out by measurement of albumin-to-creatinine ratio (mg/mmol) in a morning urine 

sample using standard methods at the Department of Clinical Chemistry at Karolinska 

University Hospital. In study II, III and IV eGFR was calculated using the CKD 

Epidemiology Collaboration (CKD-EPI) equation (287) and in study I the Lund Malmö 

equation (LM revised) (288) was used.  

3.6 ANCA TESTING 

PR3- and MPO-ANCA titers were analysed using standard ELISA methods (direct ELiA, Euro 

diagnostic) or multiplex (BIORAD, BioPlex TM 2200) according to clinical routine at the 

Department of Clinical Immunology at Karolinska University Hospital.  
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3.7 PENTRAXIN-3, TWEAK, HMGB1 

In study I and II serum/plasma and urine PTX3 levels were analysed using a commercially 

available ELISA kit from R&D Systems Europe Ltd (Abington, UK). The urinary pentraxin-3 

to creatinine ratio (uPTX3/Cr) was calculated (ng/mmol) for normalization. 

In study I serum TWEAK levels were determined using Human TWEAK ELISA kit (Thermo 

Scientific USA). In study III serum and urinary TWEAK levels were measured by TWEAK 

ELISA kit from BioScience (Hatfield, UK). Urinary TWEAK levels were normalized to urine 

creatinine concentrations measured in the same urine sample (ng/mmol).  

In study I serum HMGB-1 levels were measured using the commercial Tecan HMGB1 ELISA 

Kit (Fisher Scientific, USA).  

3.8 DETECTION OF EXTRACELLULAR VESICLES USING FLOW-
CYTOMETRY 

(The term microparticles was used in paper I but according to the IVES recommendation the 

term extracellular vesicles will be used in this thesis).  

As described above peripheral blood was collected in vacutainer tubes (Becton Dickinson) 

containing trisodium citrate). Serum, respectively platelet poor plasma (PPP) was obtained 

within 60 min of sampling by centrifugation at 2000 g for 20 min at room temperature (RT) 

and stored frozen -70°C. PPP was thawed in a water bath at 37°C for approximately 5 min, 

followed by centrifugation of samples at 2000 g for 20 min at a room temperature (RT), in 

order to remove any cells or larger debris that might interfere with the analysis. The 

superanatant was centrifuged again at 13,000 g for 2 min in RT. Twenty µl of the superantant 

was incubated in dark for 20 min with 5 µl of monoclonal antibodies, anti-MPO-PE (Beckman 

Coulter, Brea, CA, USA) together with antibodies for pentraxin 3-Dylight 488 (anti-pentraxin 

3, Abcam Cambrigde, UK), HMGB1-Dylight 488 (R&D Systems, MN, USA), and TWEAK-

Dylight 633 (anti-TWEAK, LSBio.Inc., Seatttle, WA, USA) (Study I) and with antibodies for 

tissue factor (CD142,D, NJ, USA), citrulinated histone-3 (anti-H3it, Abcam, Cambridge, UK) 

and anti-plasminogen (Abcam, Cambridge, UK) (Study IV). Samples were fixed prior to 

analysis (Cellfix, BD, NJ, USA) after incubation. Measurement of EVs was performed by flow 

cytometry on a Beckman gallios instruemnt (Beckman Coutler, Brea, CA, USA) with the 

threshold set to forward scatter. The EVs gate was determined using Megamix plus beads (0.3-

1.0 µm, Bioytex, Marseille). MPO+EVs were defined as particles <1.0 µm in size and positive 

for anti-MPO PE. Conjugate isotype-matched immunoglobulins with no reactivity against 
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human antigens were used as negative controls (IgG PE, IgG Dylight 633, Dylight 488, and 

Dylight 755, Abcam, Cambrigde, UK). Results were presented as EVs/µl plasma, processeed 

from the 20 µl supernatant obainted after centrifugation. The intra- and interassay coefficient 

of variation for MPO+MPs measurement were less than 9%. 

Figure 13. The use of flow-cytometry in study I and IV. Flow-cytometry assay were performed on citrate 

samples for detection of MPO positive extracellular vesicles expressing PTX3, HMGB1, TWEAK (study 1) and 

TF, H3Cit and Plg (study IV). MPO: myeloperoxidase; EV: extracellular vesicle; PTX3: Pentraxin-3, HMGB1: 

high mobility group box 1; TWEAK: TNF-like weak inducer of apoptosis, TF: Tissue factor; H3Cit: 

Citrullinated histone-3, Plg: Plasminogen. Created with biorender.com. 

3.9 ACTIVITY ASSAY 

In study IV, a modified method based on Calibrated Automated Thrombogram (CAT – assay) 

(289) was used to evaluate the pro-coagulant effect of EVs on thrombin generation. 

Measurements were carried out in transparent u-bottom 96-well plate on Thermo Scientific 

Flurosakan Ascent (Thermo Scientific). PPP was thawed in a water bath at 37°C for 

approximately 5 minutes, followed by two subsequent centrifugations, first at 2000g for 20 

minutes and then at 20000g for 45 minutes, both at RT, to obtain an EVs-enriched pellet. The 

pellet was added to a previously centrifugated normal pool plasma (NPP) from healthy control 

(2000g for 30 min at RT), without the addition of TF or phospholipids that the original CAT 

method requires. Thrombin generation was measured during 60 minutes at 37°C. The 

experiment was performed with the pellet from all patients and all control samples. Thrombin 

generation curve (Thrombogram) was generated by measuring fluorescence each 20 seconds 
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and different parameters of thrombin generation were calculated by the analyzing software 

(Thrombinscope).  

The calculated area under the curve (AUC) represents the total amount of thrombin generated 

over time and is called endogenous thrombin potential (ETP). Time to start of thrombin 

generation is the lag time, the maximal concentration of thrombin generated is called peak 

thrombin and the time to maximal thrombin generation is called time to peak (figure 14).  

Figure 14. Schematic presentation of a thrombin 

generation curve and parameters. ETP: 

endogenous thrombin potential. Created with 

BioRender.com 

 

3.10 IMMUNOHISTOCHEMICAL STAINING 

In study III kidney biopsies from AAV patients were stained for TWEAK and its receptor 

Fn14 using immunohistochemistry (IHC). Macroscopically unaffected tissue from 

nephrectomy, performed due to kidney cancer, was used as control. The biopsies and tissues 

were paraffin-embedded and sectioned into 1.5 µm thick sections at the Pathology Kidney 

Laboratory at Karolinska University Hospital in Huddinge, Stockholm. For IHC the 

avidin/biotin blocking kit (Vector Laboratories #SP2001) and DAB substrate kit, peroxidase 

(Vector Laboratories #SK-4100) were used according to the manufacturer’s guidelines. 

Previous deparaffinization and hydration was performed through washing stapes of xylene and 

ethanol (100%, 95%, 70%) and MilliQ. Antigen-retrieval was achieved by microwaving the 

slides for 25 min in 10 mM citrate buffer (pH 6). Primary antibodies, anti-hum TWEAK 

R/Fn14 (R&D Systems, #AF1199) and anti-TWEAK (Bioworld technology, Inc., #BS2454), 

were used at 4°C over night and as secondary antibodies, horse anti-goat IgG antibody (H+L), 

Biotinylated (vector laboratories, #BA-9500-1.5) and goat anti-rabbit IgG, biotinylated (vector 

laboratories, #BA-1000-1.5), were used. 
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3.11 HISTOPATHOLOGICAL CLASSIFICATION SCORE  

In study III a histopathological classification score for AAV (180) was used to score all 

available kidney biopsies. The Berden classification distinguishes four classes of patterns of 

kidney injury: focal, mixed, sclerotic, and crescentic (figure 15). A total of 39 biopsies were 

available for scoring. An experienced kidney pathologist, blinded to patient data, scored the 

biopsies.  

Figure 15. Histopathologic classification 

flowchart. Used and adapted with permission 

from the American Society of Nephrology from 

(180); permission conveyed through Copyright 

Clearance Center, Inc. Created with 

Biorender.com. 

 

 

 

 

 

3.12 STATISTICAL ANALYSIS  

Statistical analysis was performed with JMP software (version 14; SAS, Cary, NC, USA) and 

GraphPad Prism (version 4 and 9, GraphPad Software, Lacolla, CA, USA).  

For assessing distribution of variables, the Shapiro-Wilk test was used. Normally distributed 

variables were presented as mean and standard deviation (SD). Non-normally distributed 

variables were presented as median and 25th to 75th percentiles and categorical variables as 

frequency and percentage. Independent samples t tests (parametric) and Mann-Whitney 

U/Wilcoxon rank-sum test (non-parametric) were used to assess the difference in variables 

between groups. Wilcoxon signed rank test (non-parametric) was used to compare difference 

in variables between time-points. For comparison of more than two groups a Kruskal-Wallis 

analysis of variance (ANOVA) (non-parametric) was used. Fischer´s exact test was used for 

comparison of categorical data. Correlation between variables was analysed using Pearson 

(parametric) or Spearman (non-parametric) correlation analysis depending on data type and 

distribution. To evaluate the prognostic value of investigated parameters in predicting disease 

activity in study I, receiver-operator characteristic (ROC) curve analysis was performed. ROC 
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curves are presented with respective AUC and 95% confidence intervals (CI). Similarly, a ROC 

curve analysis was performed in study II to assess the prognostic value of baseline PTX3 in 

predicting kidney function at 6 months. A P value <0.05 was regarded as statistically 

significant. 

3.13 ETHICAL CONSIDERATIONS 

Patients received oral and written information when they were offered participation in the 

cohort and were informed that they could withdraw their consent at any time. At inclusion and 

at follow-up a clinical evaluation was performed, and blood and urine samples were collected. 

Approval was also given for kidney tissue studies by the ethics committee. All data was 

anonymised, and no information could be traced to a particular individual. These procedures 

did not expose the patient for increased risk but could have led to more frequent visits to the 

hospital. To try to avoid inconvenience for the patients, study visits were scheduled on same 

days as planned clinical appointments for follow-up when possible. The aim of the studies 

included in this thesis was to identify biomarkers that could improve the diagnosis, aid in 

assessing disease activity, and as well as investigating their role in the pathogenesis. With 

modern treatment AAV have become chronic diseases with a relatively high disease relapse 

risk, requring a life-long follow-up. It is likely that future patients could benefit but the 

participiants could potentially also gain from the results of these research projects during the 

course of their disease duration. 

3.14 ETHICS COMMITTEE APPROVALS 

The studies included in the thesis were all conducted in accordance with the Declaration of 

Helsinki and study protocols were approved by the Regional Ethical Review Board and the 

Swedish Ethical Review Authority. A written informed consent was obtained from all 

participants at inclusion. 
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4 RESULTS 

4.1 THE COHORT 

A schematic presentation of the patients and controls included in the studies is shown in figure 

16 and the baseline characteristics of the patients in the studies are shown in table 2.  

Figure 16. Schematic 

presentation of patients and 

controls included in the studies. 

Each study is presented with a 

circle and the overlap between 

the study cohorts is 

demonstrated. Created with 

Biorender.com 

 

 

 

 

4.2 STUDY I AND IV 

4.2.1 Patients and controls  

In these cross-sectional studies forty-six patients with AAV were included in the study, 23 with 

active disease and 23 with inactive disease (in remission). Baseline characteristics of patients 

are shown in table 2. Of the patients with active disease 22 had a newly diagnosed disease 

(median disease duration 4 days, range 0-177 days). The median disease duration in the inactive 

disease patient group was 5.3 years (range 1.2-12 years). In the active disease group, all patients 

had a newly diagnose disease except one patient who had a relapse of a previously diagnosed 

disease. None of the patients included in the study had previously suffered from a cardiac event 

or venous thromboembolic disease (VTE), none had ongoing anticoagulant treatment or had 

received plasma exchange therapy at the time of sampling.  

Twenty-three age and sex-matched subjects were included for comparison. The controls have 

been described in a previous study (284). Twelve were males and 11 females, mean age 64 

years (range 49-81 years).  
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Table 2. Baseline characteristics of the patients included in studies I-IV. 

 

4.2.2 Disease activity, laboratory results and treatment 

The median BVAS was 14 in the subgroup of active AAV patients, as per definition all inactive 

patients had a BVAS of 0. CRP and ESR was significantly higher in the active AAV group 

compared to inactive group (P 0.002 and P 0.03, respectively). There was not a significant 

difference in plasma creatinine levels between patients with active and inactive disease.  

In the active group all but two patients had received treatment at the time of sampling. All the 

patients who had received treatment were treated with GCs, five had received CYC, two were 

treated with MTX, one with MMF and one patient diagnosed with a disease relapse was on 

AZA. The median daily prednisolone dose was significantly higher in the active AAV group 

compared to the inactive group (median 60 mg vs 5 mg, P <0.001). None of the patients in the 

active AAV group had received RTX at the time of sampling.  

Fifteen patients in the inactive group were treated with prednisolone at the time of sampling, 

six with AZA, five with MMF and four with MTX. Three of the patients in the inactive disease 

subgroup were not on any remission maintenance treatment at the time of sampling.  

 

 Study I and IV 

Cross sectional 

Study II 

Longitudinal 

Study III 

Longitudinal 

 Active AAV 

n=23 

Inactive AAV 

n=23 

 

n=79 

 

n=74 

Sex, female, n (%) 10 (43.5) 11 (47.8) 36 (45.5) 32 (43.2) 

Age, years (range) 63 (24-81) 65 (26-81) 58 (19-86) 64 (19-86) 

ANCAa      

PR3, n (%) 10 (43.5)b 11 (47.8)b 48 (60.8) 47 (63.5) 

MPO, n (%) 14 (60.9)b 13 (54.2)b 31 (39.2) 27 (36.5) 

Diagnosis     

GPA, n (%) 10 (43.5) 13 (56.5) 54 (68.4) 53 (71.6) 

MPA, n (%) 13 (56.5) 10 (43.5) 21 (26.6) 17 (23.0) 

EGPA, n (%) 0 (0) 0 (0) 4 (5.0) 4 (5.4) 

ANCA: antineutrophil cytoplasmic antibody, AAV: ANCA-associated vasculitis; F: female, PR3: proteinase-3, 

MPO: myeloperoxidase; GPA: granulomatosis with polyangiitis; MPA: microscopic polyangiitis; EGPA: 

eosinophilic granulomatosis with polyangiitis, BVAS: Birmingham Vasculitis Activity Score.  
aANCA specificity ever  
bTwo patients were positive for both PR3- and MPO-ANCA 
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4.2.3 Expression of investigated biomarkers on myeloperoxidase positive 
extracellular vesicles. 

In study I we found concentrations of MPO+EVs and MPO+EVs expressing PTX3, HMGB1 

and TWEAK to be significantly higher in the AAV patients compared to controls (all P 

<0.001). Concentrations of MPO+EVs expressing PTX3 and HMGB1 were significantly higher 

in the active disease group compared to the inactive group (P 0.001, P 0.006, respectively). 

There was no difference in concentrations of MPO+EVs expressing TWEAK between the 

active and the inactive group. Serum PTX3 levels were significantly higher in AAV patients 

compared to controls (1.45 vs 0.72 ng/ml, P <0.05) and in active patients compared to inactive 

patients (2.3 vs 1.0 ng/ml, P 0.001). There was no significant difference in HMGB1 or TWEAK 

levels when comparing all AAV patients to controls are in the active group compared to the 

inactive group. No difference was found in levels of investigated makers expressed on 

MPO+EVs or in serum in patients with and without kidney involvement in the active group nor 

was there a difference when comparing PR3- and MPO positive patients. In the inactive disease 

subgroup, no difference was found in concentrations of the investigated markers on EVs or in 

serum comparing patients on GCs treatment vs not.  

A correlation was found between BVAS and MPO+EVs expressing PTX3 (r=0.56, P <0.001) 

and HMGB1 (r=0.36, P 0.01). A correlation between serum PTX3 and BVAS (r=0.69, P 

<0.001) was found but not between serum HMGB1 or TWEAK and BVAS. There was a 

correlation between serum PTX3 and PTX3+MPO+EVs (r=0.3, P<0.05) but no correlation was 

found between serum HMGB1 or TWEAK and MPO+EVs expressing these markers. No 

 

Figure 17. ROC curve analysis for serum PTX3 

levels in predicting active disease in patients 

with ANCA-associated Vasculitis. Previously 

published as supplementary material. Adapted 

and reproduced from paper I. Open access. 

AUC: Area under the curve.  
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correlation was found between the daily prednisolone dose at the time of sampling and the 

levels of the investigated markers in the active patient group. A ROC analysis was performed 

to assess the validity of PTX3, PTX3+MPO+EVs and HMGB1+MPO+EVs in identifying active 

AAV. AUC were 0.8 (0.7-0.9) and 0.7 (0.6-0.9) and 0.7 (0.5-0.9) respectively (figure 17).  

In study IV, significantly higher concentrations of MPO+EVs expressing TF, H3Cit and Plg 

were found in AAV patients compared to controls (P <0.001 for all). Concentrations of 

TF+MPO+EVs and H3Cit+MPO+EVs were higher in active patients compared to inactive 

patients (P 0.017 and P 0.034, respectively) but no difference was found in Plg+MPO+EVs 

between the active and inactive group. Patients with inactive disease had higher concentrations 

of MPO+EVs expressing TF, H3Cit and Plg compared to controls (P 0.004, P <0.001 and P 

<0.001, respectively). No difference was found in concentrations of MPO+EVs expressing the 

investigated markers between patients with kidney involvement compared to those without in 

the active disease subgroup.  

For all AAV patients, a significant correlation was found between TF+MPO+EVs levels and 

BVAS (ρ=0.43, P <0.003) but not between BVAS and MPO+EVs expressing H3Cit or Plg. A 

significant correlation was also noted between TF+MPO+EVs and H3Cit+MPO+EVs (ρ=0.49, 

P 0.001).  

In the active AAV group a significant correlation was found between age and TF+ and 

H3Cit+MPO+EVs (ρ=0.59, P 0.003, ρ=0.46, P 0.03, respectively) and a negative correlation 

between age and Plg+MPO+EVs (ρ-0.42, 0.046). MPO+EVs correlated with plasma creatinine 

and eGFR (ρ=0.57, P 0.005 and ρ=-0.52, P 0.01, respectively). No such correlation was found 

in the inactive group or the control group.  

4.2.4 Thrombin generation variables 

A modified CAT assay was performed to explore the capacity of EVs to generate thrombin. 

The lag time and time to peak were significantly shorter, the ETP and the peak of thrombin 

generation increased in NPP after addition of EVs from AAV patients compared to variables 

obtained in NPP after addition of EVs from the control subjects (P <0.001 for all). When 

compared separately to EVs extracted from controls, EVs extracted from plasma of patients 

with both active and inactive disease both initiated formation of higher ETP (P <0.001, P 

<0.001, respectively) and peak levels (P <0.001, P <0.001, respectively), as well as shorter lag 

time (P>0.001, P 0.002, respectively) and time to peak (P <0,001, P 0.003, respectively).  
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There was no difference in these thrombin generation variables with addition of NPP from 

patients with active compared to inactive disease.  

4.2.5 Association between investigated parameters and the thrombin 
generation curve 

For the whole AAV group, a significant correlation was found between the peak of thrombin 

generation and the concentrations of TF+MPO+EVs and H3Cit+MPO+EVs. Similarly, a 

significant correlation was seen between ETP and TF+MPO+EVs and H3Cit+MPO+EVs. A 

negative correlation was found between the Plg+MPO+EVs and time to peak and the lag time 

(table 3 and figure 18).  

In the active AAV group a significant correlation was seen between H3Cit+MPO+EVs and the 

peak of thrombin generation (ρ=0.44, P 0.04) and time to peak (ρ=-0.45, P 0.03). A negative 

correlation was found between Plg+MPO+EVs and the peak of thrombin generation (ρ=-0.42, 

P 0.05) and in the inactive subgroup a negative correlation between Plg+MPO+EVs and peak 

of thrombin generation (ρ=-0.60, P 0.003) and the lag time (ρ=-0.62, P 0.002).  

Table 3 Spearman rank correlation coefficient for the investigated markers on myeloperoxidase positive 

extracellular vesicles and parameters of thrombin generation in the whole ANCA-associated vasculitis 

group. 

4.3 STUDY II  

4.3.1 Patients and controls 

In this study 79 patients from the longitudinal AAV cohort were included in the study. The 

patients were included at the time of diagnosis, and all had active disease. Seventy had a newly 

diagnosed disease and 9 had a relapse of a previously diagnosed AAV. All patients were 

followed prospectively for 6 months (median 195 days from follow-up). Baseline 

characteristics of the patients included are shown in table 2. For comparison, 23 randomly 

 TF+MPO+EVs H3Cit+MPO+EVs Plg+MPO+EVs 

 ρ P ρ P ρ P 

Lag time 0.003 0.98 -0.07 0.68 -0.41 0.005 

Time to Peak -0.03 0.85 -0.11 0.48 -0.33 0.03 

Peak 0.33 0.02 0.44 0.003 -0.17 0.26 

ETP  0.31 0.04 0.37 0.01 -0.07 0.65 

TF+MPO+EVs: myeloperoxidase positive extracellular vesicles expressing TF; H3Cit+MPO+EVs: 

myeloperoxidase positive extracellular vesicles expressing citrullinated histone-3, Plg+MPO+EVs:  

myeloperoxidase positive extracellular vesicles expressing plasminogen; Peak: peak thrombin concentration; 

ETP: endogenous thrombin potential.  
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selected controls from the Swedish Population Registry, described in a previous study (284), 

were included.  

 

Figure 18. Correlation between the investigated markers expressed on MPO positive extracellular vesicles 

(MPO+EVs) and the thrombin generation parameters in the total group of ANCA-associated vasculitis patient. 

Correlation analysis was performed using the Spearman rank correlation coefficient. Correlation between A) 

MPO+EVs expressing tissue factor (TF) and endogen thrombin potential (ETP), B) MPO+EVs expressing TF and 

peak thrombin concentration (Peak), C) MPO+EVs expressing citrullinated hiostone-3 (H3Cit) and ETP, and D) 

MPO+EVs expressing H3Cit and Peak. Previously unpublished.  

4.3.2 Treatment  

Seventy-one of the patients were included and sampled after the onset of induction treatment 

(median 5 days, range 0-37 days). All these patients had received treatment with GCs, 34 of 

which had received iv GC treatment. Thirty-seven patients had received treatment with CYC 

(n=25, 31.6%), RTX (n=3, 3.8%), MTX (n=7, 8.9%) or MMF (n=2, 2,5%) at the time of 

inclusion. Only one patient had received more than one dose of CYC before inclusion. Two 

patients with localized ENT disease manifestations had only received high-dose GC treatment.  

At follow-up 58 patients (73%) had been started on maintenance treatment with AZA, MMF, 

RTX or MTX in combination with a low dose of GCs.  
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4.3.3 Disease activity and phenotype.  

Disease activity assessed using BVAS decreased from a median of 15 at inclusion to a median 

of 0 at the 6-month follow-up (P <0.001). Five patients had an active disease at the follow-up. 

All these patients had ENT manifestations and two had lung involvement. Forty-seven of the 

patients had kidney involvement at baseline, in 43 patients this was confirmed with a kidney 

biopsy and four patients were diagnosed clinically.  

4.3.4 Laboratory results 

4.3.4.1 Plasma PTX3 levels 

Plasma PTX3 levels were significantly higher at baseline compared to at follow-up (median 

2.85 vs 1.23 ng/mL, P <0.001). When comparing patients at inclusion and follow-up separately 

to controls, the levels were significantly higher in patients at inclusion vs controls (median 2.85 

vs 0.75 ng/mL, P <0.0001) and patients at follow-up vs controls (1.23 vs 0.75 ng/mL, P 0.008). 

Plasma PTX3 levels correlated with BVAS at baseline (ρ=0.45, P <0.001). No difference in 

PTX3 levels at baseline between patients with PR3- and MPO-ANCA positive disease was 

found. When comparing patients in remission (BVAS 0) and patients with an active disease 

(n=5) at the follow-up no significant difference was found between plasma PTX3 levels. 

Plasma PTX3 levels were higher at baseline in patients with a newly diagnosed disease 

compared to patients with a diagnosed relapse (P 0.046) and were significantly higher in 

patients with kidney manifestations at baseline compared to those without (median 3.62 vs 1.47 

ng/mL, P 0.001) (figure 20). Furthermore, a significant correlation was found between plasma 

PTX3 and creatinine, eGFR, and albuminuria at baseline (ρ=0.38, P <0.001; ρ=-0.41, P <0.001 

and ρ=0,44, P <0.0001, respectively). Patients with haematuria had significantly higher PTX3 

levels (median 3.98 vs 1.48 ng/mL, P 0.0002) at baseline but there were no correlations 

between CRP levels or ESR and plasma PTX3 levels.  

Figure 19. Comparison of plasma pentraxin-3 (PTX3) levels in 

patients that had received treatment at inclusion compared to 

treatment naïve patients. * P<0.05. Previously unpublished  
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Patients who had received induction treatment at inclusion (n=71) had a significantly higher 

plasma PTX3 levels compared to treatment naïve patients (n=8), 3.15 ng/mL vs 1.35 ng/mL, P 

0.03 (figure 19). Furthermore, there was a significant correlation between the cumulative GCs 

dose in patients at baseline and plasma PTX3 levels (ρ=0.37, P <0.001) and similarly a 

significant correlation was found between the actual daily GC dose at sampling at baseline and 

plasma PTX3 levels (ρ=0.43, P <0.0001). No difference was found in plasma PTX3 levels 

when comparing patients that received CYC vs those who had not. Similarly, no difference 

was found between plasma PTX3 levels in patients that had received MTX at baseline 

compared to those who had not. As only two patients had received RTX and another two 

patients had received MMF at baseline no comparative analysis was performed for these 

groups.  

4.3.4.2 Urinary PTX3 levels 

Urine samples for PTX3 analysis were available in a subset of the patients, 34 patients at 

baseline and 33 at follow-up. Urinary PTX3-to-creatinine ratio (uPTX3/Cr) could be calculated 

in 28 patients at baseline and 31 at follow-up, 26 of whom were available at both time points 

for comparison over time. All but 3 of the patients were in remission (BVAS 0) at follow-up. 

Levels of uPTX3/Cr were significantly higher at baseline compared to follow-up (median 0.8 

vs 0 ng/mmol, P 0.01) and a significant correlation was found between uPTX3/Cr and BVAS 

at baseline (ρ=0.49, P 0.008). At follow-up there was no difference between uPTX3/Cr levels 

in patients in remission vs those with active disease. No correlation between plasma PTX3 and 

uPTX3/Cr at baseline was found nor a difference in uPTX3/Cr levels between patients with 

PR3- and MPO-ANCA positive disease. uPTX3/Cr levels were significantly higher in patients 

with kidney involvement compared to those without (P 0.005) (figure 20) and a significant 

correlation was found between uPTX3/Cr and creatinine (ρ=0.47, P 0.01), eGFR (ρ=-0.42, P 

0.025) and albuminuria (ρ=0.54, P 0.002) at baseline. When comparing patients who had 

received treatment at inclusion vs treatment naïve patients no difference was found in uPTX/Cr 

nor was there a significant correlation between the cumulative GC dose or current daily dose 

at baseline and uPTX3/Cr.  

4.3.4.3 Predictive role of plasma PTX3 

To assess whether PTX3 could be a potential prognostic factor for kidney function (eGFR) at 

the 6-month follow-up a ROC curve analysis was performed. The AUC was 0.62.  
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4.3.4.4 CRP and ESR levels 

CRP was significantly higher at baseline than follow-up (9.0 mg/L vs 2.0 mg/L, P <0.001). 

There was no correlation between BVAS and CRP levels or ESR at baseline. CRP levels did 

not correlate to BVAS. No difference was found in CRP levels between patients with and 

without kidney involvement.  

Figure 20. Comparison of A) plasma Pentraxin-3 (PTX3) and B) urinary PTX3 levels between patients with and 

without kidney involvement. ** P <0.01, *** P<0.001. Previously unpublished.  

4.4 STUDY III 

4.4.1 Patients and controls 

Seventy-four patients from the longitudinal cohort were included in the study. The patients 

were included at diagnosis (a new diagnosis or a disease relapse) and followed prospectively 

for 6 months (median 194 days). Sixty-five (88%) had a newly diagnosed disease and nine 

(12%) had a diagnosis of a relapsing previously diagnosed AAV. Baseline characteristics of 

the patients included are shown in table 2. 

For comparison, sTWEAK levels were measured in 20 randomly selected controls from a 

population-based cohort, 6 were females, 14 males, median age 64 years (range 59-70). The 

controls have been described in previous studies (285, 286).  

4.4.2 Treatment  

For 67 patients (90.5%) induction treatment had been started at the time of sampling. Median 

time from initiation was 5 days (range 0-37 days). All these patients had received treatment 

with GCs, 29 had received intravenous GC treatment. The median cumulative dose of GC at 

baseline was 525 mg. Twenty-one patients had received CYC of which three patients had 
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received 2 CYC doses, three RTX, six MTX, and two had received MMF. At follow-up, 

remission maintenance treatment with AZA, MMF, MTX or RTX had been initiated in 55 of 

the patients.  

4.4.3 Disease activity and phenotype 

At inclusion, the disease activity assessed using BVAS was 15 at inclusion and decreased to a 

median of 0 at the 6-month follow-up (P <0.0001). Five patients had an active disease at the 

follow-up. Forty-two (55.8%) of the patients had kidney involvement at baseline, in which 39 

patients confirmed with a kidney biopsy and whereas three patients were diagnosed clinically.  

4.4.4 Laboratory results 

4.4.4.1 Urinary TWEAK  

Urine samples for measurement of TWEAK-to-Creatinine ratio (uTWEAK/Cr) were available 

in 69 of the patients. The uTWEAK/Cr levels were higher at baseline compared to at the follow-

up (median 7.21 pg/mmol vs 4.94 pg/mmol, P 0.001). Patients that had received treatment at 

baseline had higher levels of uTWEAK/Cr compared to the patients who had not (P 0.03). 

When comparing patients in remission (n=69) with patients with active disease (n=5) at follow-

up no significant difference was found in uTWEAK/Cr levels. There was no significant 

difference in uTWEAK/Cr levels in patients with a new diagnosis compared to a disease 

relapse. Patients with PR3-ANCA positive disease had higher uTWEAK/Cr than patients with 

MPO-ANCA positive disease (5.6 vs 3.9 ng/mmol, P 0.05), although the difference was not 

statistically significant. Patients with kidney involvement had higher uTWEAK/Cr levels at 

baseline compared with patients without (median 8.49 pg/mL vs 6.34 pg/mL, P 0.03). 

A correlation was found between uTWEAK/Cr levels and BVAS at baseline (ρ=0.33, P 0.006) 

as well as a correlation between albuminuria and uTWEAK/Cr (ρ 0.28, P 0.022). No 

correlation was found between creatinine and uTWEAK/Cr and there was not a significant 

difference in uTWEAK/Cr levels in patients with and without haematuria at baseline or at 

follow-up. Furthermore, no correlation was found between uTWEAK/Cr and sTWEAK levels.  

4.4.4.2 Serum TWEAK levels  

sTWEAK levels were significantly higher in AAV patients at inclusion compared to follow-

up (median 465.6 pg/ml vs 436.1 pg/ml, P 0.009) but there was not a significant difference in 

sTWEAK levels between patients at inclusion or follow-up when compared to controls (P 0.67 

and P 0.054, respectively) (figure 21). When comparing subgroups, no difference was found in 
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sTWEAK levels between patients with a newly diagnosed disease compared to a disease 

relapse or in patients that were in remission compared to those who had an active disease at the 

follow-up. There was no difference in sTWEAK levels comparing patients with and without 

kidney involvement. 

No correlation was found between sTWEAK and BVAS at inclusion (ρ=-0.06, P 0.60). A 

significant correlation was found between sTWEAK levels and creatinine (ρ=-0.326, P 0.005) 

and eGFR (ρ=0.313, P 0.007) at baseline but no correlation between sTWEAK levels and 

albuminuria was seen.  

 

 

 

4.4.4.3  CRP and ESR levels  

CRP and ESR levels were significantly higher in patients at inclusion compared to follow-up 

(median 10 vs 2 mg/l, P <0.001 and 35 vs 12 mm, P 0.001, respectively) but there was not a 

significant correlation between BVAS and CRP or ESR levels at baseline nor a correlation 

between CRP or ESR levels and TWEAK levels.  

4.4.4.4 Immunohistochemical staining  

Two kidney biopsies from patients with active AAV were stained using IHC. One biopsy had 

about 90% glomerular crescent/necrosis and the other more than 50% glomerular crescents. A 

biopsy from a nephrectomised patient was stained as a control. The staining showed a clear 

expression of TWEAK in the kidney biopsies from AAV patients when compared to the control 

kidney tissue. A high TWEAK expression was found in both tubular and glomerular areas. In 

the glomeruli TWEAK accumulation was found in the formed crescents and the podocyte foot 

Figure 21. Comparison of serum TWEAK levels 

in patients with ANCA-associated vasculitis at 

baseline (0 months) and follow-up (6 months) 

and controls. Wilcoxon signed-rank test used for 

comparison between timepoints and Wilcoxon 

rank sum test used for comparison between 

patients and controls. **P<0.01. ns: not 

significant. Previously unpublished.  
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processes. Moreover, TWEAK expression was seen in circular shapes of the endothelial cells 

lining the capillary walls. TWEAK expression was found both in the proximal and distal 

tubules. Staining for Fn14, TWEAKs receptor, showed a slightly increased expression, mainly 

in the tissue from the patient with severe glomerular crescent/necrosis (around 90%). The 

control tissue showed faint podocyte and endothelial glomerular staining and upregulated 

expression of Fn14 in the podocyte foot processes (in a linear staining pattern) and increased 

Fn14 expression in the glomerular endothelial cells.  

Histopathological classification score  

Kidney biopsies were available for 39 of the patients with kidney involvement. One patient 

was excluded as there were no histopathological findings consistent with AAV on the biopsy 

nor an elevation of plasma creatinine or significant haematuria. The patient was therefore not 

considered to have kidney involvement. When scored by an experienced kidney pathologist, 

21 of the biopsies were classified as focal, nine as mixed, three as sclerotic and five as 

crescentic. When urinary and sTWEAK levels were compared between these groups no 

significant differences were found.  
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Figure 22. a) Serum TWEAK levels in different histopathologic groups. b) Urinary TWEAK levels in different 

histopathologic groups. Previously unpublished.  
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5 DISCUSSION 

AAV are a group of serious and potentially organ- and life-threatening heterogenous diseases. 

Although increased understanding of AAV has led to improved diagnosis and treatment, 

challenges remain. Relapses are common, the optimal treatment duration is not defined, and 

treatment with immunosuppressives carries risk of adverse effects such as infections, 

malignancies, osteoporosis, diabetes mellitus and infertility with on impact on patient´s QoL. 

No fully reliable methods exist to assess disease activity, evaluate treatment response, and 

predict relapses. It is therefore important to identify novel biomarkers to assist and improve 

evaluation of the disease course as well as enable individualized treatment. BVAS is the 

standardized tool for disease activity assessment in clinical AAV research, combining 

laboratory and clinical findings. It is however cumbersome to use in clinical practice, as it is 

time-consuming and appropriate training is needed for proper use. Biopsies are the gold 

standard for diagnosis but are invasive and carry a risk of complications.  

In the studies presented in this thesis we aimed to identify non-invasive novel biomarkers and 

to better understand their link to pathogenic mechanisms in AAV. The pathogenesis of AAV 

is complex and although our understanding of the pathophysiological processes has increased 

in the recent years much remains elucidated.   

5.1 THE ROLE OF PENTRAXIN-3 IN AAV  

We investigated PTX3 as a potential biomarker in study I and II. In study I, a cross sectional 

study, we found that circulating PTX3 levels were significantly higher in patients with active 

disease compared to population-based controls and that the levels were higher in active 

compared to inactive disease. Study II was a longitudinal study where AAV patients were 

prospectively followed from diagnosis (new disease or a disease relapse) to a 6-month follow-

up. Our main findings were that plasma PTX3 levels were higher in patients with active disease 

at baseline compared to follow-up, where majority of the patients had inactive disease, and 

compared to levels in population-based controls. uPTX3 levels were also higher in patients at 

inclusion compared to at the follow-up. We found a correlation between disease activity 

(assessed with BVAS) and circulating PTX3 in study I and similarly, both urinary and plasma 

PTX3 levels correlated with BVAS in study II. In study I, a ROC analysis was performed to 

assess the validity of plasma PTX3 levels in identifying active AAV disease where the AUC 

was 0.83 which suggest that PTX3 could be a useful disease activity marker in AAV.  
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Our results are in line with the results of previous cross-sectional studies on AAV patients that 

have shown higher plasma PTX3 levels in active compared to inactive disease (200) and a 

correlation between plasma PTX3 and BVAS (213). Interestingly, circulating PTX3 levels 

have been reported to be higher in AAV patients compared to patients with SLE, RA and 

CREST (calcinosis, Raynaud’s phenomenon, oesophageal dysmotility, sclerodactyly, 

telangiectasises) syndrome (200). Elevated circulating PTX3 levels have been demonstrated in 

active SLE and Takayasu arteritis (208, 290, 291) and a correlation with disease activity has 

been reported (201-203, 213). Moreover, circulating PTX3 has also been shown to be elevated 

in patients with other conditions such as sepsis, systemic inflammatory response syndrome and 

myocardial infarction (292-295). uPTX3 levels have been studied in LN and have been found 

to be higher in active compared to inactive disease (290). Thus, PTX3 does not seem to be a 

disease specific marker for AAV but a potential useful biomarker in various inflammatory 

diseases.  

CRP is a commonly used biomarker in the assessment of disease activity in systemic 

inflammatory diseases in absence of other more dependable markers. Although patients with 

active disease had higher CRP levels than patients at the follow-up in study II and compared 

to patients in remission in study I, we did not find a significant correlation between CRP and 

BVAS at baseline in study II. Moreover, there was no significant correlation between PTX3 

and CRP. These findings are in line with results of other studies that have investigated the 

association between CRP and PTX3 in AAV (200) and other systemic inflammatory diseases 

such as SLE, ankylosing spondylitis, and SSc (201, 207, 296-298). However, a significant 

correlation was found between PTX3 and CRP levels in a cross-sectional study of 63 AAV 

patients (213) and a study of children with active IgA vasculitis (299). Our results indicate that 

PTX3 is a more reliable biomarker than CRP in relation to assessment of disease activity in 

AAV. CRP is produced by hepatocytes in response to inflammatory signals, most prominently 

IL-6, whereas PTX3 is produced locally in tissues in response to various cytokines (185). PTX3 

might therefore be a better marker of localized inflammatory activity and more easily pick up 

emerging inflammation than CRP. PTX3 has previously been shown to have much shorter time 

to peak than CRP following myocardial infarction, supporting PTX3 role as an early marker of 

tissue injury (292).  

We found no correlation between plasma PTX3 and uPTX3 levels in study II. Urine samples 

for measurement of uPTX3/Cr were only available in a subset of the patients thus making it 

difficult to draw firm conclusions from these results. To our knowledge the association between 

urinary and plasma PTX3 in AAV has not been studied previously. A significant correlation 
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between plasma and uPTX3 levels has however been reported in LN (290). Further studies are 

needed to better delineate the relationship between urinary and plasma PTX3 in AAV.  

In study II, levels of plasma and urinary PTX3 were higher in patients with kidney 

involvement compared to those without. Moreover, urinary and plasma PTX3 correlated with 

eGFR as well as albuminuria. The association between uPTX3 levels and kidney involvement 

suggests that uPTX3 reflects local production caused by inflammation in the kidneys. Elevated 

uPTX3 levels have been found in patients with urinary tract infections and increased serum 

PTX3 levels in patients with kidney parenchymal scars caused by pyelonephritis (300, 301). 

Expression of PTX3 in kidney tissue has been found in glomerular mesangial cells, endothelial 

cells and infiltrating inflammatory cells in IgAN (302) and in tubulointerstitial areas in LN 

(290). Previously a histopathological staining of kidney tissue in a patient with MPO-ANCA 

positive disease has been described. A prominent PTX3 expression was seen in interstitial 

inflammatory cells and peritubular capillaries (303). Therefore, elevated local PTX3 

production in the kidney and the urinary tract seems to be independent of systemic PTX3 levels 

and thus reflect local inflammatory process. The results of animal and in vivo studies indicate 

that PTX3 has an regulatory effect on tissue inflammation in acute kidney injury and limits the 

development of chronic kidney injury (211, 212, 304). These findings support the role of PTX3 

in the pathogenesis of acute inflammatory kidney disease. One possible explanation for the 

correlation between plasma PTX3 and kidney function might be a retention caused by 

decreased glomerular filtration due to PTX3 size (42 kDA, multimers 440 kDa) (191). Whether 

the elevated plasma PTX3 levels in kidney disease reflect local injury and inflammation in the 

kidney or impaired glomerular filtration remains therefore unclear.  

Although we found a correlation between plasma PTX3 and BVAS and higher PTX3 levels in 

patients with kidney involvement, plasma PTX3 at baseline does not seem have a predictive 

value for kidney function during short-term follow-up.  

In study I, there was no difference in plasma PTX3 between patients treated with ongoing GCs 

treatment compared to those without. As most of the patients had received treatment prior to 

inclusion in study II we investigated the effect of treatment on plasma and uPTX3 levels. We 

found that patients who had received treatment at baseline had higher plasma PTX3 levels. 

This may be explained by more severe disease in this group of patients. At baseline, a 

correlation between plasma PTX3 levels and both the daily and the cumulative GC dose was 

found. Comparable results have been found in SLE patients (202). In contrast to our findings, 

Fazzini et al found higher serum PTX3 levels in treatment naïve AAV patients compared to 
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those on treatment (most commonly prednisolone and AZA) (200) and a study on Takayasu´s 

arteritis showed no correlation between plasma PTX3 levels and the current prednisolone dose 

(291). The correlation between higher cumulative GC dose and PTX3 may demonstrate an 

association between plasma PTX3 levels and disease activity, as higher doses of GCs are more 

commonly administrated in more severe disease. However, elevated levels could also 

potentially be explained by a direct effect of GCs on PTX3 production. Circulating PTX3 levels 

have been reported to be higher in patients with Cushing syndrome and intravenous GC 

treatment has been shown to increase serum PTX3 levels in healthy subjects (305). A negative 

correlation was found between CRP and the cumulative GC dose at baseline, indicating that 

CRP levels are more affected by GC treatment.  

5.2 THE ROLE OF TWEAK IN AAV   

In study III, we investigated the role of urinary and sTWEAK in a longitudinal cohort of AAV 

patients. uTWEAK levels were higher at baseline compared to 6-month follow-up and a 

significant correlation was found between uTWEAK and BVAS at baseline. This is the first 

study where TWEAK has been investigated in a longitudinal cohort of AAV patients. 

uTWEAK has previously been studied in SLE, particularly LN, where uTWEAK levels have 

been found to be higher in active compared inactive disease (246-248, 306-308) and to be 

associated with disease activity (246-248, 306, 309). Moreover, uTWEAK levels have been 

found to decrease significantly after induction treatment in a longitudinal study of LN patients 

(310) and to be a potential predictive biomarker for remission in LN patients (311). In one of 

these studies, 14 AAV patients with active kidney involvement were included as disease 

controls. The patients with AAV were significantly older and had worse kidney function 

compared to the active LN group. No difference was found between uTWEAK levels in 

patients with AAV and active LN (309). uTWEAK as a biomarker has also been studied in 

other glomerular diseases. A study of IgAN demonstrated higher uTWEAK in IgAN compared 

to healthy controls. Moreover, higher uTWEAK levels were found in a glomerular disease 

control group, consisting of patients with LN, membranous nephropathy (MN), focal segmental 

glomerulosclerosis and minimal change disease (MCD), when compared to healthy controls. 

There were no significant differences in levels between IgAN patients and the other glomerular 

diseases (245). In study III, we found a significant correlation between albuminuria and 

uTWEAK at baseline. Most studies on uTWEAK in LN patients have shown no correlation 

between proteinuria and uTWEAK levels (309-311) while it has been reported in others (248) 

These discrepant findings suggest that different processes lie behind increased proteinuria and 

elevated uTWEAK levels and that uTWEAK does not only reflect damaged glomerular 
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filtration barrier but may also be a marker of local kidney inflammation. However, Sasaki et al 

found a significant correlation between uTWEAK levels and proteinuria in patients with MN 

and MCD (245), diseases not characterized by infiltrative inflammation. Further studies are 

needed with comparison of uTWEAK levels in AAV with kidney manifestations and 

podocytopathies to better delineate this association. In study III, we showed that uTWEAK 

levels were higher at baseline in patients with kidney manifestations of AAV compared to those 

without although no correlation between kidney function (eGFR or plasma creatinine) and 

uTWEAK levels was found. Fn14 and TWEAK have been shown to be upregulated in 

experimental acute kidney injury (219, 312) and blockade of TWEAK and Fn14 has been 

demonstrated to diminish kidney injury in animal models and in vitro studies (238, 313, 314). 

However, TWEAK also induces proliferation in tubular cells and may potentially contribute to 

recovery in acute kidney injury (312). Interestingly, Schwartz et al studied uTWEAK as a 

biomarker in LN and compared to controls with non-inflammatory kidney disease. Although 

levels were elevated in LN patients, uTWEAK was not found to be higher in controls with 

kidney disease due to diabetes nephropathy and hypertension compared to controls without 

kidney disease (246). This indicates that uTWEAK reflects inflammatory activity in the kidney 

and is not only a marker of kidney tissue damage.  

As most of the patients in the cohort had received treatment at the time of sampling at baseline, 

we investigated the treatment effect on uTWEAK levels. We found a significant, although 

weak, correlation between the cumulative GCs dose at baseline and uTWEAK levels. Studies 

of patients with LN have not demonstrated a correlation between a cumulative GC dose and 

uTWEAK (311) or difference in levels in patients treated with GCs vs those not on treatment 

(306). In study III, we found elevated uTWEAK levels in patients who had received treatment 

at sampling at baseline compared to patients who were treatment naïve. Similarly, uTWEAK 

levels were higher in patients treated with CYC at the time of sampling vs those who had not 

received CYC. These findings are likely explained by an increased disease activity and thereby 

a choice of preferred therapy in these patients. Our results indicate that uTWEAK levels may 

be affected by GCs and other immunosuppression treatment although the pathogenesis behind 

this is unclear. 

In study I, we measured sTWEAK levels in active and inactive AAV patients and compared 

to population-based controls. There were no significant differences in sTWEAK levels when 

comparing patients with active to inactive disease or when comparing patients with AAV to 

controls. In study III, a significantly higher sTWEAK levels were found in patients at baseline 

compared to follow-up. However, there was no difference in serum levels when comparing 
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patients to controls. sTWEAK levels have been found to be lower in SLE patients compared to 

healthy controls (246) and higher in active disease compared to inactive (309). A study of LN 

including 31 AAV disease controls showed no difference in sTWEAK levels when comparing 

AAV and LN (309). sTWEAK has been shown to be elevated in other systemic inflammatory 

diseases such as psoriatic arthritis, SSc and RA, when compared to controls (241, 315, 316). 

Interestingly, sTWEAK are decreased in diabetes mellitus and kidney failure but have shown 

to increase after kidney transplantation (240, 317, 318). In study III, we found a correlation 

between sTWEAK and eGFR and negative correlation to creatinine. This association between 

sTWEAK and kidney function could be due to increased uptake by Fn14 which is upregulated 

in tissue injury (237). Another potential explanation is an upregulation of CD163, TWEAKs 

scavenger receptor (319). CD163 is a transmembrane protein expressed on the surface of 

macrophages (320) and in-vitro studies have demonstrated that CD163-expressing 

macrophages can bind and internalize TWEAK (321) which potentially could lead to lower 

sTWEAK levels. It has furthermore been shown that CD163 is upregulated in kidney tissue in 

acute crescentic GN in AAV (322). Interestingly, urinary CD163 has been shown to be a 

promising potential biomarker in ANCA-associated GN (235, 323, 324). However, urinary 

CD163 has also been shown to be elevated in LN and therefore does not seem to be disease 

specific (325, 326). Further studies are needed to investigate the relationship between TWEAK 

and CD163 in AAV.  

In study III, no correlation between serum and urinary TWEAK levels was seen. Similarly, 

Sazaki et al found no correlation between serum and urinary TWEAK levels in patients with 

IgAN (245). These findings may be explained, at least partly, by upregulation of TWEAK in 

acute inflammation in the kidney inflammation AAV.  

In study III, using IHC we found increased expression TWEAK and fainter staining for Fn14 

in kidney tissue from AAV patients. TWEAK expression was noted in tubular areas, 

glomerular crescents, and podocytes as well as in the capillary walls. TWEAK staining in 

glomeruli has previously been reported in AAV patients (245). The increased expression of 

TWEAK on podocytes in AAV patients may indicate that the TWEAK/Fn14 pathway could 

be involved in the pathogenesis of proteinuria in AAV. Although proteinuria is a frequent 

finding in ANCA-associated GN (327) the involvement of podocytes in the developement of 

proteinuria in AAV has not been well delineated. Recently, studies on podocyte morphology 

in AAV patient have shown increased podocyte foot process width in AAV patients (328) and 

this in turn correlates with proteinuria (329).  
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We did not find differences in TWEAK levels across the histopathologic classification groups. 

However, due to a limited number of kidney biopsies investigated no firm conclusions can be 

drawn from these results.  

5.3 THE ROLE OF CIRCULATING MPO+EVS EXPRESSING INFLAMMATORY 
MARKERS IN AAV 

In study I, we investigated inflammatory markers expressed on MPO+EVs. The EVs 

expressing MPO can be assumed to be mostly of neutrophilic origin as MPO is mainly stored 

in neutrophilic granules, although found in monocytes in much smaller quantities (330). We 

found that concentrations of MPO+EVs and MPO+EVs expressing PTX3, TWEAK and 

HMGB1 in plasma were higher in patients with AAV compared to population-based controls. 

Concentrations of MPO+EVs expressing HMGB1 and PTX3 were significantly higher in the 

active AAV group compared to the inactive group and a significant correlation was found 

between BVAS and MPO+EVs expressing HMGB1 as well as PTX3.  

EVs are released from various cells, including neutrophils, platelets, monocytes, and 

endothelial cells. EVs can fuse with target cells transferring biomolecules from the parenting 

cell and mediate long-distance cell-to-cell communication such as inflammation, coagulation 

and endothelial dysfunction (331, 332). Levels of EVs derived from endothelial cells and 

platelets have been shown to be elevated in AAV (261, 333). As neutrophils play a pivotal role 

in the pathogenesis there has been increasing interest in the effect of EVs of neutrophilic origin 

in AAV. Daniel et al demonstrated increased levels of NEVs in patients with active compared 

to inactive vasculitis (the majority with AAV) (264). Similar findings were shown in another 

study of patients with AAV. The leucocytic and endothelial derived EV count was higher in 

active AAV compared to patients in remission/partial remission and healthy controls and 

correlated with disease activity assessed by BVAS (261).  

There is increasing evidence for the inflammatory mediation induced by receptors, proteins 

and mRNAs expressed on NEVs in AAV. In vitro studies have shown that NEVs cause release 

of cytokines and activation of endothelial cells (262, 334). Hong et al showed that ANCA 

activated primed neutrophils release EVs expressing PR3 and MPO and that NEVs activate 

endothelial cells causing ROS production and a release of cytokines (262). NEVs bearing B1-

kinin receptor have been reported in AAV patients AAV and in vitro EVs transfer of B1-kinin- 

receptors to kidney cells induce calcium influx after stimulation (335). Surmiak et al recently 

demonstrated that EVs in plasma from patients with GPA cause dsDNA release from 

neutrophils and ROS production (336). Furthermore, a recently published study showed that 
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after stimulation (including ANCA mediated) NEVs carry miRNAs that are taken up by 

endothelial cells and induce vascular damage (337). The effect of EVs expressing MPO on 

endothelial and epithelial cells has also been investigated. MPO associated with activated 

human NEVs cause ROS mediated injury to vascular endothelial cells in vitro (263) and NEV 

expressing MPO inhibit migration and proliferation of intestinal epithelial cells, limiting wound 

healing (338).  

Our results show that PTX3+MPO+EVs concentrations correlated with disease activity and 

were significantly elevated in acute AAV and in the total AAV group compared to controls. 

Furthermore, a correlation to serum PTX3 was found. This further supports PTX3 contribution 

to inflammatory conditions in active AAV and its role as a potential biomarker in AAV. As 

PTX3 is released in NETs during NETosis (57), increased expression of PTX3 on NEVs may 

be a reflection of amplified neutrophil mediated inflammation and NETosis in AAV. 

Surprisingly, concentrations of MPO+EV expressing PTX3 did not differ between patients with 

and without kidney involvement in study I although we found plasma PTX3 levels to be higher 

in patients with kidney manifestations in study II. These discrepant results could be due to the 

smaller patient sample included in study I. One proposed explanation for the elevated plasma 

PTX3 levels is impaired glomerular filtration in kidney injury. However, this should also affect 

levels of EVs as it is unlikely that EVs of inflammatory cell origin pass an intact glomerular 

filtration barrier because of their size. Although EVs have been found in urine, they are 

predominantly of urogenital cellular origin (339). As stated previously, PTX3 is a 

multifunctional protein with diverse roles in immunity and inflammation. The effect and the 

role of EVs expressing PTX3 in the pathogenesis of AAV ought to be studied further in animal 

models and larger prospective studies of AAV patients.  

Concentrations of TWEAK+MPO+EVs were significantly higher in AAV patients compared to 

controls but no difference was seen between active and inactive patient and no significant 

correlation to disease activity was found. This is consistent with the results of our study on 

sTWEAK levels in AAV patients (study I and III). Neither sTWEAK levels nor TWEAK 

expressed on NEVs did reflect disease activity in AAV.  

Serum levels of HMGB1 measured with ELISA did not differ between AAV patients and 

controls or between the active AAV subgroup and the inactive AAV group. Previously, plasma 

HMGB-1 levels (measured with ELISA) have been reported to be higher in active AAV 

compared to patients in remission and healthy controls and to correlate with BVAS (269). 

Elevated serum levels measured with Western blot have also been shown in AAV patients with 
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kidney involvement compared to patients in remission (268). In contrast to these findings, no 

difference was reported between HMGB1 where levels AAV patients and healthy controls 

were measured with ELISA (340). This discrepancy in findings may be explained by the 

difference in methods used (341). In study I, no difference in serum HMBG1 levels was 

detected in AAV patients compared to controls or in active compared to inactive disease. In 

contrast to serum levels, concentrations of MPO+EV expressing HMGB1 were higher in AAV 

patients compared to controls and there was also a significant difference in levels between the 

active and the inactive AAV group. Furthermore, HMGB1+MPO+EV concentrations correlated 

significantly with disease activity. Pisetsky has previously reported release of EVs and 

HMGB1 from stimulated macrophages in vitro and later a release of platelet and monocyte 

derived EVs expressing HMGB1 in patients after lipopolysaccharide administration. A 

possible explanation for our findings is that measurement of HMGB1 expressed on EVs is a 

more sensitive measurement as HMGB1 is primarily released on EVs, as suggested by Pisetsky 

(342). Supporting this is the lack of correlation between serum HMGB1 and MPO+EVs 

expressing HMGB1 in study I. MPO+EVs expressing HMGB1 may therefore be a potential 

disease activity biomarker in AAV.  

5.4 THE ROLE OF CIRCULATING MPO+EVS EXPRESSING MARKERS 
INVOLVED IN COAGULATION IN AAV  

In this study we found that concentrations of MPO+EVs and EVs expressing all the investigated 

markers, TF, H3Cit and Plg were higher in the total AAV patient group compared to controls 

and MPO+EV expressing TF and H3Cit were elevated in active compared to inactive disease. 

Thrombin generation explored using a modified CAT assay was increased in patients with 

AAV compared to controls, but there was no difference in thrombin generation comparing 

inactive and active patients. A correlation between thrombin generation parameters and 

MPO+EVs expressing H3Cit, TF and Plg was found.  

There has been considerable interest in the procoagulant role of EV. In study IV, we used a 

modified thrombin generation assay to explore the effect of EVs on thrombin generation. 

Thrombin generation was measured after addition of EVs enriched pellet obtained from plasma 

samples of AAV patients and control subject instead of TF and phospholipids as in the original 

CAT method (343). Similar modified thrombin generation assays have previously been 

described. Bidot et al demonstrated enhanced EV mediated thrombin generation in patients 

with thrombosis compared to healthy controls. The EV mediated thrombin generation was even 

more increased in patients with recurrent thrombosis compared to patients with history of a 

single thrombotic event (344). Later Eleftheriou et al investigated EV mediated thrombin 
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generation in children with vasculitis (five with active and four with inactive AAV) using 

similar modified assay. An increase in EV mediated thrombin generation was found in active 

compared to inactive disease (345). In study IV, we found an augmented thrombin generation 

in the whole AAV patient group compared to controls using the modified CAT assay. This 

indicates that the procoagulant abilities of EVs contribute to the hypercoagulability seen in 

AAV.  

TF is a key initiator of blood coagulation cascade leading to thrombin generation (275). 

Concentrations of NEVs bearing TF have been shown to be elevated in AAV (277) and EVs 

expressing TF have been demonstrated to bind and transfer proteins and lipids to activated 

platelets (276). Kambas et al showed that neutrophils from patients with active AAV release 

TF-expressing EVs and NETs. Additionally, they found higher levels of EVs expressing TF in 

AAV patients with active compared to inactive disease and a correlation between levels of 

NEVs expressing TF and BVAS (277). Huang et al later demonstrated that C5-primed 

neutrophils activated by ANCA released EVs and NETs expressing TF and furthermore that 

NETs containing TF had thrombin generation capacity (346). In a prospective study of AAV 

patients increased EV TF activity was associated with increased risk of VTE, even in remission 

(278). All these findings support the role of EVs expressing TF in the mechanisms behind 

hypercoagulability in AAV. The results of study IV further support these previous findings as 

NEVs expressing TF were not only elevated in active disease and correlated to disease activity, 

but also correlated to parameters of thrombin generation and may therefore contribute to the 

procoagulant state seen in AAV. 

NETs are known to play a significant role in the mechanism of thrombosis in inflammatory 

state by interaction with the coagulation cascade and platelets (273). As previously noted, 

H3Cit is a specific biomarker for NETs (271). Mural model studies have demonstrated 

interaction between H3Cit and von Willebrand factor contributing to growth and stabilization 

of VTE (347). Interestingly, the presence of NETs in a venous thrombus derived from a patients 

with AAV has been reported (274). NEVs expressing H3Cit have not previously been 

investigated in AAV. Not only did we find elevated levels of H3Cit+MPO+EVs in AAV 

compared to controls in study IV but also higher levels in active disease compared to 

remission. However, we did not find a correlation between H3Cit+MPO+EVs and BVAS. A 

correlation between concentrations of NEVs expressing H3Cit with parameters of thrombin 

generation both in the whole group of AAV patients but also in the active disease subgroup 

was found. These results indicate that NEVs expressing components of NETs contribute to the 

procoagulant state in AAV patients, particularly in active disease.  
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Plasminogen (Plg) is a key component of the fibrinolytic system (279). The presence of Plg 

antibodies has been reported in AAV patients and have been found to delay the conversion of 

Plg to plasmin in vitro and to be associated with VTE in AAV patients (280-282). Furthermore, 

an association was found between levels of Plg antibodies and histologic lesions in the kidney 

and impaired kidney function (280). Beside its role in fibrinolysis, Plg exerts diverse 

inflammatory effects such as complement interaction, immune cell recruitment and resolution 

of inflammation (348). EV expressing Plg have not been measured previously in AAV. In 

study IV, while levels of Plg+MPO+EV did not correlate to disease activity and were not 

significantly elevated in active disease, the levels were higher in patients compared to controls. 

The elevated concentrations of MPO+EVs expressing plasminogen in AAV patients may 

potentially be explained by the interaction between the fibrinolytic system, coagulation factors 

and complements in inflammation (283).  

Interestingly, the levels of MPO EVs expressing all the investigated markers were significantly 

higher in patients with AAV, even in inactive disease, compared to controls. This suggest that 

NEVs expressing factors involved in coagulation may contribute to the increased risk of VTE 

seen in patients with AAV, even in remission (283).  

5.5 GENERAL DISCUSSION  

One of the clinical challenges in caring for AAV patients is the lack of a reliable and validated 

biomarkers to aid in the assessment of disease activity. Previous studies in other inflammatory 

diseases have demonstrated elevated PTX3 and TWEAK levels in active disease. These 

markers thus do not seem to be disease specific but may also contribute to inflammatory 

processes in AAV. Our novel results indicate that PTX3 and TWEAK may potentially have a 

role as biomarkers in monitoring disease activity in AAV. NEVs expressing TF, PTX3 and 

HMGB1 were shown to be potential biomarkers for assessment of disease activity but may also 

be involved in the disease pathogenesis. Furthermore, NEVs expressing factors involved in 

coagulation may contribute to the increased risk of thrombosis in AAV.  

The studies presented in this thesis show that although most of the investigated biomarkers are 

lower in inactive compared to active disease, they are higher in patients in remission compared 

to controls. These findings indicate that despite improved treatment there may be an ongoing 

inflammatory activity in patients considered to be in remission. AAV patients, even in 

remission, commonly have decreased QoL with prominent symptoms such as fatigue, reduced 

energy levels, sleep disturbances and pain for which the mechanism is poorly understood and 

where treatment options are limited (141, 142). Although the reason for this is likely to be 
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multifactorial, an ongoing inflammatory process may be a contributing factor to those 

symptoms. Furthermore, this inflammatory activity may play a role in development of disease 

complications such as increased risk of CVD and VTE.  

5.6 LIMITATIONS 

All patients included in the studies came from the AAV cohort at the Karolinska University 

Hospital and were studied cross-sectionally or followed prospectively over time from 

diagnosis. Patients with a broad range of disease manifestations are included in the cohort, 

ranging from localized ENT manifestations to serious disease with multi-organ involvement. 

Treatment decisions were made by the treating physician. At the inclusion in the studies, CYC 

was the most common remission induction treatment used in systemic disease. RTX had not 

yet become a standard induction treatment option and therefore the effect of RTX on these 

biomarkers could not be assessed, nor compared to CYC or other treatment.  

5.6.1 Study I and IV  

The limitation of these studies is the relatively low number of both patients and controls 

included. Another limitation is the cross-sectional design and lack of disease controls.  

Moreover, all but one patient in the active disease group had received treatment before 

sampling. We addressed this by investigating the association between the investigated markers 

and the treatment patients had received.  

In study IV, the modified method based on a CAT-assay was used to assess thrombin 

generation. We did not extract specific EVs from the pellet and the EVs may therefore be 

derived from various cells and not specifically of neutrophilic origin. The effect of EVs 

derived from other cells cannot be ruled out. When measuring levels of investigated 

biomarkers, the majority of MPO+EVs were assumed to be of neutrophilic origin since the 

MPO is primarily found in neutrophil granules, although also expressed on monocytes.  

5.6.2 Study II and III 

One limitation of the study was that most patients had received treatment before the time of 

sampling at baseline. As AAV are a group of serious and potentially life-threatening diseases, 

recruitment of patients before treatment onset is challenging. As in the other studies we 

attempted to address this limitation by evaluating the effect of treatment on levels of the 

investigated biomarkers.  
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Another limitation is the relatively short follow-up. Longer follow-up duration would have 

made evaluation of the role of PTX3 (study II) and TWEAK (study III) as potential predictors 

of disease relapse more suitable.  

Thirdly, in study II and III urine samples for measurement of the investigated biomarkers 

were not available for all the study subjects and no urine samples from controls were available 

for comparison. 

Finally, the lack of disease controls in these studies is a limitation.  
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6 CONCLUSIONS 

In the studies presented in this thesis plasma and urinary PTX3 as well as urinary TWEAK 

were identified as potential biomarkers in AAV. These biomarkers were increased in active 

AAV and reflected disease activity in contrast to the commonly used inflammatory marker 

CRP. Although PTX3 and uTWEAK are not disease specific, we believe that they could aid in 

the monitoring of disease activity in AAV patients. As the markers were found to be elevated 

in AAV patients with kidney involvement and correlated with albuminuria novel research 

questions arise on their more specific role in the pathogenesis of kidney inflammation in AAV.  

Concentrations of MPO positive EVs expressing PTX3, HMGB1 and TF were elevated in 

active disease compared to remission and reflected disease activity. This indicates that they 

may have a role in the pathogenesis and exacerbation of AAV and may potentially serve as 

biomarkers in the diagnosis and monitoring of AAV.  

We found that circulating PTX3 levels and concentrations of MPO+EVs expressing HMGB1, 

TWEAK, H3Cit, TF and Plg were higher in patients in remission compared to controls 

indicating that even during remission AAV patients have persistent inflammation compared to 

healthy subjects. This could be an important aspect in the increased risk of complications such 

as cardiovascular and thromboembolic events in AAV patients.  

Finally, we found that patients with AAV had augmented thrombin generation compared to 

controls. As the concentrations of MPO+EVs expressing TF and H3Cit correlated with 

parameters of thrombin generation our results indicate that functional procoagulant properties 

of EVs depend at least partly on MPO+EVs expressing these factors. These results suggest that 

NEVs may contribute to the vascular injury and hypercoagulability seen in AAV patients.  
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7 POINTS OF PERSPECTIVE AND FUTURE 
CONSIDERATIONS 

Even though our understanding of the pathogenesis of AAV has increased during recent 

decades and modern immunosuppressive treatment has changed the landscape in bringing 

about improved prognosis and decreased mortality rate challenges remain. Diagnosis and 

monitoring of disease activity, treatment related side-effects and the lack of individualized 

treatment options further contribute to these challenges. To date there are no known reliable 

biomarkers to evaluate disease activity in AAV and studies identifying better diagnostic and 

monitoring tools are needed. Non-invasive tests that reliably reflect disease activity and predict 

relapses would diminish the need for invasive procedures such as kidney biopsies to establish 

a relapse diagnosis. In this thesis, we have identified several potential biomarkers that could 

potentially aid in evaluation of AAV patients. Moreover, there has long been an unmet need of 

personalized treatment in AAV. Further evaluation of potential biomarkers may contribute to 

improvements in adapting individual therapy options for AAV with the long-term goal to 

reduce the risk of organ damage, especially kidney failure. Another important aspect would be 

a better assessment of risk and timely treatment of potential complications, such as identifying 

patients that would benefit from prophylactic anticoagulation due to an increased VTE risk.  

Although our findings suggest that PTX3 might be a potential candidate biomarker in AAV 

much remains unclear. Due to the short-term follow-up in our study its role in detecting relapse 

could not be evaluated and thus the role of PTX3 in detecting flares requires longitudinal 

studies with follow-up of longer duration or prospective randomized trials. Furthermore, to 

clarify any impact of PTX3 in kidney injury investigations of PTX3 mechanistic role in 

vasculitis animal models as well as studies of PTX3 expression in kidney tissue from patients 

from AAV are still needed.  

Similarly, although our findings suggest that urinary TWEAK may be a useful biomarker in 

AAV, the role in predicting relapsing disease remains to be evaluated. It would furthermore be 

informative to investigate the role of urinary TWEAK and its scavenger receptor CD163 in 

AAV. Urinary CD163 had been shown to be a promising novel non-invasive biomarker in 

ANCA-associated GN. Future studies evaluating both urinary TWEAK and CD163 could 

improve our knowledge of the role of TWEAK as a potential biomarker and in the pathogenesis 

of AAV. IHC staining on two kidney tissue samples demonstrated increased expression of 

TWEAK as well as a detectable staining for Fn14 in active AAV patients with crescentic GN. 

Prospective studies including tissue samples from a larger set of patients with a range of 
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histopathological presentations as well as from patients in remission would add to the 

knowledge on TWEAKs role in kidney injury in AAV.  

EVs expressing inflammatory markers and markers of coagulation reflect disease activity and 

EVs expressing H3Cit and TF seem to be associated with augmented thrombin generation. 

However, our studies are relatively small and performed in a cross-sectional manner, thus need 

to be replicated in larger longitudinal studies. Although we found a correlation between NEVs 

expressing TF and H3Cit and parameters of thrombin generation the clinical implications of 

this have not been investigated. Studies of the association between NEVs expressing these 

markers and thromboembolic disease in a longitudinal cohort of AAV patients are needed. 

Moreover, we did not extract specific EVs from the pellet used in the modified CAT assay and 

therefore the EVs can be of various origin. More sophisticated isolation of EVs and 

investigation of the effect on thrombin generation could contribute to our understanding of how 

different EVs contribute to hypercoagulability in active and inactive AAV.  
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