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Vasculitis
Vasculitis is a term used to indicate a spectrum of disorders that present with 
inflammation of the blood vessel walls. This results in a restricted blood flow owing 
to damage and changes of the vessel walls and the tissues perfused by these vessels. 
Vasculitis can present in a single organ, for example the lungs or kidneys, or involve 
multiple organs. It can be divided in multiple categories, first based on the size of 
the blood vessels, into large-, medium- and small-vessel vasculitides [1]. The last of 
these categories contains a group of syndromes characterised by the presence of 
autoantibodies directed against neutrophil constituents, mainly proteinase 3 (PR3) 
and myeloperoxidase (MPO). These are termed anti-neutrophil cytoplasmic antibody 
(ANCA) associated vasculitides (AAV) [2]. AAV can be subdivided in granulomatosis 
with polyangiitis (GPA), microscopic polyangiitis (MPA) and eosinophilic GPA (EGPA) 
[1]. The incidence of AAV increases with age, with a peak-age of onset of 64-75 years 
[3]. AAV has a combined prevalence of 46–184 per million, which has increased over 
the last 20 years and the gender distribution is fairly equal, with a slight predominance 
of male patients [4]. 

Presentation and treatment
AAV patients suffer from nonspecific, systemic inflammation resulting in symptoms 
that include fever and arthralgia as well as organ specific manifestations. Examples 
for the latter are pulmonary haemorrhages caused by alveolar capillaritis or 
glomerulonephritis caused by glomerular capillaritis [5]. Patients with GPA show 
extravascular necrotising granulomatous inflammation and pauci-immune necrotising 
crescentic glomerulonephritis. MPA lacks the typical granulomatous inflammation 
present in GPA and is defined as necrotising vasculitis with few or no immune deposits. 
EGPA differs clinically from GPA and MPA, and is characterised by asthma, eosinophilia 
and granulomatosis [6]. 
Untreated vasculitis has a high mortality rate. However, since the introduction of 
cyclophosphamide and high dose steroid treatment the prognosis has significantly 
improved. AAV can now be considered chronic conditions with periodic relapses. 
However, mortality rates are still substantial, both due to disease manifestations and the 
toxic effects of extensive immunosuppressive treatment [7]. Currently, B cell depletion 
treatment with the anti-CD20 monoclonal antibody rituximab has been approved as 
an alternative induction therapy, as cyclophosphamide is associated with significant 
toxicity. So far, rituximab treatment does not appear to be inferior to cyclophosphamide 
in induction of remission of AAV [8, 9]. 
After the initial therapy to induce remission patients are generally put on a maintenance 
treatment regime, often azathioprine or mycophenolate mofetil sometimes combined 
with low-dose steroids. Methotrexate is another option as a remission-maintenance 
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agent, and this is also used as an alternative to cyclophosphamide in induction therapy 
for patients with local or early systemic disease, albeit less efficient in prevention 
of relapse [10]. However, despite maintenance treatment patients still relapse, often 
during tapering or after discontinuation of medication [7]. 

Relapse risk in AAV
Preventing relapses in AAV is crucial, as each relapse affects the quality of life of the 
patient and can lead to increased organ damage and even death. Considering the burden 
of cumulative toxicity associated with the immunosuppressive treatment, it is important to 
identify which patients are actually at risk for developing a relapse in the near future [11]. 
Numerous studies have attempted to identify which patients are at risk and which factors 
should be closely monitored during remission. Patients with GPA have a substantially 
higher risk for relapse (up to 60% in 5 years) than MPA patients (29%) [12]. PR3-ANCA 
positivity, lung involvement and chronic nasal carriage of Staphylococcus aureus are also 
indicators for an increased risk for relapse [13, 14]. Conversely, patients with poor renal 
function and high creatinine values have a decreased risk for exacerbation [11]. 
One factor that has been thoroughly investigated with regard to monitoring and relapse 
prediction is the serum ANCA titer, although studies on this topic are not in agreement. 
While some studies find a strong association between a rise in ANCA titer [15] or 
persistence of a high ANCA titer [16] and subsequent relapse, others do not [17]. One 
meta-analysis came to the overall conclusion that monitoring the ANCA titer only has an 
modest value for predicting relapse in AAV [18]. As such, it is insufficient to exclusively 
monitor serum ANCA titers in order to guide maintenance treatment regimens. 
More recent studies have investigated risk factors related to relapse post-rituximab 
treatment, mainly aimed at the B cell repopulation. Absence of naive B cell repopulation 
after six months was associated with an increased risk for relapse [19], and a decreased 
proportion of CD5+ B cells with a shorter time to relapse [20].

AAV pathogenesis
While the aetiology of AAV is currently not fully understood, several pathogenic 
mechanisms have been described (Figure 1). Observations have linked the onset of 
AAV to infection, in particular S. aureus. A significantly higher percentage of patients 
with GPA carry this bacterium than healthy individuals [14]. Moreover, antibacterial 
treatment is beneficial in reducing relapse risk in these patients [21]. Antibodies against 
other infections agents were also increased in GPA serum, including hepatitis C and 
Helicobacter pylori [22]. One proposed mechanism for this link is molecular mimicry, 
where autoimmunity is triggered through homology between a human protein and one 
derived from pathogens [23, 24]. Another link between infection and autoimmunity are 
the Toll-like receptors (TLRs), a family of receptors capable of recognising microbial 
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components. Activation through TLRs leads to the production of proinflammatory 
cytokines and upregulation of costimulatory molecules on antigen presenting cells 
(APCs). Dysregulation of this system has been related to onset of autoimmunity [25]. 
In AAV increased expression of TLRs was found on monocytes and natural killer cells, 
and monocytes from patients with nasal carriage of S. aureus had increased levels 
of intracellular TLR9 [26]. Expression of TLR2 and TLR4 was detected in glomeruli of 
AAV patients but not in healthy controls, and expression of TLR4 on the glomeruli was 
associated with renal injury severity [27]. 
Release of proinflammatory cytokines such as TNFα leads to priming of neutrophils, as 
well as upregulation of adhesion molecules on vascular endothelial cells. TLR2 and TLR9 
ligands were shown to prime neutrophils to a similar extent as TNFα [28]. Neutrophil 

Figure 1. Schematic overview of AAV pathogenesis. Neutrophils are pre-activated through infectious 
mediators and/or proinflammatory cytokines. As a result antigens translocate to the cell surface, these 
antigens are processed by antigen presenting cells (APC), followed by presentation to T-helper (Th) cells. 
The Th cells provide help to B cells for production of ANCA. This can be further enhanced by cytokines 
such as interleukin (IL)21. The neutrophils migrate to the vascular endothelium, are fully activated by 
interaction with ANCA and produce reactive oxygen species (ROS). Th cells can differentiate into 
effector memory T cells (Tem) that are attracted to the site of inflammation and can produce cytotoxic 
enzymes there. This results in inflammation and vascular injury. Figure was constructed using Servier 
Medical Art.
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priming results in translocation of PR3 and MPO to the cell surface, increasing their 
accessibility for the circulating ANCA. The primed neutrophils are recruited to the site 
of inflammation and bind to ANCA, upon which they become fully activated and adhere 
to the activated endothelial cells. This leads to production of reactive oxygen species 
and release of proteolytic enzymes resulting in endothelial damage [29]. 
The proinflammatory environment that is created will attract mediators from the 
adaptive immune system. Indeed, in the inflammatory lesions found in AAV, T cells 
can be detected [30]. Moreover, soluble T cell activation markers are increased in 
serum or plasma samples from patients compared to controls, and are associated with 
disease activity [31, 32]. The T-helper (Th) cell polarisation in AAV deviates from the 
healthy situation. Locally, T cells in granulomatous lesions are predominantly of the Th1 
phenotype, and produce interferon (IFN)-γ [33]. Moreover, frequencies of both Th2 
and Th17 cells were increased in GPA patients in remission [34]. 
It has been proposed that Th1, Th2 and perhaps Th17 cells can survive to become 
lineage-committed effector memory T cells (TEM). The TEM cells lack the lymph node 
homing receptor CCR7, instead these cells have increased expression of chemokine 
receptors for migration to inflamed tissues. As such they may be directly recruited to 
sites of inflammation [35]. In GPA patients in remission a relative increase of CD4+ TEM 
was observed in the circulation, while during active disease these cells were decreased. 
Concurrently, CD4+ TEM cell numbers increased in the urine of active vasculitis patients, 
indicating migration to inflammation sites [36, 37]. TEM cells share certain features with 
natural killer cells, including surface marker expression and cytotoxic capacity [38]. 
Specifically targeting the TEM cells could be beneficial in AAV. CD4+ TEM cells are 
characterised by high surface expression of a specific voltage-gated potassium channel 
after activation, the Kv1.3 channel [39]. Selective blockade of these channels has proven 
to be effective in ameliorating autoimmune disease in animal models [40] and could 
be beneficial in AAV.

B cells in AAV
Another cell type crucial in AAV is the B cell, especially considering the likely pathogenic 
role of the autoantibodies present in these patients. However, while traditionally best 
known as antibody producing cells, B cells have multiple functions in the immune response 
(Figure 2). For one, they are effective APCs [41] and studies have shown that antigen 
presentation by resting B cells can induce T cell tolerance in vivo in animal models [42]. 
Moreover they are cytokine producing cells, and as such can be divided into effector and 
regulatory subsets based on which cytokines they produce. Depending on the cytokine 
milieu present when antigen is first encountered, they produce a polarised array of 
cytokines that contribute to the effector phase of the immune response. On the other 
hand, B cells are also capable of producing anti-inflammatory cytokines such as interleukin 
(IL)10 and transforming growth factor (TGF)-β, and thus contribute to tolerance [43].
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In AAV several alterations of the B cell subsets and B cell related markers have been 
identified compared with healthy controls. GPA patients with active disease have higher 
levels of B cell activating factor (BAFF) in their serum than controls [52]. BAFF is a critical 
B cell survival factor and neutralisation of BAFF prevents the persistence of mature B 
cells [53]. However, excessive production of BAFF in mice rescued self-reactive B cells 

Figure 2. The different B cell functions. B cells can, after differentiation into plasma cells, produce a 
variety of immunoglobulins. In autoimmunity these antibodies will include autoantibodies, for example 
PR3-ANCA IgG in GPA patients. B cells can present antigens to T cells, they are especially effective 
at presenting antigens that bind to their surface Igs which are selectively internalised, processed and 
presented to T cells [44].  Moreover, B cells produce an array of cytokines. This includes production 
of the anti-inflammatory cytokines IL10 and TGFβ by regulatory B cells. Regulatory B cells can inhibit 
differentiation of T helper 1 (Th1) cells and activation of macrophages as well as increase numbers of 
regulatory T cells (Tregs) [45, 46]. Moreover, B cells produce numerous proinflammatory cytokines that 
affect the different T cell subsets. For example, TNFα can promote Th1 differentiation [47], IFNγ also 
supports Th1 responses [48], and can promote macrophage activation [49]. B cells can promote Th2 
memory responses through production of IL2 [50] and Th17 cell activation through IL6 production [51]. 
Figure was constructed using Servier Medical Art.
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that would normally be deleted and facilitated migration into otherwise restricted 
microenvironments, leading to a partial subversion of B cell self tolerance [54]. Multiple 
studies have identified changes in the B cell distribution in the periphery of AAV 
patients. These include increased expression of CD38 in patients with active disease 
[55] and increased proportions of CD25+ and CD86+ B cells in remission patients 
under glucocorticoid treatment. CD25+ B cells do not secrete immunoglobulins, 
have increased antigen presenting capacity and have been ascribed with potential 
regulatory capacities [56]. Peripheral B cells from AAV patients show a decreased 
frequency of CD27+ memory B cells, and an increased proportion of naive B cells [57]. A 
number of GPA patients also expressed CTLA-4 (CD152) on the surface of their B cells, 
while this was not observed in controls. CTLA-4 has an essential inhibitory role in the 
regulation of the immune response as CTLA-4‐deficient mice die at a young age from 
the consequences of a massive unchecked proliferation of their T cells [58]. 

Regulatory B cells
The first evidence that B cells could play a regulatory role was obtained from mouse 
model studies. B cell deficient mice were unable to recover from experimental 
autoimmune encephalomyelitis (EAE) [59]. Further analysis of the B cells determined 
that IL10 production by B cells correlated with EAE recovery and that in absence of IL10 
the immune response persisted and mice did not recover [60]. Exacerbated arthritis 
in IL10-depleted mice was accompanied by changes in the T cell compartment, with 
an increase in Th1 and Th17 cells and a decrease of FoxP3+ regulatory T cells (Tregs) 
[61]. Since then, the expression of the anti-inflammatory cytokine IL10 has defined the 
regulatory B cell (Breg) subset. IL10 acts through a transmembrane receptor complex 
composed of IL10R1 and IL10R2, and can regulate the functions of different types of 
immune cells. It inhibits production of inflammatory mediators and antigen presentation 
in monocytes and macrophages, and also inhibits the proliferation and the cytokine 
production of CD4+ T cells [62]. However, IL10 does not solely have a suppressive 
function, it is also a growth factor that promotes the differentiation of B cells into 
plasma cells. Inhibition of IL10 signalling could dramatically decrease the frequencies 
of CD138+CD27high plasmablasts in vitro [63]. This makes the characterisation of the 
regulatory B cell difficult. Unlike with FoxP3 in Tregs, no specific transcription factor has 
been identified that characterises a distinct B cell subset. 
Phenotypical identification of Bregs has proven to be a controversial topic and up to 
date no clear phenotype has been established. As such the production of IL10 remains 
a key trait for this population. Several proposals have been made for identifying B cell 
populations that demonstrate an increased production of IL10 after in vitro stimulation. 
In 2010 two papers were published, each describing a different phenotype for Bregs in 
humans. The first of these showed that B cells with a CD19+CD24highCD38high phenotype 
produced substantially more IL10 than other B cell populations. B cells with this 
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phenotype were capable of inhibiting proinflammatory cytokine production by CD4+ 
T cells [64]. Moreover, CD24highCD38high B cells were able to convert CD4+ T cells into 
FoxP3+ Tregs, a mechanism that was impaired in patients with rheumatoid arthritis [65]. 
The second paper found that there were low frequencies of IL10 competent cells in the 
circulation. With additional experiments they identified a so-called B10pro cell that was 
capable of producing IL10 with sufficient stimulation. Both types of cells were identified 
to be mainly CD19+CD24highCD27+ B cells [66]. While these two phenotypes share the 
high expression of CD24, they are non-overlapping populations. The CD24highCD38high 
cells are immature transitional B cells, while the CD24highCD27+ cells are categorised 
in the memory B cell compartment. 

Aims and outline of this thesis.
One of the main challenges in AAV is the prediction of disease relapse, for which 
currently no biomarkers are available that can be used in daily clinical practice. When 
relapses could be predicted, they could potentially be prevented through timely 
intervention, and non-relapsing patients may be spared intensive immunosuppressive 
therapy. B cells are critical players in the regulation of immune responses, which is 
accomplished through a finely regulated balance between effector and regulatory B 
cell functions and involves multiple B cell populations and antibody-dependent as well 
as antibody-independent properties. It has become apparent that in AAV alterations in 
B cell subset distribution and function are present compared with healthy individuals. 
The aim of this thesis was to determine whether studying the B cell phenotype and 
function can improve relapse prediction in GPA patients. The distribution of different 
B cell subsets, production of PR3-ANCA IgG and pro- and anti-inflammatory cytokines 
were determined in relapsing and non-relapsing GPA patients. Moreover, the potential 
role for regulatory B cells and production of IL10 in GPA and the production of ANCA 
was investigated.
While pathogenicity of ANCA is the currently accepted paradigm, there is evidence 
indicating that not all ANCA are the same and that non-pathogenic ANCA may exist 
as well. In chapter 2 the evidence for and against pathogenicity of ANCA is reviewed. 
Moreover, the possibility of specific pathogenic epitopes is highlighted. ANCA are 
generally measured systemically in serum samples, however, the ANCA titer is not a 
sufficiently discriminative measure to identify AAV patients about to relapse. The ANCA 
titer reflects an accumulation of antibodies over time, while in vitro experiments may 
present a better reflection of the ongoing pathogenic process in the patient. Such an 
in vitro system is described in chapter 3, where endogenous and exogenous factors 
are combined to induce production of PR3-ANCA IgG. In order to determine whether 
this system was more effective at predicting disease relapse in GPA it was subsequently 
applied in a prospective cohort study, described in chapter 4. Next to the serum ANCA 
titer and in vitro ANCA production, the B cell subset distribution was investigated, 
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including two potential phenotypical descriptions of regulatory B cells. Since no clear 

phenotype for Bregs has been established, direct analysis of production of the regulatory 

cytokine IL10 may be more informative with regard to B cell mediated immune 

regulation. Moreover, B cells can also produce effector cytokines, and the balance 

between effector and regulatory cytokines may affect the risk for relapse. Therefore, we 

investigated whether B cell cytokine production differed in GPA and healthy controls, 

and could aid in relapse prediction. This is described in a cohort of relapsing patients, 

non-relapsing patients and healthy controls in chapter 5. IL10 has multiple roles, it can 

function as a regulatory cytokine and as a plasma cell differentiation factor. As such its 

effect on the formation of PR3-ANCA IgG is unclear. In general, the cytokine milieu in 

vitro and in vivo, could affect the formation of PR3-ANCA. To determine this we broadly 

explored cytokine production in relation to PR3-ANCA production in vitro in chapter 6. 

This included the direct effect of adding IL10 to cell cultures to determine its effects on 

ANCA production. Finally, we investigated the effect of the two most used maintenance 

medications on cytokine production, PR3-ANCA production and plasma cell formation 

here. The currently used maintenance therapies are not sufficient to keep AAV patients 

in remission and numerous new treatment strategies are under investigation. In chapter 

7 a potential treatment option and its effect on different B cell functions is described. 

The peptide ShK-186 is capable of blocking specific voltage-gated potassium channels 

that are key in the activation of effector memory T cells. However, these channels are 

also highly expressed on B cells, especially switched memory B cells. Therefore, we 

determined the effect of this peptide on B cell cytokine production, B cell proliferation 

and (PR3-ANCA) IgG production. Finally, in chapter 8 the work presented in this thesis 

is summarised and discussed.

References 
1. Jennette JC, Falk RJ, Bacon PA, Basu N, 

Cid MC, Ferrario F, Flores-Suarez LF, Gross 
WL, Guillevin L, Hagen EC, Hoffman GS, 
Jayne DR, Kallenberg CGM, Lamprecht 
P, Langford CA, Luqmani RA, Mahr AD, 
Matteson EL, Merkel PA, Ozen S, Pusey 
CD, Rasmussen N, Rees AJ, Scott DGI, 
Specks U, Stone JH, Takahashi K, Watts 
RA: 2012 revised International Chapel Hill 
Consensus Conference Nomenclature of 
Vasculitides. Arthritis Rheum 2013, 65:1–11.

2. Kallenberg CGM: Pathogenesis of ANCA-
associated vasculitides. Ann Rheum Dis 
2011, 70 Suppl 1:i59–63.

3. Ntatsaki E, Watts RA, Scott DGI: 
Epidemiology of ANCA-associated 

vasculitis. Rheum Dis Clin North Am 2010, 
36:447–461.

4. Watts RA, Mahr A, Mohammad AJ, Gatenby 
P, Basu N, Flores-Suárez LF: Classification, 
epidemiology and clinical subgrouping 
of antineutrophil cytoplasmic antibody 
(ANCA)-associated vasculitis. Nephrol 
Dial Transplant 2015, 30 Suppl 1:i14–22.

5. Jennette JC, Falk RJ: Pathogenesis of 
antineutrophil cytoplasmic autoantibody-
mediated disease. Nat Rev Rheumatol 
2014, 10:463–473.

6. Sanders JSF, Abdulahad WH, Stegeman 
CA, Kallenberg CGM: Pathogenesis of 
antineutrophil cytoplasmic autoantibody-
associated vasculitis and potential targets 

18



1

In
tr

o
d

u
c

tIo
n

 a
n

d
 a

Im
 o

f th
e th

e
sIs

for biologic treatment. Nephron Clin Pract 
2014, 128:216–223.

7. de Joode AAE, Sanders JSF, Rutgers A, 
Stegeman CA: Maintenance therapy in 
antineutrophil cytoplasmic antibody-
associated vasculitis: who needs what 
and for how long? Nephrol Dial Transplant 
2015, 30(suppl 1):i150–i158.

8. Stone JH, Merkel PA, Spiera R, Seo P, 
Langford CA, Hoffman GS, Kallenberg 
CGM, St Clair EW, Turkiewicz A, Tchao 
NK, Webber L, Ding L, Sejismundo LP, 
Mieras K, Weitzenkamp D, Ikle D, Seyfert-
Margolis V, Mueller M, Brunetta P, Allen 
NB, Fervenza FC, Geetha D, Keogh KA, 
Kissin EY, Monach PA, Peikert T, Stegeman 
C, Ytterberg SR, Specks U: Rituximab 
versus cyclophosphamide for ANCA-
associated vasculitis. N Engl J Med 2010, 
363:221–232.

9. Jones RB, Furuta S, Tervaert JWC, Hauser 
T, Luqmani R, Morgan MD, Peh CA, 
Savage CO, Segelmark M, Tesar V, van 
Paassen P, Walsh M, Westman K, Jayne 
DR, European Vasculitis Society (EUVAS): 
Rituximab versus cyclophosphamide in 
ANCA-associated renal vasculitis: 2-year 
results of a randomised trial. Ann Rheum 
Dis 2015, 74:1178–1182.

10. Geetha D, Kallenberg C, Stone JH, Salama 
AD, Appel GB, Duna G, Brunetta P, Jayne 
D: Current therapy of granulomatosis with 
polyangiitis and microscopic polyangiitis: 
the role of rituximab. J Nephrol 2015, 
28:17–27.

11. Walsh M, Flossmann O, Berden A, 
Westman K, Höglund P, Stegeman C, 
Jayne D, European Vasculitis Study Group: 
Risk factors for relapse of antineutrophil 
c y toplasmic antibody-assoc ia ted 
vasculitis. Arthritis Rheum 2012, 64:542–
548.

12. Luqmani R: Maintenance of clinical 
remission in ANCA-associated vasculitis. 
Nat Rev Rheumatol 2013, 9:127–132.

13. Pagnoux C, Hogan SL, Chin H, Jennette JC, 
Falk RJ, Guillevin L, Nachman PH: Predictors 
of treatment resistance and relapse in 
antineutrophil cytoplasmic antibody-

associated small -vessel vasculitis: 
comparison of two independent cohorts. 
Arthritis Rheum 2008, 58:2908–2918.

14. Stegeman CA, Tervaert JW, Sluiter WJ, 
Manson WL, de Jong PE, Kallenberg CG: 
Association of chronic nasal carriage 
of Staphylococcus aureus and higher 
relapse rates in Wegener granulomatosis. 
Ann Intern Med 1994, 120:12–17.

15. Boomsma MM, Stegeman CA, van der 
Leij MJ, Oost W, Hermans J, Kallenberg 
CG, Limburg PC, Tervaert JW: Prediction 
of relapses in Wegener’s granulomatosis 
by measurement of antineutrophil 
c y toplasmic ant ibody leve ls:  a 
prospective study. Arthritis Rheum 2000, 
43:2025–2033.

16. Kyndt X, Reumaux D, Bridoux F, Tribout B, 
Bataille P, Hachulla E, Hatron PY, Duthilleul 
P, Vanhille P: Serial measurements 
o f  a n t i n e u t ro p h i l  c y to p l a s m ic 
autoantibodies in patients with systemic 
vasculitis. Am J Med 1999, 106:527–533.

17. Finkielman JD, Merkel PA, Schroeder D, 
Hoffman GS, Spiera R, St Clair EW, Davis 
JC Jr, McCune WJ, Lears AK, Ytterberg SR, 
Hummel AM, Viss MA, Peikert T, Stone JH, 
Specks U: Antiproteinase 3 antineutrophil 
cytoplasmic antibodies and disease 
activity in Wegener granulomatosis. Ann 
Intern Med 2007, 147:611–619.

18. Tomasson G, Grayson PC, Mahr AD, 
Lavalley M, Merkel PA: Value of ANCA 
measurements during remission to 
predict a relapse of ANCA-associated 
vasculitis--a meta-analysis. Rheumatology 
(Oxford) 2012, 51:100–109.

19. Md Yusof MY, Vital EM, Das S, Dass S, 
Arumugakani G, Savic S, Rawstron AC, 
Emery P: Repeat cycles of rituximab on 
clinical relapse in ANCA-associated 
vasculitis: identifying B cell biomarkers for 
relapse to guide retreatment decisions. 
Ann Rheum Dis 2015, 74:1734–1738.

20. Bunch DO, Mendoza CE, Aybar LT, Kotzen 
ES, Colby KR, Hu Y, Hogan SL, Poulton 
CJ, Schmitz JL, Falk RJ, Nachman PH, 
Pendergraft WF, McGregor JG: Gleaning 
relapse risk from B cell phenotype: 

19



1

In
tr

o
d

u
c

tIo
n

 a
n

d
 a

Im
 o

f th
e th

e
sIs

decreased CD5+ B cells portend a shorter 
time to relapse after B cell depletion in 
patients with ANCA-associated vasculitis. 
Ann Rheum Dis 2015, 74:1784–1786.

21. Zycinska K, Wardyn KA, Zielonka TM, 
Krupa R, Lukas W: Co-trimoxazole and 
prevention of relapses of PR3-ANCA 
positive vasculitis with pulmonary 
involvement. Eur J Med Res 2009, 14 Suppl 
4:265–267.

22. Lidar M, Lipschitz N, Langevitz P, Barzilai 
O, Ram M, Porat-Katz B-S, Pagnoux C, 
Guilpain P, Sinico RA, Radice A, Bizzaro 
N, Damoiseaux J, Tervaert JWC, Martin 
J, Guillevin L, Bombardieri S, Shoenfeld Y: 
Infectious serologies and autoantibodies 
in Wegener’s granulomatosis and other 
vasculitides: novel associations disclosed 
using the Rad BioPlex 2200. Ann N Y Acad 
Sci 2009, 1173:649–657.

23. Blank M, Barzilai O, Shoenfeld Y: Molecular 
mimicry and auto-immunity. Clin Rev 
Allergy Immunol 2007, 32:111–118.

24. Pendergraft WF, Preston GA, Shah RR, 
Tropsha A, Carter CW, Jennette JC, Falk 
RJ: Autoimmunity is triggered by cPR-
3(105-201), a protein complementary to 
human autoantigen proteinase-3. Nat 
Med 2004, 10:72–79.

25. Li M, Zhou Y, Feng G, Su SB: The critical role 
of Toll-like receptor signaling pathways 
in the induction and progression of 
autoimmune diseases. Curr Mol Med 
2009, 9:365–374.

26. Tadema H, Abdulahad WH, Stegeman CA, 
Kallenberg CGM, Heeringa P: Increased 
expression of Toll-like receptors by 
monocytes and natural killer cells in 
ANCA-associated vasculitis. PLoS ONE 
2011, 6:e24315.

27. Wang H, Gou S-J, Zhao M-H, Chen M: 
The expression of Toll-like receptors 2, 
4 and 9 in kidneys of patients with anti-
neutrophil cytoplasmic antibody (ANCA)-
associated vasculitis. Clin Exp Immunol 
2014, 177:603–610.

28. Holle JU, Windmöller M, Lange C, 
Gross WL, Herlyn K, Csernok E: Toll-like 

receptor TLR2 and TLR9 ligation triggers 
neutrophil activation in granulomatosis 
with polyangiitis. Rheumatology (Oxford) 
2013, 52:1183–1189.

29. Ka l lenberg CGM: Advances in 
pathogenesis and treatment of ANCA-
associated vasculitis. Discov Med 2014, 
18:195–201.

30. Weidner S, Carl M, Riess R, Rupprecht HD: 
Histologic analysis of renal leukocyte 
infiltration in antineutrophil cytoplasmic 
a n t i b o d y - a s s o c i a te d  v a s c u l i t i s : 
importance of monocyte and neutrophil 
infiltration in tissue damage. Arthritis 
Rheum 2004, 50:3651–3657.

31. Sanders J-SF, Huitma MG, Kallenberg CGM, 
Stegeman CA: Plasma levels of soluble 
interleukin 2 receptor, soluble CD30, 
interleukin 10 and B cell activator of the 
tumour necrosis factor family during follow-
up in vasculitis associated with proteinase 
3-antineutrophil cytoplasmic antibodies: 
associations with disease activity and 
relapse. Ann Rheum Dis 2006, 65:1484–1489.

32. Stegeman CA, Tervaert JW, Huitema 
MG, Kallenberg CG: Serum markers of T 
cell activation in relapses of Wegener’s 
granulomatosis. Clin Exp Immunol 1993, 
91:415–420.

33. Csernok E, Trabandt A, Müller A, Wang 
GC, Moosig F, Paulsen J, Schnabel A, 
Gross WL: Cytokine profiles in Wegener’s 
granulomatosis: predominance of type 1 
(Th1) in the granulomatous inflammation. 
Arthritis Rheum 1999, 42:742–750.

34. Abdulahad WH, Stegeman CA, Limburg 
PC, Kallenberg CGM: Skewed distribution 
of Th17 lymphocytes in patients with 
Wegener’s granulomatosis in remission. 
Arthritis Rheum 2008, 58:2196–2205.

35. Pepper M, Jenkins MK: Origins of CD4(+) 
effector and central memory T cells. Nat 
Immunol 2011, 12:467–471.

36. Abdulahad WH, van der Geld YM, 
Stegeman CA, Kallenberg CGM: Persistent 
expansion of CD4+ effector memory T 
cells in Wegener’s granulomatosis. Kidney 
Int 2006, 70:938–947.

20



1

In
tr

o
d

u
c

tIo
n

 a
n

d
 a

Im
 o

f th
e th

e
sIs

37. Abdulahad WH, Kallenberg CGM, Limburg 
PC, Stegeman CA: Urinary CD4+ effector 
memory T cells reflect renal disease 
activity in antineutrophil cytoplasmic 
antibody-associated vasculitis. Arthritis 
Rheum 2009, 60:2830–2838.

38. Lintermans LL, Stegeman CA, Heeringa 
P, Abdulahad WH: T cells in vascular 
inflammatory diseases. Front Immunol 
2014, 5:504.

39. Wulff H, Calabresi PA, Allie R, Yun S, 
Pennington M, Beeton C, Chandy KG: 
The voltage-gated Kv1.3 K(+) channel in 
effector memory T cells as new target for 
MS. J Clin Invest 2003, 111:1703–1713.

40. Beeton C, Wulff H, Standifer NE, Azam 
P, Mullen KM, Pennington MW, Kolski-
Andreaco A, Wei E, Grino A, Counts DR, 
Wang PH, LeeHealey CJ, S Andrews B, 
Sankaranarayanan A, Homerick D, Roeck 
WW, Tehranzadeh J, Stanhope KL, Zimin 
P, Havel PJ, Griffey S, Knaus H-G, Nepom 
GT, Gutman GA, Calabresi PA, Chandy KG: 
Kv1.3 channels are a therapeutic target for 
T cell-mediated autoimmune diseases. Proc 
Natl Acad Sci USA 2006, 103:17414–17419.

41. Rodríguez-Pinto D: B cells as antigen 
presenting cells. Cellular Immunology 
2005, 238:67–75.

42. Tsitoura DC, Yeung VP, DeKruyff RH, Umetsu 
DT: Critical role of B cells in the development 
of T cell tolerance to aeroallergens. Int 
Immunol 2002, 14:659–667.

43. Mauri C, Bosma A: Immune Regulatory 
Function of B Cells. Annu Rev Immunol. 
2012, 30:221-41

44. Meinl E, Krumbholz M, Hohlfeld R: B 
lineage cells in the inflammatory central 
nervous system environment: migration, 
maintenance, local antibody production, 
and therapeutic modulation. Ann Neurol 
2006, 59:880–892.

45. Mauri C: Regulation of immunity and 
autoimmunity by B cells. Curr Opin 
Immunol 2010, 22:761–767.

46. Lee KM, Stott RT, Zhao G, Soohoo J, Xiong 
W, Lian MM, Fitzgerald L, Shi S, Akrawi E, 
Lei J, Deng S, Yeh H, Markmann JF, Kim 

JI: TGF-β-producing regulatory B cells 
induce regulatory T cells and promote 
transplantation tolerance. Eur J Immunol 
2014, 44:1728-36.

47. Menard LC, Minns LA, Darche S, Mielcarz 
DW, Foureau DM, Roos D, Dzierszinski F, 
Kasper LH, Buzoni-Gatel D: B cells amplify 
IFN-gamma production by T cells via 
a TNF-alpha-mediated mechanism. J 
Immunol 2007, 179:4857–4866.

48. Barr TA, Brown S, Mastroeni P, Gray D: 
TLR and B cell receptor signals to B 
cells differentially program primary and 
memory Th1 responses to Salmonella 
enterica. J Immunol 2010, 185:2783–2789.

49. Bao Y, Liu X, Han C, Xu S, Xie B, Zhang Q, 
Gu Y, Hou J, Qian L, Qian C, Han H, Cao X: 
Identification of IFN-γ-producing innate 
B cells. Cell Res 2014, 24:161–176.

50. Wojciechowski W, Harris DP, Sprague F, 
Mousseau B, Makris M, Kusser K, Honjo 
T, Mohrs K, Mohrs M, Randall T, Lund 
FE: Cytokine-producing effector B cells 
regulate type 2 immunity to H. polygyrus. 
Immunity 2009, 30:421–433.

51. Barr TA, Shen P, Brown S, Lampropoulou 
V, Roch T, Lawrie S, Fan B, O’Connor RA, 
Anderton SM, Bar-Or A, Fillatreau S, Gray 
D: B cell depletion therapy ameliorates 
autoimmune disease through ablation of 
IL-6-producing B cells. J Exp Med 2012, 
209:1001–1010.

52. Krumbholz M, Specks U, Wick M, Kalled 
SL, Jenne D, Meinl E: BAFF is elevated 
in serum of patients with Wegener’s 
granulomatosis. J Autoimmun 2005, 
25:298–302.

53. Fair fax KA, Tsantikos E, Figgett WA, 
Vincent FB, Quah PS, LePage M, Hibbs 
ML, Mackay F: BAFF-driven autoimmunity 
requires CD19 expression. J Autoimmun 
2015, 62:1-10.

54. Thien M, Phan TG, Gardam S, Amesbury 
M, Basten A, Mackay F, Brink R: Excess 
BAFF rescues self-reactive B cells from 
peripheral deletion and allows them to 
enter forbidden follicular and marginal 
zone niches. Immunity 2004, 20:785–798.

21



1

In
tr

o
d

u
c

tIo
n

 a
n

d
 a

Im
 o

f th
e th

e
sIs

55. Popa ER, Stegeman CA, Bos NA, 
Kallenberg CG, Tervaert JW: Differential 
B- and T-cell activation in Wegener’s 
granulomatosis. J Allergy Clin Immunol 
1999, 103(5 Pt 1):885–894.

56. Eriksson P, Sandell C, Backteman 
K, Ernerudh J: B cell abnormalities 
in Wegener’s granulomatosis and 
microscopic polyangiitis: role of CD25+-
expressing B cells. J Rheumatol 2010, 
37:2086–2095.

57. Lepse N, Abdulahad WH, Rutgers A, 
Kallenberg CGM, Stegeman CA, Heeringa 
P: Altered B cell balance, but unaffected B 
cell capacity to limit monocyte activation 
in anti-neutrophil cytoplasmic antibody-
associated vasculitis in remission. 
Rheumatology (Oxford) 2014, 53:1683–
1692.

58. Steiner K, Moosig F, Csernok E, Selleng 
K, Gross WL, Fleischer B, Bröker BM: 
Increased expression of CTLA-4 (CD152) 
by T and B lymphocytes in Wegener’s 
granulomatosis. Clin Exp Immunol 2001, 
126:143–150.

59. Wolf SD, Dittel BN, Hardardottir F, Janeway 
CA Jr: Experimental autoimmune 
encephalomyelitis induction in genetically 
B cell-deficient mice. J Exp Med 1996, 
184:2271–2278.

60. Fillatreau S, Sweenie CH, McGeachy MJ, 
Gray D, Anderton SM: B cells regulate 
autoimmunity by provision of IL-10. Nat 
Immunol 2002, 3:944–950.

61. Carter NA, Rosser EC, Mauri C: IL-10 
produced by B cells is crucial for the 
suppression of Th17/ Th1 responses, 
induction of Tr1 cells and reduction 
of collagen-induced arthritis. Arthritis 
Research & Therapy 2012, 14:R32.

62. Sabat R, Grütz G, Warszawska K, Kirsch 
S, Witte E, Wolk K, Geginat J: Biology of 
interleukin-10. Cytokine Growth Factor 
Rev 2010, 21:331–344.

63. Heine G, Drozdenko G, Grün JR, Chang 
H-D, Radbruch A, Worm M: Autocrine IL-
10 promotes human B-cell differentiation 
into IgM- or IgG-secreting plasmablasts. 
Eur J Immunol 2014, 44:1615–1621.

64. Blair PA, Noreña LY, Flores-Borja F, Rawlings 
DJ, Isenberg DA, Ehrenstein MR, Mauri C: 
CD19(+)CD24(hi)CD38(hi) B cells exhibit 
regulatory capacity in healthy individuals 
but are functionally impaired in systemic 
Lupus Erythematosus patients. Immunity 
2010, 32:129–140.

65. Flores-Borja F, Bosma A, Ng D, Reddy 
V, Ehrenstein MR, Isenberg DA, Mauri C: 
CD19+CD24hiCD38hi B Cells Maintain 
Regulatory T Cells While Limiting TH1 
and TH17 Differentiation. Sci Transl Med 
2013, 5:173ra23.

66. Iwata Y, Matsushita T, Horikawa M, Dilillo 
DJ, Yanaba K, Venturi GM, Szabolcs PM, 
Bernstein SH, Magro CM, Williams AD, Hall 
RP, St Clair EW, Tedder TF: Characterization 
of a rare IL-10-competent B-cell subset in 
humans that parallels mouse regulatory 
B10 cells. Blood 2011, 117:530–541.

22







ANCA pathogenicity revisited: 
pathogenic versus non-pathogenic ANCA

Judith Land, Abraham Rutgers, Cees G.M. Kallenberg 

Department of Rheumatology and Clinical Immunology, University of Groningen, University 
Medical Center Groningen, the Netherlands.

Nephrology, Dialysis and Transplantation 2014, 29(4):739–45

chapter 2



2

Pa
th

o
g

en
ic

 v
s n

o
n

-Pa
th

o
g

en
ic

 a
n

c
a

Abstract
Anti-neutrophil cytoplasmic antibody (ANCA)-associated vasculitis (AAV) is strongly 
associated with autoantibodies against myeloperoxidase (MPO) and proteinase 3 (PR3). 
No clear consensus has been reached on the pathogenicity of these autoantibodies. 
Animal models for MPO-ANCA, in vitro data suggesting pathogenicity of ANCA, and 
one case of a neonate showing symptoms of vasculitis after transplacental transfer of 
MPO, argue in favour of a pathogenic role for ANCA. On the other hand, the presence of 
natural MPO and PR3 autoantibodies in healthy individuals, lack of a strong correlation 
between ANCA titers and disease activity, and the occurrence of ANCA-negative AAV 
patients argue against pathogenicity of ANCA. Recent papers have drawn attention 
to the possibility of epitope specificity defining ANCA pathogenicity. Certain MPO 
epitopes were found to be specific for active disease, and others remained present 
during remission or were also present in healthy individuals. One linear epitope, aa447-
459, was not only exclusive for active disease, but also detected in the total Ig fraction 
of ANCA-negative patients, reactivity being masked in serum by ceruloplasmin. So, 
not all ANCA seems to be equal, some could be pathogenic while others are not. For 
development of an autoimmune response, a specific ANCA repertoire is required, 
which may occur through intra-molecular epitope spreading in patients.
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Introduction
Anti-neutrophil cytoplasmic antibody (ANCA)-associated vasculitis (AAV) is a primary 
systemic small-vessel vasculitis. The three main diseases that fall under its definition 
are granulomatosis with polyangiitis (GPA, formerly Wegener’s granulomatosis), 
microscopic polyangiitis (MPA) and eosinophilic granulomatosis with polyangiitis 
(EGPA, formerly Churg-Strauss syndrome). The autoantibodies that are characteristic 
for these diseases are mainly directed against the antigens myeloperoxidase (MPO) 
and proteinase 3 (PR3) [1]. ANCA were first described in 1982 [2] and have proven 
invaluable for the diagnosis of AAV. Generally, GPA is mostly associated with 
PR3-ANCA and MPA with MPO-ANCA and, for both diseases, a small subgroup 
of patients is ANCA-negative [3]. A recent genome-wide association study has 
shown that PR3-ANCA versus MPO-ANCA positive AAV patients display distinct 
genetic associations, even more than their associated diseases, GPA and MPA, 
respectively [4]. PR3-ANCA and MPO-ANCA disease are also characterised by 
clinical and histopathological differences. Renal-limited disease occurs mainly in 
MPO-ANCA patients, while PR3-ANCA is strongly associated with upper and lower 
respiratory tract granulomatous inflammation whether or not in combination with 
renal disease. Furthermore, PR3-ANCA patients show more widespread extra-renal 
organ involvement compared to MPO-ANCA patients [5]. These differences have 
led to proposals to categorise AAV based on autoantibody specificity rather than 
on disease phenotype. Recently, it was suggested that a prefix should be added to 
the diagnosis of GPA or MPA to specify ANCA reactivity, indicating the importance 
of ANCA specificity in AAV [6]. Aside from anti-PR3 and anti-MPO-ANCA, a small 
number of patients are positive for anti-human neutrophil elastase ANCA. Its 
occurrence is particularly related to the use of cocaine contaminated with levamizole 
inducing midline destructive lesions [7]. Recently, another possible autoantigen has 
entered the scene in AAV. The presence of lysosomal membrane protein 2 (LAMP-2) 
autoantibodies was described in almost all patients with pauci-immune necrotising 
glomerulonephritis and their prevalence was higher than that of ANCA [8]. In addition, 
these autoantibodies were suggested to be pathogenic and induced by molecular 
mimicry with bacterial antigens [8]. While in a European cohort a high prevalence of 
anti-LAMP-2 was described [9], a US cohort showed a far lower frequency of anti-
LAMP-2 autoantibodies, and its occurrence was not specific for patients with AAV [10]. 
Before a conclusion can be drawn on the clinical significance of LAMP-2 antibodies 
these two studies have to be reconciled. Several differences between the two studies 
could help explain the discordance. Kain et al. [9] have reported that the highest anti-
LAMP-2 titers are found in patients that are newly diagnosed and untreated, with the 
difference in frequency of anti-LAMP-2 antibodies being significant between treated 
and untreated patients [9]. Roth et al. [10] included only a restricted number of newly 
diagnosed, untreated patients. The antigen substrates used in both studies were 
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not identical, which could affect assay performance. Standardisation of methods to 
detect LAMP-2 antibodies is required in order to compare data from different groups. 
Thus, at the moment the clinical significance of LAMP-2 autoantibodies, in contrast to 
PR3-ANCA and MPO-ANCA, has not yet been established. However, the pathogenic 
role of MPO and PR3 autoantibodies in AAV is also not fully understood. In this review, 
we will discuss the evidence for and against the pathogenicity of ANCA, including 
the most recent findings on epitope specificity.

Proof for pathogenicity of ANCA
Evidence for the pathogenicity of ANCA is derived from animal models, in vitro 
experiments and clinical observations. For MPO-ANCA disease, several animal 
models have been developed. In 2002, a model was described using immunisation 
with mouse-MPO in MPO-knockout mice, followed by transfer of their splenocytes or 
anti-MPO containing IgG-fraction into wild-type mice. This resulted in severe vasculitic 
disease after splenocyte transfer in kidneys and lungs, but also the transfer of anti-MPO 
containing IgG induced urinary abnormalities, early glomerular neutrophil accumulation 
and focal necrotising crescentic glomerulonephritis [11]. Another model was based on 
the induction of an immune response to human MPO in rats cross-reacting with rat 
MPO, resulting in pauci-immune crescentic glomerulonephritis and lung haemorrhage 
[12]. The develoment of a model for PR3-ANCA disease has not been as successful, 
although promising models are being developed. Transfer of PR3 antibodies generated 
in PR3-deficient mice into lipopolysaccharide-primed mice did not cause significant 
renal or pulmonary pathology [13]. Immunisation of rodents with either human 
or murine PR3 resulted in induction of PR3-antibodies, but not in development of 
disease [14]. Splenocyte transfer from autoimmunity-prone non-obese diabetic (NOD) 
mice immunised with murine PR3 to NOD–severe combined immunodeficiency mice 
resulted in the development of vasculitis and severe glomerulonephritis, but not in 
granuloma formation [15]. More recently, a humanised model was proposed in which 
mice received human haematopoietic stem cells, which resulted in a human-mouse 
chimeric immune system. After passive transfer of PR3-ANCA, the mice developed mild 
glomerulonephritis and lung haemorrhage but no granuloma formation [16]. The animal 
models for MPO-ANCA indicate that the autoantibodies are pathogenic in rodents 
in producing an MPA-like syndrome. Current animal models do, however, not proof 
that PR3-ANCA are pathogenic in terms of producing a GPA-like syndrome including 
granulomatous inflammation. 
In vitro data also points towards a pathogenic role for ANCA. ANCA were found capable 
of activating primed neutrophils in vitro. Interaction of ANCA with primed neutrophils 
resulted in neutrophil degranulation and their production of reactive oxygen species 
(ROS) [17]. It was further shown that activation of neutrophils by ANCA at the vascular 
wall resulted in endothelial cell injury [18], and ANCA promote stable adhesion and 
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subsequent migration of neutrophils into the endothelium [19]. More recently, activation 
of neutrophils by ANCA was shown to result in the formation of neutrophil extracellular 
traps (NETs) [20]. Neutrophils were primed with tumour necrosis factor (TNF)α and 
subsequently incubated with purified IgG from healthy controls or AAV patients. Robust 
NET formation was observed only with patient IgG. On the NETs, the autoantigens PR3 
and MPO were detected, indicating that netosis is one of the ways PR3 and MPO are 
presented to the immune system. These ANCA-induced NETs can activate dendritic 
cells and autoreactive B cells in a Toll-like receptor 9–dependent manner [20]. These 
in vitro effects of ANCA on neutrophils are dependent on priming of the neutrophils, 
usually with TNFα. This suggests anti-TNFα therapy may be effective in AAV patients; 
however, a randomised, placebo-controlled trial using etanercept did not find any 
beneficial effect of this drug in AAV patients regarding induction of remission [21]. So, 
substantial in vitro experimental data underscore different pathogenic roles of ANCA 
in AAV.
Clinical proof for the pathogenicity of ANCA in humans is limited. An often referred single 
case report describes a neonate born to a mother with a history of MPA. MPO-ANCA 
were observed at birth in the neonate, followed by pulmonary haemorrhage and renal 
involvement [22]. This implies that transplacental transfer of MPO-ANCA was directly 
responsible for the clinical symptoms. However, no similar cases have been reported 
since and another neonate was perfectly healthy despite transplacental transfer of 
high levels of MPO-ANCA [23]. Further indirect clinical proof is the efficacy of plasma 
exchange, this treatment increases the rate of renal recovery in severe ANCA-associated 
systemic vasculitis compared with intravenous methylprednisolone [24]. 
A clear relationship between ANCA titers and disease activity is not consistently 
found. While certain studies indicate that a rise in ANCA titer can be predictive of an 
ensuing relapse [25], others fail to confirm these observations. In a study on 156 GPA 
patients, PR3-ANCA titers were only weakly associated with disease activity, decreases 
in PR3-ANCA were not related to a shorter time to remission and increasing PR3-ANCA 
titers were not associated with relapse in the following year [26]. A recent meta-
analysis on this topic concluded that a rise in ANCA during remission is only modestly 
predictive of future relapse [27]. So, although in vitro and in vivo experimental data are 
strongly suggestive for a pathogenic role of ANCA in the AAV, clinical observations 
are insufficient to proof the pathogenicity of ANCA.

ANCA pathogenicity questioned
One discovery that questions the pathogenicity of ANCA is the presence of natural 
autoantibodies (NAAs) directed against PR3 and MPO as described in healthy individuals. 
Antibodies were purified from isolated IgG from 20 healthy controls by antigen-specific 
affinity columns, showing titers of natural MPO- and PR3 autoantibodies, albeit at 
significantly lower levels than those from patients with vasculitis. All individuals also 
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had anti-glomerular basement membrane NAAs, which are also found in ~10% of 
AAV patients [28]. The MPO-NAA were characterised further and compared with 
MPO-ANCA from AAV patients. MPO-NAA recognised conformational epitopes in the 
heavy chain of MPO, similar to MPO-ANCA. The median titer for MPO-NAA was 1 : 40 
compared to 1 : 4800 for MPO-ANCA in AAV patients, and the avidity of the NAA was 
significantly lower. Finally, an IgG subclass analysis was performed, showing that NAA 
are mainly restricted to the IgG1-subclass and lack the presence of IgG3 [29]. ANCA 
in AAV have been found in all four IgG subclasses, of which IgG3-ANCA were initially 
thought to be most pathogenic and increased during active disease compared with 
remission [30]. However, rises in IgG3-ANCA were not predictive of relapse [25, 31]. In 
vitro, MPO-ANCA-positive IgG rich in IgG3 induced a higher level of respiratory burst 
of neutrophils than MPO-ANCA-positive IgG poor in IgG3 [32], and IgG3-ANCA were 
capable of capturing rolling neutrophils far more than any other subclass, converting 
neutrophils to a static adhesive state [33]. The latter study reported that super oxide 
production was induced similarly by both IgG1 -and IgG3-ANCA [33], suggesting that 
IgG1-ANCA in healthy controls are certainly not intrinsically harmless. 
Secondly, a subset of patients test negative for both MPO- and PR3-ANCA despite 
fulfilling criteria for AAV [34, 35]. Comparing ANCA-negative pauci-immune renal 
vasculitis patients with MPO- or PR3-ANCA positive patients, no differences in active 
renal lesions were observed, while severe interstitial fibrosis and glomerulosclerosis 
were more prominent in ANCA-negative and MPO-ANCA patients compared with 
PR3-ANCA patients. Overall mortality rates were not different between ANCA-positive 
and ANCA-negative patients [35]. Interestingly, rituximab was still effective in ANCA-
negative patients, indicating that other functions of B cells than ANCA production 
might play a role in the pathogenesis of AAV [36]. Thirdly, as mentioned earlier, the 
relation between ANCA titers and disease activity is not very strong. So, while ANCA 
pathogenicity is a currently accepted paradigm, clinical evidence is certainly not 
complete (reviewed in [37]). One explanation for the discrepancies between clinical and 
experimental data may be based on the concept that epitope specificity determines 
pathogenicity of ANCA. 

Epitope specificity determines pathogenicity
Epitope mapping of MPO and PR3 has been performed extensively over the years 
(Figure 1A-B). For PR3, a number of different studies have attempted to map its 
epitopes [38–40]. The most recent PR3 epitope study used overlapping octapeptides 
and identified seven common antigenic regions, three of which were in direct 
proximity to amino acids that form the catalytic triad of the protein [41]. The results 
are not completely consistent between studies, likely due to different methods and 
patient groups.
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For MPO, similar studies have been done. Early on, it was established that MPO-ANCA 
do not target a single epitope, but rather a small number of MPO regions, primarily 
in the carboxy-terminus of the heavy chain [42]. Using overlapping decapeptides to 
represent the MPO protein, 12 patient samples and matched controls were tested 
for reactivity. Seven major epitopes were identified to which at least 33% of patients 
exhibited reactivity. Although patients shared these epitopes, the response was highly 
variable. Six of the identified reactive epitopes were found on the heavy chain of the 
mature MPO protein structure, and the remaining epitope was located within the pro-
peptide region of the protein [43]. 

Figure 1. (A) Three-dimensional (3D) crystal structure of PR3 (pdb 1FUJ) with highlighted epitopes. 
Epitopes identified in a single study are coloured blue [38], orange [39], purple [40] or green [41]. PR3 
epitopes found in multiple studies are highlighted in red. (B) 3D crystal structure of MPO (pdb 3F9P) 
with highlighted epitopes. Epitopes identified in a single study are coloured blue [43] or green [44], 
whereas epitopes identified in both studies are highlighted in red. (C) 3D crystal structure of MPO 
(pdb 3F9P). Focused on the Roth et al. epitopes that were either specific for disease or also present 
in healthy controls [44]. Epitopes specific for ANCA disease (red, with aa447-459 highlighted in blue) are 
spatially close to or next to natural epitopes (green). For construction of the image, Swiss-pdbViewer 
was utilised [46].
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A recent paper by Roth et al. [44] examined MPO epitope specificity using a high 
sensitivity epitope excision and mass spectrometry approach. They investigated 
patients in remission, patients with active disease, ANCA-negative patients, and healthy 
controls, and identified a total of 25 different epitopes, 12 of which were exclusive to 
active disease and 8 were also present in healthy subjects (termed natural epitopes). The 
majority of these identified epitopes, 20 of 25, were confirmed to be conformational. 
One linear epitope (aa447-459) was exclusive to active disease, and reactivity to this 
specific epitope declined with remission. Total Ig fractions from serum samples of 
ANCA-negative patients, confirmed to be negative as tested by multiple laboratories, 
were tested for reactivity against these different peptides. Reactivity was observed 
against a single peptide that corresponded to the MPO peptide aa447-459, identified 
earlier as an epitope specific for active disease. This discrepancy between serum and 
total Ig was explained by masking of the epitope by a fragment of ceruloplasmin, an 
MPO inhibiting serum protein. Functionally, anti-MPO aa447-459 antibodies could 
induce the release of ROS from neutrophils, whereas antibodies specific for natural 
epitopes barely induced ROS release. The epitope is conserved between humans and 
mice, and following IgG transfer from mice immunised with a murine MPO peptide 
that overlaps with peptide aa447-459, mice developed glomerular injury and neutrophil 
accumulation. These results emphasise the pathogenic capacity of MPO aa447-459 
autoantibodies. This study concludes that epitope specificity defines pathogenicity 
of ANCA and explains the existence of NAA in healthy individuals. Moreover, it states 
that ANCA-negative patients may be ANCA-positive patients responding to masked 
or currently unidentified epitopes [44]. 
Another study has also examined the connection between epitope specificity and 
disease activity. Gou et al. [45] studied the association between linear epitopes of 
MPO-ANCA and clinicopathological features of 77 AAV patients. Six linear peptides 
were constructed, all of which were recognised by at least one patient and reactivity 
was observed throughout the MPO molecule. During disease remission, the number 
of fragments recognised was significantly lower than at initial onset. Interestingly, 
50% of patients recognised the aa399-519 region at initial disease onset but during 
remission all reactivity to aa399-519 turned negative, confirming that certain epitopes 
are recognised specifically during active disease. This region also encompasses the 
aa447-459 epitope; however, as the region is much more extensive these results cannot 
be ascribed to the aa447-459 epitope.  While earlier studies showed only reactivity 
to the heavy chain, reactivity to the light chain of MPO was also observed. Patients 
exhibiting light chain reactivity had more severe disease and reactivity to a higher 
number of other MPO fragments compared with those without light chain reactivity. 
The light chain is less accessible for antibody binding, indicating that in these patients 
intra-molecular epitope spreading is more extensive [45].
So, it seems that not all ANCA are pathogenic, but only those against certain epitopes. 
Spatially, the epitopes specific to ANCA disease were found in close proximity to 
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the epitopes on the MPO molecule recognised by natural antibodies [44](Figure 1C), 
suggesting the possibility that reaction first develops against natural epitopes of 
the molecule and subsequently spreads to pathogenic epitopes. The possibility that 
development of pathogenic ANCA is due to dysregulation of natural ANCA rather than 
a newly developed autoimmune capability is intriguing. While the mechanisms behind 
this are unknown, it could be due to dysregulation of immune regulatory mechanisms 
in patients with AAV.

Regulation of the ANCA-related immune response
Regarding the regulation of the immune response in AAV patients, many studies focus 
on the role of regulatory T and B cells (Treg, Breg). Treg cells are CD4+ cells expressing 
the interleukin (IL)2 receptor α-chain (CD25) and high levels of the transcription factor 
forkhead box P3 (FoxP3). They are indispensable for maintenance of immune self-
tolerance by suppressing aberrant or excessive immune responses harmful to the 
host [47]. The percentage of FoxP3+CD25high CD4+ cells with a memory phenotype 
was increased in AAV patients, and their suppressive capacity was diminished [48]. 
This defective suppressive capacity was associated with increased usage of an exon 
2-deficient splice variant of FoxP3 in AAV compared with healthy controls [49]. 
Currently, also Breg cells are under investigation in patients with AAV. Studies in 
mice models have demonstrated that B cell deficiency can lead to exacerbation of 
autoimmune diseases. T cell receptor knockout mice, which spontaneously develop 
colitis, showed a more severe and earlier developing course of disease when they 
were B cell deficient [50], leading to the conclusion that B cells can play a suppressive 
role, a capacity which was later linked to the production of IL10. Recovery of induced 
experimental autoimmune encephalomyelitis was dependent on the presence of B cells. 
However, after using a bone marrow chimeric system resulting in the deficiency of IL10 
in B cells, animals were unable to recover and the immune response persisted [51]. 
IL10 producing B cells have been described in humans as well, although no definitive 
phenotypical markers have been determined for these cells. Breg cells were proposed 
to be mainly contained within the CD24highCD38high B cell population, although this 
population certainly does not exclusively consist of Breg cells [52]. Others, however, found 
Breg cells enriched in the CD24highCD27+ B cell population [53]. As these two populations 
are non-overlapping, the proper phenotypic description for Breg cells is still uncertain. 
For Breg research in AAV mainly the CD24highCD38high population has been investigated 
so far. A decrease in CD5+ B cells, a marker also present on the CD24highCD38high 
population, was described during active disease [54]. Differences in percentages of 
CD24highCD38high B cells within the total B cell population have been demonstrated 
between patient groups and healthy controls, in part relating to disease activity. Results 
do not show a consistent, clear answer (Table 1). One attempt to identify Breg surface 
markers is based on capturing IL10+ cells and running whole-genome expression 
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analysis resulting in a new phenotypic proposal. While no unique transcription 
factor was detected, Breg cells were shown to be CD73−CD25+CD71+ [55]. If no clear 
phenotypic characterisation is possible due to plasticity of B cells other ways to look at 
Breg cells should be investigated such as focusing on production of IL10. IL10 production 
in stimulated total CD19+ B cells was diminished in patients with active disease and 
during remission [56]. However, other studies found only a decrease of IL10 production 
during active disease [58] or no difference in IL10 production between patients and 
controls [59 (Table 1). The possibility that dysregulation of regulatory cell populations 
contributes to epitope spreading is interesting and should be further investigated.

Conclusions and future research
The recent findings on epitope specificity of ANCA may give answers for questions 
regarding the pathogenicity of ANCA. If only a specific subset of ANCA is pathogenic, then 
the presence of NAA is not incompatible with ANCA pathogenicity. It explains why ANCA 
titers and disease activity do not correlate well, as routine tests measure all ANCA, also non-
pathogenic ones. Moreover, these experiments question the existence of ANCA-negative 
patients, as at least some ANCA-negative patients have now been confirmed to have 
MPO-ANCA. An important limiting factor is, however, the characterisation and detection 
of antibodies to conformational epitopes. Most MPO-epitopes are conformationally 
dependent, as reflected by the data of Gou et al. [45], showing that > 40% of MPO-ANCA-
positive patients do not recognise linear peptides. Critical epitopes may be missed by only 
studying linear epitopes. It seems unlikely that the ‘ANCA-negative’ patients would only 
have ANCA against a single epitope, while other patients have ANCA against a range of 
epitopes. Studying conformational epitopes is, however, more complicated due to their 
tertiary and quaternary structures. Besides MPO, epitope specificity of PR3 should be 
examined using a similar strategy. This could reveal whether masked epitopes occur also for 
PR3, therewith explaining the occurrence of more ANCA-negative patients. First, however, 

Table 1. Regulatory B cells in ANCA associated vasculitis patients compared to healthy controls.

Phenotype studied % of total B cells IL10 production by total B cells reference

CD24hiCD38hi decreased % in remission, similar % in 
active disease

- [57]

CD24hiCD38hi similar % in remission, decreased % in 
active disease

similar in remission and active 
disease

[59]

CD24hiCD38hi similar %, only decreased % in active 
MPO patients

similar in remission, decreased 
in active disease

[58]

CD5+ similar % in remission, decreased % in 
active disease

- [54]

- - decreased in both remission and 
active disease

[56]
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the experiments done by Roth et al. [44] should be confirmed in other institutions and 
population groups, to attest that the data can be replicated and to determine possible 
differences between patient cohorts. Besides this, effort should be focused on further 
characterisation of pathogenic and non-pathogenic MPO- and PR3 epitopes. This will not 
only increase our understanding of the pathogenesis of AAV, but may also give possibilities 
for targeted treatment. However, not all active disease patients displayed reactivity to the 
pathogenic epitope described by Roth et al.[44]. So, further analysis of epitope specificity 
in relation to disease activity should be explored, also in longitudinal studies. 
To further clarify the occurrence of epitope spreading, its mechanisms should be 
elucidated, including the role of regulatory T and B lymphocytes. Better characterisation 
of these cell populations is mandatory.  
What can be concluded is that not all ANCA are equal, some seem clearly pathogenic 
whilst others appear innocuous. For development of AAV, a specific ANCA repertoire 
is required. This repertoire may develop through intra-molecular epitope spreading. 
An insight into epitope specificity and their regulatory mechanisms may lead to better 
understanding of AAV pathogenesis with possibilities for targeted treatment. When both 
the field on epitope specificity and regulatory mechanisms are more extensively studied, 
the pathogenesis of AAV and the role of ANCA may be significantly better understood. 

Take home messages
•	 Controversial	data	exists	regarding	pathogenicity	of	ANCA:

-  Certain clinical data, in vitro studies and in vivo experimental studies point 
towards pathogenicity

-  Presence of natural ANCA in healthy individuals, ANCA-negative patients and 
lack of a strong association between ANCA titers and disease activity argue 
against pathogenicity

•	 Epitope	specificity	of	ANCA	could	explain:
-  Lack of a strong correlation between ANCA titers and disease activity due to the 

occurrence of reactivity against pathogenic epitopes during active disease and 
non-pathogenic epitopes during remission.  

-  The occurrence of ANCA negative patients due to masking of certain MPO 
epitopes by serum factors.

-  The occurrence of natural ANCA in healthy persons due to reactivity against 
non-pathogenic epitopes.

•	 	ANCA	against	natural	epitopes	may	precede	extension	to	pathogenic	epitopes,	via	
intra-molecular epitope spreading.

•	 	Disturbances	in	regulatory	mechanisms	may	be	involved	in	this	process.

•	 	In	 conclusion:	 not	 all	MPO-ANCA	 are	 pathogenic,	 only	 those	 against	 specific	
epitopes.
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Abstract
Objectives
Granulomatosis with polyangiitis (GPA) is a relapsing small-vessel vasculitis characterised 
by circulating anti-neutrophil cytoplasmic autoantibodies (ANCA) against proteinase 3 
(PR3). The mechanisms that trigger PR3-ANCA production are unknown. The aim of this 
study was to determine whether endogenous factors (B cell activating factor (BAFF) 
and interleukin (IL)-21) and exogenous factors (oligodeoxynucleotides containing CpG 
motifs (CpG-ODN)) synergise in stimulating PR3-ANCA production in GPA patients.

Methods
Peripheral blood mononuclear cells from GPA patients and healthy controls (HCs) 
were cultured in the presence of BAFF and IL-21, with or without CpG-ODN, for 12 
days. PR3-ANCA production in culture supernatants was quantified by Phadia EliA. 
Phenotypic characterisation and the influence of CpG-ODN treatment on IL-21 receptor 
(IL-21R), transmembrane activator and calcium-modulator and cyclophilin ligand 
interactor (TACI) and BAFF receptor (BAFF-R) expression on B cells was analysed by 
flow cytometry.

Results
Stimulation with BAFF and IL-21 significantly increased ANCA production in patient 
samples, which could be augmented further by addition of CpG-ODN. Stimulation with 
CpG-ODN increased the percentage of IL-21R+ and TACI+ B cells, but did not affect 
BAFF-R expression. GPA patients had an increased percentage of circulating IL-21R+ 
and a decreased percentage of TACI+ circulating memory B cells when compared with 
HCs. Additionally, patients had decreased expression of BAFF-R on B cells, which was 
inversely correlated with BAFF concentrations in plasma.

Conclusions
Our data demonstrate that endogenous and exogenous factors can synergise to 
promote PR3-ANCA production. Mechanistically, CpG-ODN up-regulated IL-21R and 
TACI expression on B cells, possibly sensitising these cells for IL-21- and BAFF-mediated 
signals. Agents inhibiting Toll-like receptor 9, BAFF and IL-21 signalling pathways may 
serve as potential therapeutics for intervention in GPA patients.
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Introduction
Granulomatosis with polyangiitis (GPA) is characterised by necrotising inflammation of 
the small- to medium-sized blood vessels, frequently affecting the respiratory tract and 
kidneys [1]. A hallmark of GPA is the presence of circulating anti-neutrophil cytoplasmic 
autoantibodies (ANCA), which are mainly directed against proteinase 3 (PR3) [1, 2]. In 
patients, a rising serum titer of PR3-ANCA often precedes a disease relapse, supporting 
the notion that autoantibodies are involved in disease pathogenesis. The pathogenic 
potential of PR3-ANCA has been studied both in vitro and in vivo (reviewed by Land 
et al. [3]). Neutrophil and monocyte stimulation in vitro with PR3-ANCA induces cell 
activation, resulting in generation of reactive oxygen species, neutrophil degranulation 
and proinflammatory cytokine production [4–7]. More recently, experiments in 
humanised mice demonstrated that PR3-ANCA can induce acute vascular injury, 
providing further support for a direct pathogenic role of these autoantibodies [8].
Although the pathogenic potential of PR3-ANCA is well established, the mechanisms 
that trigger PR3-ANCA production and disease relapse are less clear. Based on 
clinical observations, infections have been proposed to play an important role in GPA 
pathogenesis. In GPA patients, chronic nasal carriage of Staphylococcus aureus is 
strongly linked to relapsing disease, and maintenance treatment with the antibiotic 
co-trimoxazole can prevent relapses [9, 10]. The association with infections is further 
supported by in vitro studies demonstrating that B cell stimulation with Toll-like receptor 
(TLR) 9 ligand oligodeoxynucleotides containing CpG motifs (CpG-ODN) can induce 
the production of PR3-ANCA [11, 12].
Given that ANCA predominantly belong to IgG1 and IgG4 subclasses, this suggests 
that an antigen-driven T cell-dependent immune response mediates ANCA production 
[13, 14]. In particular, a specific T-helper cell subset characterised by production of 
interleukin (IL)-21 provides signals to B cells, supporting generation of high-affinity 
clones and differentiation to plasma cells [15]. We have recently reported increased 
frequencies of IL-21-producing CD4+ T-helper cells in the circulation of GPA patients 
during remission [16]. IL-21 signalling is environment dependent, and co-stimulatory 
signals have a critical influence on the resultant biological effect. In combination with 
CD40 signalling, IL-21 stimulates naive B cell proliferation and differentiation, whereas 
together with B cell activating factor (BAFF), IL-21 can stimulate plasma cell formation 
and antibody production by antigen-experienced B cells [17, 18]. BAFF is crucial for B 
cell survival, proliferation and differentiation, and overexpression of BAFF is strongly 
associated with the development of systemic autoimmunity [19]. Increased BAFF levels 
have been reported in patients with various autoimmune disorders, including systemic 
lupus erythematosus (SLE) and Sjogren’s syndrome (SS), as well as GPA [20–23].
The observations that in GPA the proportion of IL-21+ helper T cells is increased 
and that BAFF concentrations are elevated even during clinical remission suggest 
that in these patients an environment exists that facilitates survival and activation of 
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autoreactive B cells. As the relapsing nature of GPA has been associated with infections, 
we hypothesised that infectious agents can synergise with BAFF and IL-21 present in 
the endogenous environment to stimulate autoantibody production in GPA patients. 
To test this hypothesis, we studied the effect of IL-21, BAFF and the TLR9 agonist 
CpG-ODN on PR3-ANCA production, B cell proliferation and plasma cell formation. 
Furthermore, we evaluated the expression of receptors for IL-21 and BAFF on circulating 
B cells and studied the effect of CpG-ODN stimulation on the expression of these 
receptors in GPA patients and healthy controls (HCs).

Patients and Methods
Study population
Patient and HC characteristics are described in Table 1. Two cohorts of GPA patients 
and HCs were included in the study. Cohort 1 was used to study the effects of BAFF, 
IL-21 and CpG-ODN on ANCA production in vitro. Cohort 2 was recruited to study the 
expression of receptors for IL-21 and BAFF and to reveal whether CpG-ODN stimulation 
affected the expression of IL-21R, BAFF receptor (BAFF-R) and transmembrane activator 
and calcium-modulator and cyclophilin ligand interactor (TACI) on B cells. The diagnosis 
GPA was based on the definitions of the Chapel Hill Consensus Conference, and 
patients fulfilled the classification criteria of the American College of Rheumatology 
(ACR) [24, 25]. Samples were obtained in compliance with the Declaration of Helsinki. 
All subjects provided informed consent, and the study was approved by the Medical 
Ethics Committee of the University Medical Center Groningen, University of Groningen 
(the Netherlands).

Peripheral blood mononuclear cell isolation and culture
Peripheral blood mononuclear cells (PBMCs) were isolated from heparinised blood as 
described before [12]. Cells were cultured at a concentration of 1 x 106 cells/mL in the 
presence of 100 ng/mL BAFF (PeproTech Inc., Rocky Hill, NJ, USA), 100 ng/mL IL-21 
(Immunotools, Friesoythe, Germany), 3.2 μg/mL CpG-ODN 2006 (Hycult Biotech, Uden, 
the Netherlands) and combinations at 37°C with 5% CO2 (as previously described [11, 
12]). After 12 days of stimulation, the culture supernatants were collected and stored 
at -20 °C.

Quantification of PR3-ANCA
The concentration of PR3-ANCA was measured with a Phadia ImmunoCAP 250 
analyser using EliA PR3S (Thermo Fisher Scientific, Waltham, MA, USA) and the levels 
of PR3-ANCA IgG were expressed in response units (RU). To determine the number of 
patients that produced significant levels of PR3-ANCA in vitro, the signal measured in 
HCs samples was used to calculate a cut-off value (mean level in HCs + 3x S.D.). 
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Table 1. Characteristics of the study population

HC GPA - Remission GPA - Active

Cohort 1

n (% of males) 15 (67%) 15 (58%) 6 (64%)

Age in years, median (range) 57.2 (45-64) 62.3 (32-77) 68.8 (42-78)

PR3-ANCA titer, median (range) 1:80 (1:20-1:640) 1:240 (1:80-1:640)

Treatment AZA (100 mg/day)
Pred (5 – 10 mg/day)
AZA (100 mg/day) / Pred (5 mg/day)
No immunosuppressive therapy

2
3
1
9

1
2
0
3

CRP (mg/L), median (range) 4 (4-83) 103.5 (15-185)

Creatinine (µmol/L), median (range) 100 (74-215) 136.5 (72-913)

BVAS, median (range) 0 18 (10 – 20)

Cohort 2

n (% of males) 22 (64%) 21 (38%) 0 (0%)

Age in years, median (range) 53.0 (27-65) 58.6 (32-84)

PR3-ANCA titer, median (range) 1:80 (0-1:640)

Treatment AZA (100 mg/day)
Pred (5 – 10 mg/day)
AZA (100 mg/day) / Pred (5 mg/day)
MMF / Pred
No immunosuppressive therapy

6
3
2
1
9

CRP (mg/L), median (range) 4 (4-12)

Creatinine (µmol/L), median (range) 90 (60-171)

BVAS, median (range) 0

ANCA: anti-neutrophil cytoplasmic autoantibodies, AZA: azathioprine, BVAS: Birmingham Vasculitis 
Activity Score, CRP: C reactive protein, GPA: granulomatosis with polyangiitis, HC: healthy controls, MMF: 
mycophenolate mofetil, PR3: proteinase 3, Pred: prednisolone

Enzyme-linked immunosorbent assay (ELISA) for measurement 
of IgG
IgG in PBMC culture supernatants was quantified using an in-house ELISA. Briefly, 
microtiter plates were coated with 1.3 μg/mL goat anti-human IgG F(ab’)2 fragments 
(Jackson ImmunoResearch Laboratories Inc., West Grove, PA, USA). The supernatants 
were diluted in incubation buffer (PBS with 0.05% Tween-20 and 1% BSA). Purified human 
IgG (Siemens, Marburg, Germany) was used as a standard sample. The bound IgG 
was detected with mouse-anti-human-IgG-horseradish peroxidase (SouthernBiotech, 
Birmingham, AL, USA). Tetramethylbenzidine dihydrochloride (Sigma-Aldrich, St Louis, 
MO, USA) was used as the substrate, and optical density was read at 450 nm using an 
Emax microplate reader (Molecular Devices, Silicon Valley, CA, USA).
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B cell proliferation
Freshly isolated PBMCs from HCs were stained for 10 minutes with 500 ng/mL of 
carboxyfluorescein diacetate succinimidyl ester (CFSE; Invitrogen, Life Technologies, 
Grand Island, NY, USA). After washing, the cells were seeded in a plate at a concentration 
of 106 cells/mL and treated with 3.2 µg/mL CpG-ODN, 100 ng/mL BAFF, 100 ng/
mL IL-21, combinations of the stimuli, or were left without stimulation. After 4 days 
of incubation the cells were harvested, washed and labelled with anti-human CD19-
eFluor-450 (eBioscience, San Diego, CA, USA) and anti-human CD22-PE-Cy5 (BD 
Biosciences, San Jose, CA, USA). Cells were washed and analysed using a BD LSR-II flow 
cytometer (BD, Franklin Lakes, NJ, USA). The data were analysed using FlowJo Analysis 
Software v7.6.5 (Tree Star, Inc., Ashland, OR, USA). The percentage of proliferated 
B cells was determined based on the CFSE staining intensity and data are expressed 
as the percentage of B cells that have undergone at least one round of cell division.

Plasma cell formation
Freshly isolated PBMCs from HCs were suspended in culture medium at a concentration 
of 106 cells/mL and treated with 3.2 µg/mL CpG-ODN, 100 ng/mL BAFF, 100 ng/mL 
IL-21, combinations of the stimuli, or were left without stimulation. After 7 days, the cells 
were harvested, washed and labelled with anti-human CD19-eFluor-450, anti-human 
CD22-PE-Cy5, anti-human CD27-APC-eFluor-780 (eBioscience), and anti-human CD38-
PE-Cy7 (eBioscience). After washing, the cells were measured using a BD LSR-II flow 
cytometer. The data were analysed using Kaluza 1.2 Flow Analysis Software (Beckman 
Coulter, Brea, CA, USA), and cells with a CD19+CD27highCD38high phenotype were 
considered plasma cells.

Characterisation of IL-21R, BAFF-R and TACI expression of 
B cell subsets by flow cytometry
Freshly drawn EDTA blood was washed twice with PBS and 1% BSA, and 100 µl of the 
cell suspension was incubated with anti-human CD19-PerCP, anti-human CD27-FITC, 
anti-human CD38-APC (all from BD Biosciences), and either anti-human IL-21R-PE (BD 
Biosciences), anti-human BAFF-R-PE (BioLegend, San Diego, CA, USA), anti-human 
TACI-PE (BioLegend), or the corresponding isotype control antibodies for 15 minutes. 
Erythrocytes were lysed with FACS Lysing Solution. Cells were washed and analysed 
with a FACSCalibur. The data were analysed using Kaluza 1.2 Flow Analysis Software. 
Alternatively, freshly isolated PBMCs were suspended to a concentration of 106 cells/
mL. Some of the cells were used directly for staining to measure the baseline expression 
of IL-21R, BAFF-R and TACI. Cells were stimulated with CpG-ODN (3.2 μg/mL) for 4 
or 24 h. At the end of the experiment, cells were washed with PBS plus 5% fetal calf 
serum. Then cells were stained for surface expression of IL-21R, BAFF-R and TACI using 
the staining protocol described above for the whole blood samples.
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ELISA for quantification of BAFF concentrations in plasma
BAFF concentrations in plasma were measured using Human BAFF Quantikine ELISA 
(R&D Systems, Minneapolis, MN, USA) according to the manufacturer’s instructions. 
The plasma sample was collected on the same day as the blood sample used for 
measuring IL-21R, TACI and BAFF-R expression by flow cytometry.

Statistical analysis
Data are presented as median values, unless stated otherwise. Data from HCs and GPA 
patients were compared using Student’s unpaired t-test or a Mann-Whitney U-test 
for data with Gaussian or non-Gaussian distributions, respectively. For intra-individual 
comparison of more than two groups, repeated-measures analysis of variance was used if 
data were normally distributed and a Friedman test was used if data had a non-Gaussian 
distribution as determined by the D’Agostino and Pearson omnibus normality test. If a 
significant difference was found, further testing was done using a paired Student’s t-test 
or a Wilcoxon matched pairs test for data with Gaussian or non-Gaussian distributions, 
respectively. The significance of correlations was assessed using Spearman’s rank 
correlation coefficient. A value of p < 0.05 was considered statistically significant.

Results
CpG-ODN, BAFF and IL-21 promote PR3-ANCA production 
in vitro
First, we evaluated the effect of BAFF, IL-21 and CpG-ODN on IgG production in vitro. 
Although treatment with CpG-ODN significantly increased IgG levels when compared 
with unstimulated cells, the combination of BAFF and IL-21 stimulated IgG production 
more potently than treatment with CpG-ODN alone (Figure 1A). Furthermore, the 
stimulatory effect of BAFF and IL-21 could be further enhanced by addition of 
CpG-ODN (Figure 1A). As BAFF, IL-21 and CpG-ODN had a strong stimulatory effect 
on IgG production, we then tested their effect on PR3-ANCA production in vitro. No 
significant increase of PR3-ANCA was observed with BAFF, IL-21 or CpG-ODN alone 
compared with unstimulated cells (Figure 1B). The combination of BAFF and IL-21 
significantly increased PR3-ANCA production, and this effect was further significantly 
enhanced by addition of CpG-ODN (Figure 1C). In combination with CpG-ODN, IL-21 
rather than BAFF was the main potentiating factor leading to increased autoantibody 
production (supplementary Figure 1). Eighteen of 21 patients produced significant 
amounts of PR3-ANCA in vitro (Figure 1E). 
To determine whether cells from patients and HCs have similar capability to respond 
to the stimulation, total IgG levels were measured in the supernatants. The amount of 
IgG produced by GPA patients and HCs upon stimulation with CpG-ODN, BAFF and 
IL-21 was comparable (Figure 1D). 

47



3

PR3-A
N

C
A

 PR
o

d
u

C
tio

N
 in

 v
itr

o

Figure 1. BAFF, IL-21 and CpG-ODN promote PR3-ANCA production in vitro. (A-B) The effect 
of CpG-ODN, BAFF, IL-21 or combinations of these stimuli was tested initially on a limited number 
of GPA patients. Stimulation with BAFF and IL-21, with CpG-ODN or the combination of the three, 
induced production of (A) IgG (n=12) and (B) PR3-ANCA (n=8). (B-C) Stimulation with BAFF and 
IL-21 significantly increased PR3-ANCA production. CpG-ODN further significantly enhanced 
the BAFF and IL-21 effect. (D) Patients and HCs produced similar amounts of IgG in vitro. (E) HC 
samples were used to calculate a cut-off level, and patients above the cut-off were considered 
to produce significant amounts of PR3-ANCA. (F) PR3-ANCA production in vitro significantly 
correlated with the PR3-ANCA serum level. The figure demonstrates data from subjects included 
in cohort 1. *p<0.05; **p<0.001; ***p<0.0001.
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To investigate whether in vitro ANCA production was related to the PR3-ANCA serum 
level, we measured PR3-ANCA levels in serum samples from the corresponding patients 
collected at the time of cell isolation. A significant positive correlation was found between 
PR3-ANCA serum levels and the amount of PR3-ANCA produced in vitro (Figure 1F).
As non-specific systemic inflammation in GPA patients could affect the autoantibody 
levels measured in serum or in culture supernatants, we tested whether PR3-ANCA 
levels were associated with C reactive protein (CRP) or creatinine concentrations in 
serum. There was no significant correlation between the serum or in vitro levels of 
PR3-ANCA and CRP or creatinine (supplementary Figure 2).

CpG-ODN, BAFF and IL-21 induce B cell proliferation and 
plasma cell formation
CpG-ODN is known to promote formation of plasma blasts [26] and, together with 
BAFF, it induces B cell activation, proliferation, and immunoglobulin secretion [27, 28]. 
As treatment with BAFF, IL-21 and CpG-ODN lead to significantly more (auto)antibody 
production than stimulation with BAFF and IL-21, we compared the effect of BAFF, 
IL-21 and CpG-ODN with that of BAFF and IL-21 on B cell proliferation and plasma 
cell formation (Figure 2). Stimulation with BAFF, IL-21 or the combination of both did 
not induce B cell proliferation when compared with unstimulated cells. In contrast, 
CpG-ODN alone significantly induced B cell proliferation, and this effect was further 
significantly enhanced when CpG-ODN, BAFF and IL-21 were used together (Figure 2A). 
As the combined treatment of CpG-ODN, BAFF and IL-21 strongly stimulated IgG 
production in vitro, we also evaluated the effect of these stimuli on plasma cell formation. 
The combination of BAFF and IL-21 significantly promoted B cell differentiation towards 
plasma cells when compared with unstimulated cells. Treatment with CpG-ODN alone 
induced significantly more plasma cells than BAFF and IL-21 treatment, and this effect 
was comparable to that of CpG-ODN, BAFF and IL-21 together, demonstrating that 
plasma cell formation in this in vitro system is primarily driven by CpG-ODN (Figure 2B).

CpG-ODN up-regulates IL-21R and TACI, but not BAFF-R 
expression on B cells
As the combined treatment with BAFF, IL-21 and CpG-ODN was a more potent inducer 
of PR3-ANCA production compared with BAFF and IL-21, we questioned whether 
stimulation with CpG-ODN sensitises B cells for stimulation with IL-21 and BAFF. To 
this end, we evaluated the effect of CpG-ODN on the expression of the receptors for 
IL-21 and BAFF. IL-21 signals through IL-21R, which is mainly expressed on transitional 
and naive B cells, and to a lesser extent on memory B cells [17]. BAFF is known to signal 
through three receptors, namely BAFF-R, TACI, and B cell maturation antigen. As B cell 
maturation antigen is mainly expressed on terminally differentiated plasma cells and is 
almost absent on B cells [18, 29], we only studied the expression of BAFF-R and TACI, 
which are abundantly expressed on B cells. 
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Figure 2. CpG-ODN mediates B cell proliferation and plasma cell formation. (A) Representative 
plots from one HC showing the effect of four days of treatment with BAFF, IL-21 and CpG-ODN on B 
cell proliferation compared with unstimulated cells. The graph shows data from nine HCs, and each 
line represents one donor. (B) Representative plots from one HC demonstrating plasma cell formation 
induced after seven days of treatment with BAFF, IL-21 and CpG-ODN. The graph shows data from 
nine healthy individuals. (A-B) Paired samples were used for the statistical analysis; *P<0.05; **P<0.001.

PBMCs were stimulated with CpG-ODN and already after 4 h of stimulation a moderate 
increase in IL-21R+ B cells was observed when compared with baseline expression 
(Figure 3A-B). IL-21R expression increased further after 24 h (Figure 3A-B). The IL-21R 
expression level, which was induced after 24 h stimulation with CpG-ODN, was comparable 
between HCs and GPA patients (Figure 3C). After 24 h of stimulation, CpG-ODN significantly 
up-regulated TACI expression (Figure 3A-B). Increased TACI expression was observed in 
all HCs and five of six GPA patients (Figure 3C). The median percentage of TACI-positive 
B cells after CpG-ODN treatment was not different between HCs and GPA patients. In 
the majority of donors, all B cells expressed BAFF-R; therefore, its expression level was 
characterised based on mean fluorescence intensity (MFI). Unlike IL-21R and TACI, the 
expression of BAFF-R was not significantly affected by treatment with CpG-ODN (Figure 3).
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Figure 3. CpG-ODN increases IL-21R and TACI, but not BAFF-R expression on B cells. (A) 
Representative histograms from one HC, demonstrating increase in IL-21R+ and TACI+ B cells 
after 24 h of stimulation with CpG-ODN in comparison to the baseline expression. (B) PBMCs 
were stimulated with CpG-ODN for 4 or 24 h, and the expression of IL-21R, TACI, and BAFF-R 
was measured by flow cytometry. Graphs show data from seven HCs, and the data are plotted 
as mean ± S.D. (C) PBMCs from seven HCs and six GPA patients were stimulated with CpG-ODN 
for 24 hours and the alterations in IL-21R, TACI, and BAFF-R expression were measured by flow 
cytometry. (A-C) The figure demonstrates data from subjects included in cohort 2.

Altered IL-21R and TACI expression on naive and memory 
B cells and decreased BAFF-R expression in GPA patients
We evaluated the expression of IL-21R, TACI and BAFF-R on total B cells and on naive 
and memory B cell subsets in HCs and GPA patients. As reported previously [16], the 
median percentage of IL-21R+ B cells was comparable between HCs and patients 
(71.6% and 73.5% in HCs and GPA patients, respectively). However, when subdivided 
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into naive and memory B cell populations, GPA patients had increased percentages of 
IL-21R+ memory B cells when compared with HCs (25.6% in HCs and 38.6% in patients; 
p=0.0050; Figure 4A). 

Figure 4. IL-21R, TACI and BAFF-R expression on B cells in GPA patients and HCS. The 
percentages of (A) IL-21R+ and (B) TACI+ B cells and the receptor distribution on naive and memory 
B cell subsets were assessed in HCs and GPA patients. (C) The BAFF-R expression level on B cells is 
expressed as MFI. (D) Plasma BAFF levels in GPA patients (n=21) were measured by ELISA; the plasma 
samples were collected on the same day when BAFF-R level on B cells was measured. (A-C) The 
scatter plots show data from 15 HCs and 21 GPA patients. The horizontal lines indicate the median 
value. (A-D) The figure demonstrates data from subjects included in cohort 2. *P<0.05; **P<0.001.
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Likewise, the median frequency of TACI+ CD19+ cells was not significantly different 

between HCs and GPA patients (33.2 and 39.7%, respectively); however, GPA patients 

had an increased frequency of TACI-expressing naive B cells (12.5% in HCs and 19.1% in 

GPA; p=0.0147) and a decreased percentage of TACI+ memory B cells when compared 

with HCs (91.7% and 79.3%, respectively; p=0.0147; Figure 4B). 

Finally, we assessed BAFF-R expression on B cells. Although BAFF-R expression levels 

were highly variable in both HCs and GPA patients (MFI range 14.4-76.5 in HCs and 

0.5-52.7 in GPA patients), the median expression level of BAFF-R on B cells in GPA 

patients was significantly lower when compared with HCs (p=0.0113; Figure 4C). 

Previous studies have reported internalisation of BAFF-R upon binding to its ligand, and 

circulating BAFF levels were shown to be inversely correlated with BAFF-R expression 

on peripheral lymphocytes [30]. Given that GPA patients have elevated levels of 

circulating BAFF [22, 23, 31], we hypothesised that the decreased BAFF-R expression 

is related to the increased circulating BAFF levels. Therefore, we measured circulating 

BAFF levels in plasma of patients and correlated it with the BAFF-R level on B cells. We 

found a significant negative correlation between the level of circulating BAFF and the 

level of BAFF-R expressed on the peripheral B cells (Spearman’s r=-0.6431, p=0.0017; 

Figure 4D). In GPA patients, the expression levels of IL-21R, TACI and BAFF-R on B 

cells were not correlated with the serum concentrations of CRP or creatinine, indicating 

that the alterations in the receptor expression are not associated with a non-specific 

inflammatory response (supplementary Figure 3).

Discussion
In GPA pathogenesis, ANCA are considered pivotal mediators of the vasculitic damage. 

In the present study, we studied factors potentially involved in the production of 

PR3-ANCA. Here, we show that the TLR9 agonist CpG-ODN, together with BAFF and 

IL-21, enhances the production of PR3-ANCA, demonstrating that both endogenous 

and exogenous factors are effectively involved in (auto)antibody production in 

GPA patients.

We confirm the previously reported effect of CpG-ODN on B cell proliferation [32–34] 

and show that this effect can be enhanced further by addition of BAFF and IL-21. The 

combined treatment with BAFF, IL-21 and CpG-ODN also efficiently induced plasma cell 

formation when compared with unstimulated cells. However, this effect was mediated 

mainly by CpG-ODN, because stimulation with BAFF, IL-21 and CpG-ODN was not 

superior to stimulation with CpG-ODN alone. The absence of increased plasma cell 

formation with CpG-ODN, BAFF and IL-21 compared with CpG-ODN seems to conflict 

with the increased total IgG production that was observed. However, the number of B 

cells does increase owing to the induction of B cell proliferation. Moreover, as recently 

suggested by Liu et al. [35], there may also be an increased IgG production per cell, 

rather than only an increase in the number of IgG-producing cells. 
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We observed that stimulation with CpG-ODN up-regulated IL-21R on B cells, which 
is in concordance with a study by Ruffin et al. [36], who demonstrated TLR-mediated 
induction of IL-21R on B cells. In our study, the increase in IL-21R was mainly due 
to increased expression on memory B cells, which, in a non-activated state, have a 
moderate expression level of IL-21R when compared with naive B cells. Interestingly, 
GPA patients had an increased percentage of circulating IL-21R+ memory B cells, 
suggesting that these antigen-experienced B cells might be more susceptible for 
stimulation through the IL-21R.
CpG-ODN also affected TACI, but not BAFF-R expression on B cells. TACI was mainly 
expressed on memory B cells, whereas it was up-regulated on naive B cells after 
stimulation with CpG-ODN. This is in line with previous studies reporting induction 
of TACI expression on activated B cells [37, 38]. Remarkably, GPA patients displayed 
a decreased frequency of circulating TACI-expressing memory B cells. TACI is an 
inhibitory receptor, which in physiological conditions provides negative feedback 
signals to activated cells to circumvent their excessive expansion [38]. Thus, one might 
speculate that in GPA patients the memory B cells receive insufficient inhibitory signals 
and might be more prone to uncontrolled activation.
Circulating B cells from GPA patients had lower expression of BAFF-R when compared 
with HCs. In line with previous work in SLE and SS patients [30], the decreased BAFF-R 
expression on B cells in GPA patients was strongly associated with increased BAFF 
levels in the circulation. Elevated BAFF levels, increased frequency of IL-21-producing 
T cells or circulating IL-21 have been reported in various autoimmune conditions, 
including GPA [16, 39, 40]. Overexpression of BAFF or IL-21 in animal models leads 
to the development of a lupus-like condition, whereas blockade of these cytokines 
ameliorates the disease severity [19, 41]. Hence, BAFF, IL-21 and/or their receptors 
are considered potential therapeutic targets for treatment of autoimmune disorders. 
A monoclonal antibody inhibiting BAFF has been approved for the treatment of SLE 
patients [42], and ongoing clinical trials also aim to test the efficacy of anti-BAFF 
therapy in vasculitis patients [43]. As the level of circulating BAFF is known to increase 
after B cell depletion therapy [44], which is also being used in GPA patients [45] 
treatment that regulates BAFF levels in the circulation might be useful to prevent 
aberrant activation of newly formed B cells. More recently, a monoclonal antibody 
against IL-21 has been developed and is being tested as a possible treatment for RA 
[46].
Our study also demonstrates that exogenous factors, such as the TLR9 agonist 
CpG-ODN enhance the effects of BAFF and IL-21. This is of particular interest when 
considering that the majority of ANCA-associated vasculitis (AAV) patients are chronic 
carriers of S. aureus [9], and staphylococcal DNA is also recognised by TLR9 [47]. 
Interestingly, some drugs, such as hydroxychloroquine, work through inhibition of TLR9 
signalling and are used in autoimmune disorders, mainly SLE [48]. Treatment improves 
patient survival and remission rates, as well as reducing disease activity [49]. Reduction 
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of infectious agents in patients may be equally effective, and antibiotic treatments 
have been shown to reduce the risk for relapse in GPA [10]. The data of the present 
study provide additional evidence that blockade of TLR9, BAFF and/or IL-21 might be 
beneficial strategies for amelioration of autoantibody-mediated diseases.
Our study primarily focused on patients in clinical remission and only a limited number 
of patients with active disease (n=6) were included to establish ANCA production in 
vitro. Also, owing to limited access to material from patients with active disease, the 
expression of IL-21R, BAFF-R and TACI was characterised only in patients during clinical 
remission. Additional studies are needed to elucidate whether the expression of these 
receptors is affected by disease activity.
Another limitation of our study is that experiments were performed on lymphocytes 
derived from peripheral blood, whereas the generation and activation of ANCA-
specific autoreactive B cells is most likely to occur in secondary lymphoid organs or 
tertiary lymphoid structures in the affected organs. Nevertheless, it is intriguing that 
ANCA-specific lymphocytes can be found in the circulation of GPA patients in clinical 
remission, which suggests ongoing generation of ANCA-specific B cells even during 
quiescent disease. As ANCA have a major role in the effector phase of GPA [2], the 
factors that contribute to the production of autoantibodies potentially could exacerbate 
disease activity or promote the occurrence of relapses. Currently, we are performing a 
prospective study to test whether in vitro ANCA production could serve as a predictor 
of relapse in AAV patients.
In conclusion, we have demonstrated that endogenous B cell stimuli and bacterial 
products can contribute to PR3-specific B cell activation in GPA patients in remission, 
emphasising the contribution of infectious agents in reactivation of autoantibody 
production. Therapeutic strategies that regulate B cell activation might be useful to 
sustain stable remission in GPA patients.

Key Messages
- Granulomatosis with polyangiitis patients have PR3-specific B cells in circulation even 
during clinical remission.
- PR3-specific B cells in granulomatosis with polyangiitis patients can be reactivated in 
vitro by endogenous and exogenous signals.
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Supplementary Figure 1. PBMCs from three patients were treated with the indicated stimuli for 
12 days. PR3-ANCA was quantified in the culture supernatants using ImmunoCap. 

Supplementary Figure 2. CRP and creatinine levels do not correlate with PR3-ANCA levels in 
serum, total IgG or PR3-ANCA IgG measured in PBMC culture supernatants from patient cohort 1.

Supplementary data
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Supplementary Figure 3. CRP and creatinine do not correlate with IL-21R, TACI or BAFF-R 
expression on B cells in patient cohort 2.
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Abstract
Objectives
Patients with granulomatosis with polyangiitis (GPA) are prone to disease relapse. 
Currently no good biomarkers are available to predict relapses in individual patients. 
This study aimed to determine whether patients at risk for relapse can be distinguished 
based on increased (in vitro) autoantibody production and an altered B cell subset 
distribution. 

Methods
Eighty-four proteinase 3 (PR3) anti-neutrophil cytoplasmic antibody (ANCA) positive 
GPA outpatients were prospectively monitored for up to 2 years and 33 healthy controls 
were included. At periodic intervals peripheral blood mononuclear cells were isolated, 
cultured and in vitro production of total and PR3-ANCA-specific IgG was determined. 
Serum ANCA titers were measured and the B cell phenotype, including markers for 
transitional, naive, memory and potential regulatory B cells, was analysed by flow 
cytometry. 

Results
Sixteen patients (21%) relapsed during follow-up. At inclusion no significant differences 
were present for autoantibody production and B cell subset distribution between 
relapsing and non-relapsing patients. Samples before relapse exhibited increased 
ANCA titers, levels of in vitro PR3-ANCA IgG and percentages of naive B cells as well 
as lower percentages of memory and CD24highCD27+ B cells compared to inclusion 
samples from non-relapsing patients. When evaluating changes over time significantly 
higher ANCA titers, and percentages of naive B cells were observed in relapsing patients 
compared to 1-year follow-up from non-relapsing patients. Moreover, significantly 
lower percentages of memory and CD24highCD27+ B cells were detected before relapse. 
However, the variation in these biomarkers was large between patients as well as within 
individual patients before relapse. 

Conclusions
Differences were observed for the ANCA titer and B cell subset distribution in relapsing 
and non-relapsing patients, indicating that these markers are potentially interesting 
for identifying patients at risk for future disease relapse. Monitoring in vitro PR3-ANCA 
IgG production in GPA patients is not a useful biomarker to improve relapse prediction 
in GPA patients.
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Introduction
Granulomatosis with polyangiitis (GPA) is one of the anti-neutrophil cytoplasmic 
antibody (ANCA) associated vasculitides (AAV), forms of vasculitis that predominantly 
affect small blood vessels in the respiratory tract and kidneys [1]. In GPA patients 
ANCA are mainly directed against proteinase 3 (PR3). Clinical and experimental 
evidence demonstrates a crucial role for the autoantibodies in disease pathogenesis 
[1, 2]. Patients with AAV are prone to disease relapse, resulting in progressive loss 
of organ function and increased burden of co-morbidities [3]. Maintenance therapy 
aimed at preventing (early) disease relapse comes at the cost of treatment related 
morbidity and expense [4, 5]. There is a clear need for biomarkers that can distinguish 
patients susceptible for disease relapse. Patient groups at increased risk for relapse 
include those that have lung involvement [6] and present with chronic nasal carriage 
of Staphylococcus aureus [7]. Nevertheless, an accurate method to predict relapses in 
individual patients is not available. 
One potential biomarker that has been thoroughly investigated is monitoring of 
serum ANCA titers. However, results from numerous studies are inconsistent and 
monitoring ANCA titers is only modestly predictive for relapse [8–10]. Previously we 
have demonstrated that it is possible to induce PR3-ANCA production using an in vitro 
system [11, 12] based on stimulation of peripheral blood mononuclear cells (PBMC) 
and postulated that this may be a more accurate reflection of the ongoing pathogenic 
process and active ANCA production in GPA patients. 
In GPA pathogenesis, B cells are involved as precursors of ANCA producing plasma 
cells. However, it is increasingly recognised that B cells also participate in antibody-
independent immune responses via antigen presentation and production of pro- and  
anti-inflammatory cytokines [13, 14]. For example, the existence of regulatory B cells 
(Bregs), commonly defined by their capacity to produce the anti-inflammatory cytokine 
interleukin (IL)10, is now well accepted. Several different phenotypical descriptions have 
been proposed that may identify these Bregs in the circulation, including CD24highCD38high 

[15] and CD24highCD27+ B cells [16]. In many autoimmune diseases including GPA, 
alterations in the B cell subset distribution have been described but little data is 
available on whether a specific B cell subset profile is associated with disease relapse.
In the current study we aimed to determine whether GPA patients at risk for relapse can 
be distinguished based on increased (in vitro) autoantibody production and an altered 
B cell subset distribution. To investigate this we performed a prospective cohort study 
in 84 PR3-ANCA positive GPA patients in the setting of daily clinical practice. In this 
cohort we monitored in vitro PR3-ANCA IgG production, ANCA titer and the B cell 
phenotype and assessed their value for predicting an ensuing disease relapse. 
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Patients and Methods
Study population
Between 2013 and 2015 84 consecutive GPA outpatients from the University Medical 
Center Groningen (UMCG) and 33 healthy controls (HC) were included. The diagnosis 
of GPA was based on definitions outlined in the Chapel Hill Consensus Conference and 
patients fulfilled classification criteria of the American College of Rheumatology [17, 18]. 
Patients were included irrespective of disease status. At time of inclusion 82 patients 
were in clinical remission. All patients were confirmed positive for PR3-ANCA at least 
once during disease. GPA patients were monitored for up to two years of follow-up. 
HC were included at a single time point. Characteristics of GPA patients and controls 
at time of inclusion are listed in Table 1. Relapses were based on clinical judgement 
and had to result in the decision to initiate or increase immunosuppressive therapy. 
Median time between last sampling and relapse was 0.15 (range 0.04-0.53) years. All 
subjects gave informed consent and the study was approved by the Medical Ethical 
Committee of the UMCG. Samples were obtained in accordance with the Declaration 
of Helsinki. Patient samples were collected according to the normal visit schedules in 
daily clinical practice. 

Quantification of in vitro produced total and PR3-ANCA 
specific IgG
Cell isolation, cell culture, and quantification of total IgG and PR3-ANCA IgG levels 
was performed as previously described [12]. All samples were cultured with or without 
3.2 μg/mL CpG-ODN 2006 (Hycult Biotech, Uden, the Netherlands), 100 ng/mL 
B cell activating factor (BAFF; PeproTech Inc., Rocky Hill, NJ, USA) and 100 ng/mL 
IL21 (Immunotools, Friesoythe, Germany). PR3-ANCA IgG production is expressed in 
response units (RU) and total IgG production in ng/mL. One control sample was lost due 
to cell culture infection. For PR3-ANCA IgG levels measured in healthy controls were 
used to calculate a positive cut-off value, based on mean + 3 times standard deviation 
to determine production of significant levels of PR3-ANCA IgG in vitro.

Serum ANCA titer
ANCA detection was performed by indirect immunofluorescence, as described 
previously [19]. Serum samples were tested at 2-fold serial dilutions starting at 1 : 20.

Flow cytometry for analysis of the B cell phenotype
EDTA blood was collected and 100 µl was incubated with anti-human CD19-eFluor450 
(eBioscience, San Diego, CA, USA), CD24-FITC (BD Biosciences, San Jose, CA, USA), 
CD27-APC-eFluor780 (eBioscience), CD38-PeCy5 (eBioscience) or the corresponding 
isotype controls. Cells were treated with FACS Lysing solution (BD Biosciences) and 
measured using an LSR-II flow cytometer (BD Biosciences). Data were analysed using 
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Table 1. Patient and healthy control characteristics.

 HC GPA 
GPA – no relapse 
during follow-up

GPA – relapsed 
during follow-up

subjects, n (% male)  33 (51) 84 (43) 68 (43) 16 (44)

Age, mean (range)  57.1 (44-74) 58.6 (26-83) 60.2 (26-84) 55.0 (32-76)

PR3-ANCA titer, median (range) 1:80 (0-1:640) 1:40 (0->640) 1:80 (0->640)

Creatinine umol/L, median (range) 87 (57-409) 87 (57-409) 93 (61-171)

CRP mg/L, median (range) 4 (0.3-72) 4 (0.3-72) 4 (0.4-20)

eGFR ml/min*1,73m2, median (range) 68 (13-111) 65.5 (13-111) 71 (26-95)

Disease duration in years, median (range) 9.5 (0.2-42) 8.8 (0.2-42) 14.9 (2-24)

Number of total relapses, median (range) 1 (0-10) 1 (0-6) 4 (1-10)

BVAS, median (range) 0 (0-6) 0 (0-6) 0 (0-2)

Clinical manifestations, n (%)

   Renal 51 (61) 40 (59) 11 (69)

   ENT 61 (73) 49 (72) 12 (75)

   Joints 44 (52) 34 (50) 10 (63)

   Pulmonary 56 (67) 41 (60) 15 (94)

   Nervous system 26 (31) 22 (32) 4 (25)

   Eyes 30 (36) 22 (32) 8 (50)

   Cutaneous 18 (21) 14 (21) 4 (25)

   Other 8 (10) 5 (7) 3 (19)

Disease form, n (%)

   Localised 3 (4) 3 (4) 0 (0)

   Early systemic 13 (16) 11 (16) 2 (13)

   Generalised 55 (66) 43 (63) 12 (75)

   Severe 13 (16) 11 (16) 2 (13)

Treatment at time of sampling, n (%)

   Aza 9 (11) 5 (7) 4 (25)

   Pred 9 (11) 8 (12) 1 (6)

   Aza + pred 16 (19) 13 (19) 3 (19)

   MMF + pred 8 (10) 4 (6) 4 (25)

   MTX 1 (1) 1 (2) 0 (0)

   No immunosuppressive therapy  41 (49) 37 (54) 4 (25)

Induction therapy, n (%)

   Cyc, pred 57 (68) 47 (69) 10 (63)

   Cyc, pred, followed by RTX 8 (10) 4 (6) 4 (25)

   Cyc, pred, plasma exchange 3 (4) 2 (3) 1 (6)

   Cyc, pred, plasmapheresis 10 (12) 9 (13) 1 (6)

   Pred,  MTX 2 (2) 2 (3) 0 (0)

   Co-trimoxazole 4 (5) 4 (6) 0 (0)

ANCA, anti-neutrophil cytoplasmic antibody; Aza, azathioprine; BVAS, Birmingham Vasculitis Activity 
Score; CRP, C-reactive protein; Cyc, cyclophosphamide; eGFR, estimated glomerular filtration rate; GPA, 
granulomatosis with polyangiitis; HC, healthy control; MMF, mycophenolate mofetil; MTX, methotrexate; pred, 
prednisolone; RTX, rituximab
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Kaluza 1.2 flow analysis software (Beckman Coulter, Brea, CA, USA). The percentage 

distribution of B cells was converted to absolute numbers using a lymphocyte count 

and the percentage of total B cells. No lymphocyte counts were available for healthy 

controls. Patients with few B cells were excluded from analysis as subset gating could 

not be accurately performed, specifically patients with < 9x106 B cells/L or < 2% B 

cells within the lymphocyte population. Moreover, one patient was excluded due to 

an aberrant expression of CD24 and CD38.

Statistical analysis
Statistical analysis was performed using SPSS v22 (IBM Corporation, Chicago, IL, USA) 

and Graphpad Prism v5.0 (GraphPad Software, San Diego, CA, USA). ANCA production 

and B cell subsets were compared between 1) inclusion samples of GPA patients and 

healthy controls, 2) inclusion samples of relapsing and non-relapsing patients and 3) 

samples before relapse and inclusion samples of non-relapsing patients using the 

Mann-Whitney U test. 

For those biomarkers that demonstrated significant differences before relapse further 

analyses were performed to evaluate changes over time in relapsing versus non-

relapsing patients. For relapsing patients the mean difference between inclusion and 

the last sample taken before relapse was 0.8 ± 0.5 years. For non-relapsing patients 

this time frame was matched as accurately as possible. Since the regular sample 

frequency was every 6 months samples closest to 1-year follow-up were used (mean 

1.0 ± 0.2 years). The change in ANCA production and B cell subsets over time (from 

inclusion to relapse or 1-year follow-up; Δ0-1) was compared between relapsing and 

non-relapsing patients using the Mann-Whitney U test. The association between ANCA 

production and B cell subsets in inclusion samples of GPA patients was investigated 

using the Spearman rank correlation coefficient. P-values <0.05 were considered 

statistically significant.

Results
In vitro production of total and PR3-ANCA specific IgG
Total and PR3-ANCA specific IgG was measured in cell culture supernatants from 84 

patients and 32 healthy controls. At time of inclusion, levels of IgG were similar between 

patients and controls in both unstimulated and CpG, BAFF and IL21 stimulated samples 

(Figure 1A). In 30% of the patients significant levels of PR3-ANCA IgG were observed in 

unstimulated samples and 64% of patients were found positive in stimulated samples 

(Figure 1B). When comparing patients currently on or off immunosuppressive treatment 

total IgG levels were significantly decreased in patients on maintenance therapy while 

PR3-ANCA specific IgG levels were not significantly affected by current treatment 

(Supplementary Figure 1). 
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During the study 16 patients (21%) relapsed. At time of inclusion no significant 
differences were observed for in vitro total and PR3-ANCA specific IgG production in 
patients with or without a future relapse. However, when comparing the last sample 
taken before relapse with inclusion samples of non-relapsing patients a significantly 
higher production of total and PR3-ANCA IgG was observed in unstimulated samples 
from relapsing patients. Moreover, in samples stimulated with CpG, BAFF and IL21 
higher levels of PR3-ANCA IgG were present in relapsing patients (Figure 1C-D). ANCA 
titers did not differ at time of inclusion (p=0.27) and were higher prior to relapse 
(p=0.016) compared to non-relapsing patients (data not shown).

Figure 1. In vitro total and PR3-ANCA specific IgG production. Levels of (A) total IgG production 
and (B) PR3-ANCA specific IgG were determined in in vitro culture supernatant samples from 84 GPA 
patients and 32 healthy controls at time of inclusion. (C-D) The GPA patients were divided based on 
future relapse. Results at time of inclusion from patients with and without relapse during follow-up 
and the last sample taken before relapse are depicted. For PR3-ANCA levels in healthy controls are 
very low and considered to be negative. The dashed line represents the positive cut-off, based on 
the mean of the healthy control samples + 3 times the standard deviation. Horizontal lines represent 
median values. *p<0.05. **p<0.01
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The biomarkers demonstrated a high level of variability before relapse. Serum ANCA 
titers appeared to increase in most patients before relapse (Figure 2A). With respect 
to in vitro PR3-ANCA production, a number of patients clearly had an increasing 
production before they relapsed while others remained relatively stable or were 
consistently negative. This was seen in both unstimulated (Figure 2B) and CpG, BAFF 
and IL21 stimulated samples (Figure 2C). In samples from non-relapsing patients 
variation occurred as well.

B cell subset distribution in peripheral blood
The B cell phenotype was determined concurrently with in vitro ANCA production in 
64 patients and 33 controls. The CD19+ B cells were divided in transitional, memory, 
naive and two proposed Breg phenotypes CD24highCD38high and CD24highCD27+ B cells 
as previously described [20] (Supplementary Figure 2). 
At inclusion GPA patients demonstrated a lower percentage of circulating CD19+ B 
cells than controls. When analysing the subsets several differences were observed, 
including a lower percentage of memory B cells and a higher percentage of naive B 
cells in patients. The CD24highCD27+ regulatory subset was decreased in patients as 
well, while no significant difference was seen for the percentage of CD24highCD38high 
B cells (Figure 3A). Current immunosuppressive treatment had a significant effect on 
the proportion of total B cells but minimal effects on subset distribution, with only 
CD24highCD38high B cells found significantly decreased in patients on maintenance 
treatment (Supplementary Figure 3).
At time of inclusion no significant differences in the percentage of any B cell population 
were observed between patients with and without a future relapse (Figure 3B). With 
regard to absolute numbers of B cells, patients with a future relapse had significantly 
lower numbers of memory and CD24highCD27+ B cells at inclusion than patients that 
did not relapse (Supplementary Figure 4). When the last sample before relapse was 
compared to inclusion samples of non-relapsing patients, lower percentages of 
memory B cells and CD24highCD27+ B cells, as well as higher percentages of naive B 
cells were observed. Moreover in samples before relapse lower numbers of memory 
and CD24highCD27+ B cells were found than in inclusion samples from non-relapsing 
patients. 
Similar to ANCA production, not all relapsing patients demonstrated a consistent 
change before relapse. The changes in B cell subset distribution during follow-up for 
the percentages of naive, memory and CD24highCD27+ B cells in individual patients 
are depicted in Figure 4. 

Changes in ANCA production and B cell subsets over time in 
relapsing versus non-relapsing GPA patients
The difference between the inclusion samples and last sample taken before relapse 
was compared to the difference between inclusion and the 1-year sample in patients 
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Figure 2. Changes in ANCA production in relapsing and non-relapsing GPA patients. Results of all 
measured time points for (A) ANCA titer, (B) in vitro ANCA production in unstimulated culture samples 
and (C) in vitro ANCA production in culture samples stimulated using CpG, BAFF and IL21 for individual 
patients. Graphs on the left represent 16 relapsing patients. Each line represents an individual patient, 
each dot a sampling moment. Graphs on the right represent all non-relapsing patients with at least 3 
samples during follow-up (n=51). Each line represents an individual patient. 
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Figure 3. B cell phenotype. Percentage distribution of the different B cell subsets. (A) Graphs represent 
data of 33 healthy controls and 64 GPA patients.
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Figure 3. B cell phenotype (Continued). (B) Graphs represent data of 64 patients. Results at time of 
inclusion from patients with and without relapse during follow-up and the last sample taken before 
relapse are depicted. Box and whiskers plots (Tukey), boxes represent median values and interquartile 
range. *p<0.05. ***p<0.001.
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Figure 4. Changes in B cell subsets in relapsing GPA patients. Results of all measured time points 
for (A) naive B cells, (B) memory B cells and (C) CD24highCD27+ B cells for individual patients. Graphs 
on the left represent 13 relapsing patients. Each line represents an individual patient, each dot a 
sampling moment. Graphs on the right represent all non-relapsing patients with at least 3 samples 
during follow-up (n=40). Each line represents an individual patient. 
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without a relapse during the study. Three patients relapsed immediately after the 
inclusion sample and could not be included in this analysis. The remaining 13 patients 
relapsed after a mean follow-up of 0.8 years. As mentioned before, no significantly 
differences were observed for ANCA production or the B cell subset distribution at 
time of inclusion. For several markers the change between inclusion and relapse was 
significantly different compared to the change during 1 year of follow-up in patients 
without relapse. Specifically, an increase in ANCA titer and percentage of naive B 
cells occurred prior to relapse, while percentages of memory and CD24highCD27+ 
B cells decreased. These changes were not present in patients without a relapse. 
Moreover, when samples taken before relapse were compared to 1-year samples in 
non-relapsing patients, significantly higher ANCA titers, percentages of naive B cells 
and lower percentages of memory and CD24highCD27+ B cells were found in relapsing 
patients. There was also a higher production of in vitro ANCA in unstimulated culture 
samples before relapse, although the change over time was not significantly different 
from non-relapsing patients (Table 2).  

In vitro PR3-ANCA production does not correlate with B cell 
phenotype
Total IgG production from in vitro stimulated samples correlated positively with the total 
percentage of B cells in culture and in particular with the percentage of memory B cells. 
In contrast, the production of PR3-ANCA IgG in unstimulated or stimulated context did 
not significantly correlate with the total percentage of B cells or any particular B cell 
subset. In vitro production of PR3-ANCA did correlate strongly with ANCA titers (Table 3). 

Discussion
One of the main challenges in the clinical care of GPA patients is to determine which 
patients are at risk for relapse, as no clear predictive factor has been found so far. Here 
we investigated the potential value of monitoring (in vitro) PR3-ANCA production and 
the B cell phenotype in predicting an ensuing relapse in GPA patients. 
Our data indicate that monitoring in vitro ANCA production is not a good biomarker 
for predicting relapse in GPA. On group level in vitro ANCA production in relapsing 
patients was not significantly different from non-relapsing patients, nor was the change 
before relapse. One problem with using in vitro ANCA production to predict relapse 
is the large variation in patient responses. For a number of patients a clear increase of 
in vitro ANCA production was indeed observed prior to relapse. However, there were 
also relapsing patients that remained negative throughout the follow-up period, or 
were positive but relatively stable. This indicates that in vitro ANCA production is not 
a usable marker for relapse in all GPA patients in daily clinical practice. However, this 
measure can still be of potential interest if the right subpopulation of patients can be 
identified. Our analysis did not have sufficient power to make specific sub-analyses, 
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Table 2. Changes in ANCA production and B cell subsets over time.

in vitro ANCA unstim n mean SD median IQR p-value

t=0 no relapse
relapse

68
15

0.76
1.07

1.84
2.47

0.28
0.28

0.16 - 0.65
0.18 - 0.52

0.84

t=1 no relapse
relapse

64
13

1.30
16.84

5.60
54.47

0.35
0.70

0.20 - 0.65
0.26 - 4.71

0.05

Δ0-1 no relapse
relapse

64
13

0.51
15.66

5.10
54.11

0.06
0.34

-0.06 - 0.20
-0.02 - 1.97

0.10

in vitro ANCA stim

t=0 no relapse
relapse

68
15

12.26
22.11

34.22
61.23

0.94
2.68

0.26 - 6.61
0.42 - 12.88

0.19

t=1 no relapse
relapse

64
13

16.17
38.78

35.98
69.63

1.59
7.32

0.43 - 12.28
0.42 - 52.22

0.43

Δ0-1 no relapse
relapse

64
13

3.40
14.94

21.35
59.72

0.20
2.18

-0.37 - 5.28
-0.17 - 5.37

0.51

ANCA titer

t=0 no relapse
relapse

68
15

109.7
146.7

168.6
204.9

40
80

0 - 160
40 - 160

0.20

t=1 no relapse
relapse

64
13

88.4
192.3

136.8
178.8

40
80

0 - 80
80 - 320

0.003

Δ0-1 no relapse
relapse

64
13

-14.4
32.3

84.1
147.8

0
20

-20 - 0
0 - 100

0.04

% memory B cells

t=0 no relapse
relapse

48
13

8.6
6.6

1.2
1.8

12.9
10.4

7.9 - 19.4
7.2 - 15.0

0.26

t=1 no relapse
relapse

46
11

8.7
6.7

16.4
10.6

13.8
9.1

8.9 - 22.9
5.9 - 10.9

0.02

Δ0-1 no relapse
relapse

46
11

2.0
-2.1

3.6
7.5

2.1
-2.2

-0.2 - 4.3
-6.4 - 2.8

0.03

% CD24highCD27+ B cells

t=0 no relapse
relapse

48
13

8.8
5.3

6.4
3.0

6.6
5.2

3.4 - 12.3
3.1 - 7.0

0.18

t=1 no relapse
relapse

46
11

8.9
4.5

6.5
4.0

7.1
3.1

4.1 - 12.7
2.6 - 4.1

0.007

Δ0-1 no relapse
relapse

46
11

0.8
-1.2

2.6
2.8

0.7
-1.6

-0.3 - 2.0
-3.8 - 0.6

0.02

% naive B cells

t=0 no relapse
relapse

48
13

74.7
75.3

7.8
8.9

76.1
75.7

71.1 - 80.4
71.4 - 82.2

0.81

t=1 no relapse
relapse

46
11

73.0
79.6

8.2
6.0

73.4
80.6

66.2 - 79.7
74.5 - 82.9

0.02

Δ0-1 no relapse
relapse

46
11

-1.8
4.9

5.0
8.2

-2.1
4.0

-5.3 - 1.4
-0.7 - 4.9

0.003

ANCA, anti-neutrophil cytoplasmic antibody; IQR, interquartile range; PR3, proteinase 3; SD, standard 
deviation; stim, cell culture samples stimulated with CpG-oligodeoxynucleotides, B cell activating factor and 
interleukin-21; unstim, unstimulated cell culture samples. 
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for example for renal involvement patients only, where ANCA titer was proven more 
accurate for predicting relapse [21]. 
In contrast to in vitro ANCA production, the serum ANCA titer was increased in the 
majority of patients before relapse, and demonstrated an increase over time not seen 
in non-relapsing patients. Moreover, serum ANCA titers are far easier to determine 
than in vitro ANCA production and are often already routinely measured by indirect 
immunofluorescence [22]. However, there were a few patients in our study that did not 
demonstrate an increase in ANCA titer before relapse, and it has been suggested that 
other methods may be more sensitive [23]. Measuring sequential serum samples with 
the Phadia ImmunoCAP system used here may give more reliable results and improve 
the predictive value of serum ANCA titers further. 
The in vitro PR3-ANCA IgG production did not correlate with any specific B cell subset, 
or total B cells in culture. Conversely, stimulated total IgG levels correlated strongly with 
total B cells and specifically with CD27+ memory B cells. This indicates that changes 
in PR3-ANCA IgG are not simply a reflection of changes in total IgG in these patients. 
Moreover, we cannot attribute the autoantibody production to any specific B cell 
subset. It is possible that the B cells mainly responsible for PR3-ANCA production 
have migrated to tissues, which could explain the lack of a clear association between 
in vitro ANCA production and relapse.

Table 3. Association between ANCA production and B cell subsets.

ANCA 
titer

PR3-ANCA 
IgG unstim

PR3-ANCA 
IgG stim

total IgG 
unstim

total IgG 
stim

% B cells spearman’s rho
p-value

0.003
0.984

0.022
0.862

0.225
0.073

0.174
0.169

0.333
0.007

% transitional B cells spearman’s rho
p-value

0.054
0.670

0.150
0.236

0.216
0.087

-0.056
0.662

-0.217
0.086

% naive B cells spearman’s rho
p-value

-0.120
0.343

-0.169
0.182

-0.073
0.567

0.000
0.997

-0.139
0.275

% memory B cells spearman’s rho
p-value

0.079
0.535

0.121
0.342

-0.043
0.738

0.072
0.572

0.275
0.028

% CD24highCD38high B cells spearman’s rho
p-value

0.045
0.724

0.139
0.272

0.208
0.098

-0.092
0.470

-0.246
0.050

%CD24highCD27+ B cells spearman’s rho
p-value

0.080
0.532

0.142
0.262

-0.061
0.632

0.199
0.116

0.369
0.003

ANCA titer spearman’s rho
p-value

0.671
<0.001

0.600
<0.001

-0.096
0.387

0.020
0.853

PR3-ANCA IgG unstim spearman’s rho
p-value

0.151
0.170

0.093
0.402

PR3-ANCA IgG stim spearman’s rho
p-value

0.172
0.119

0.223
0.042

ANCA, anti-neutrophil cytoplasmic antibody; PR3, proteinase 3; stim, cell culture samples stimulated with CpG-
oligodeoxynucleotides, B cell actvating factor and interleukin-21; unstim, unstimulated cell culture samples. 
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With regard to the B cell subset distribution we confirm previously described differences 
between patients in remission and healthy controls [20], with GPA patients having lower 
percentages of memory and CD24highCD27+ B cells and higher percentages of naive B 
cells. Moreover we determined that patients before relapse have a B cell phenotype 
that is more deviant from controls than non-relapsing patients. Prior to relapse patients 
demonstrated increasing percentages of naive cells, and decreasing percentages of 
memory and CD24highCD27+ B cells. 
The decrease in circulating memory B cells and the encompassed regulatory 
CD24highCD27+ subset in relapsing patients can be explained either as depletion of 
these cells or increased migration towards tissues. One possibility is that in relapsing 
patients there is a higher rate of memory B cell differentiation into proliferating 
antibody-secreting plasmablasts. Decreased circulating memory B cells have been 
described in other autoimmune diseases, such as Sjögren’s syndrome [24], where this 
was proposed to be the result of overactive differentiation of memory B cells to plasma 
cells [25]. In rheumatoid arthritis patients the frequency of memory B cells was found 
to be inversely correlated with several chemokines, including CCL19, involved in B cell 
trafficking [26]. It is feasible that the cells responsible for disease activation in GPA are 
primarily present in the tissue and bone marrow, rather than the circulation. It would 
be interesting if this could be confirmed by investigating biopsies and bone marrow 
samples, although such experiments will not result in easy-to-use biomarkers. 
Our B cell phenotype results appear in contrast with recent work that demonstrated 
that a lack of naive B cell repopulation increased the risk for relapse, while no such 
association was found for memory B cells [27]. However, these results were obtained 
from patients after rituximab treatment and cannot be directly compared to our results 
as only nine of our patients had received rituximab in the past. Moreover, our definition 
for naive B cells was different as we excluded the CD38high transitional B cells from this 
population.
Immunosuppressive treatment in patients and particularly the use of rituximab [28] 
makes it difficult to implement the B cell phenotype as a predictive factor for relapse as 
rituximab effectively depletes all B cells from the circulation. We had to exclude almost 
25% of patients from analysis due to lack of sufficient B cells, which is likely an effect 
of previous and current immunosuppressive treatment. Measuring larger numbers of 
lymphocytes to increase B cell numbers in analysis might solve part of this problem.
Concerning the Bregs we detected a decreased presence of CD24highCD27+ B cells in 
relapsing patient samples, while CD24highCD38high B cells were similar between relapsing 
and non-relapsing patients. It should be noted however that none of the putative 
phenotypical descriptions for Bregs have been proven and recently other phenotypes 
including CD5+ B cells [29] and plasmablasts [30, 31] have been proposed as Breg 
populations. As such it may be more informative to measure IL10 producing B cells 
directly. IL10 producing B cells have been described as decreased in both active and 
remission AAV patients [32], only active patients [33] or not decreased compared to 
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controls [20]. Still, it may be interesting to measure IL10 production longitudinally before 
relapse as a measure of B cell regulation. 
There are limitations to our study. The number of relapses detected during follow-up 
was low for drawing definitive conclusions from the study. The variation in time between 
sampling moments in individual patients and time between the last collected sample 
and actual relapse is another point that makes data analysis challenging. In order 
to reduce potential bias related to variation in follow-up time at the group level, we 
matched this time frame for non-relapsing patients to the time before relapse of the 
relapsing group. Finally, while we were mainly interested in changes before relapse, it 
would be interesting to see how these data compare to the actual moment of relapse. 
Nevertheless, interesting observations were made with regard to the B cell subset 
distribution which are valuable for further studies on identifying factors to assist in 
relapse prediction in GPA.
In summary, we report that for a select number of patients a clear increase in in vitro 
PR3-ANCA production was observed, however this is not a useable method to improve 
relapse prediction in GPA patients in daily clinical practice. The majority of GPA patients 
in our study demonstrated an increasing ANCA titer and percentage of naive B cells 
as well as decreasing percentages of memory and CD24highCD27+ B cells prior to 
relapse. To confirm the use of these markers extended longitudinal analysis of sizable 
patient cohorts is warranted. This could also allow for identification of the right patient 
population in which these markers can be implemented. 

Acknowledgements
The authors thank Dr Caroline Roozendaal and Jetske Anema from the Medical 
Immunology department (University Medical Center Groningen) for their assistance 
with PR3-ANCA IgG quantification. We thank Minke Huitema for the technical support 
and Pascalle Evers and Tim Miedema for the total IgG ELISA measurements. 
Research leading to these results has received funding from the Dutch Arthritis foundation 
(Reumafonds project number 11-1-405) and the Jan Kornelis de Cock foundation.

References
1. Jennette JC, Falk RJ: Pathogenesis of 

antineutrophil cytoplasmic autoantibody-

mediated disease. Nat Rev Rheumatol 

2014, 10:463–473.

2. Kallenberg CGM, Stegeman CA, 

Abdulahad WH, Heeringa P: Pathogenesis 

of ANCA-associated vasculitis: new 

possibilities for intervention. Am J Kidney 

Dis 2013, 62:1176–1187.

3. Sanders J-SF, Huitma MG, Kallenberg 
CGM, Stegeman CA: Prediction of 
relapses in PR3-ANCA-associated 
vasculitis by assessing responses of 
ANCA titres to treatment. Rheumatology 
(Oxford) 2006, 45:724–729.

4. Guillevin L, Pagnoux C, Karras A, Khouatra 
C, Aumaître O, Cohen P, Maurier F, 
Decaux O, Ninet J, Gobert P, Quémeneur 
T, Blanchard-Delaunay C, Godmer P, 

79



4

A
N

C
A

 pr
o

d
u

C
tio

N
 A

N
d

 B
 C

ells iN
 r

elA
psiN

g
 g

pA

Puéchal X, Carron P-L, Hatron P-Y, Limal N, 
Hamidou M, Ducret M, Daugas E, Papo T, 
Bonnotte B, Mahr A, Ravaud P, Mouthon L, 
French Vasculitis Study Group: Rituximab 
versus azathioprine for maintenance in 
ANCA-associated vasculitis. N Engl J Med 
2014, 371:1771–1780.

5. de Joode AAE, Sanders JSF, Rutgers A, 
Stegeman CA: Maintenance therapy in 
antineutrophil cytoplasmic antibody-
associated vasculitis: who needs what 
and for how long? Nephrol Dial Transplant 
2015, 30(suppl 1):i150–i158.

6. Pagnoux C, Hogan SL, Chin H, Jennette 
JC, Falk RJ, Guillevin L, Nachman PH: 
Predictors of treatment resistance and 
relapse in antineutrophil cytoplasmic 
antibody-assoc iated smal l -vesse l 
vasculitis: comparison of two independent 
cohorts. Arthritis Rheum 2008, 58:2908–
2918.

7. Stegeman CA, Tervaert JW, Sluiter WJ, 
Manson WL, de Jong PE, Kallenberg CG: 
Association of chronic nasal carriage 
of Staphylococcus aureus and higher 
relapse rates in Wegener granulomatosis. 
Ann Intern Med 1994, 120:12–17.

8. Tomasson G, Grayson PC, Mahr AD, 
Lavalley M, Merkel PA: Value of ANCA 
measurements during remission to 
predict a relapse of ANCA-associated 
vasculitis--a meta-analysis. Rheumatology 
(Oxford) 2012, 51:100–109.

9. Finkielman JD, Merkel PA, Schroeder D, 
Hoffman GS, Spiera R, St Clair EW, Davis 
JC Jr, McCune WJ, Lears AK, Ytterberg SR, 
Hummel AM, Viss MA, Peikert T, Stone JH, 
Specks U: Antiproteinase 3 antineutrophil 
cytoplasmic antibodies and disease 
activity in Wegener granulomatosis. Ann 
Intern Med 2007, 147:611–619.

10. Boomsma MM, Stegeman CA, van der 
Leij MJ, Oost W, Hermans J, Kallenberg 
CG, Limburg PC, Tervaert JW: Prediction 
of relapses in Wegener’s granulomatosis 
by measurement of antineutrophil 
c y toplasmic ant ibody leve ls:  a 
prospective study. Arthritis Rheum 2000, 
43:2025–2033.

11. Tadema H, Abdulahad WH, Lepse N, 
Stegeman CA, Kallenberg CGM, Heeringa 
P: Bacterial DNA motifs trigger ANCA 
production in ANCA-associated vasculitis 
in remission. Rheumatology (Oxford) 2011, 
50:689–696.

12. Lepse N, Land J, Rutgers A, Kallenberg 
CGM, Stegeman CA, Abdulahad WH, 
Heeringa P: Toll-like receptor 9 activation 
enhances B cell activating factor and 
interleukin-21 induced anti-proteinase 
3 autoantibody production in vitro. 
Rheumatology (Oxford) 2016, 55(1):162–72

13. Dumoitier N, Terrier B, London J, Lofek S, 
Mouthon L: Implication of B lymphocytes 
in the pathogenesis of ANCA-associated 
vasculitides. Autoimmun Rev 2015, 
14(11):996-1004.

14. Krumbholz M, Derfuss T, Hohlfeld R, 
Meinl E: B cells and antibodies in multiple 
sclerosis pathogenesis and therapy. Nat 
Rev Neurol 2012, 8:613–623.

15. Blair PA, Noreña LY, Flores-Borja F, Rawlings 
DJ, Isenberg DA, Ehrenstein MR, Mauri C: 
CD19(+)CD24(hi)CD38(hi) B cells exhibit 
regulatory capacity in healthy individuals 
but are functionally impaired in systemic 
Lupus Erythematosus patients. Immunity 
2010, 32:129–140.

16. Iwata Y, Matsushita T, Horikawa M, Dilillo 
DJ, Yanaba K, Venturi GM, Szabolcs PM, 
Bernstein SH, Magro CM, Williams AD, Hall 
RP, St Clair EW, Tedder TF: Characterization 
of a rare IL-10-competent B-cell subset in 
humans that parallels mouse regulatory 
B10 cells. Blood 2011, 117:530–541.

17. Leavitt RY, Fauci AS, Bloch DA, Michel 
BA, Hunder GG, Arend WP, Calabrese 
LH, Fries JF, Lie JT, Lightfoot RW: The 
American College of Rheumatology 1990 
criteria for the classification of Wegener’s 
granulomatosis. Arthritis Rheum 1990, 
33:1101–1107.

18. Jennette JC, Falk RJ, Bacon PA, Basu N, 
Cid MC, Ferrario F, Flores-Suarez LF, Gross 
WL, Guillevin L, Hagen EC, Hoffman GS, 
Jayne DR, Kallenberg CGM, Lamprecht 
P, Langford CA, Luqmani RA, Mahr AD, 
Matteson EL, Merkel PA, Ozen S, Pusey 

80



4

A
N

C
A

 pr
o

d
u

C
tio

N
 A

N
d

 B
 C

ells iN
 r

elA
psiN

g
 g

pA

CD, Rasmussen N, Rees AJ, Scott DGI, 
Specks U, Stone JH, Takahashi K, Watts 
RA: 2012 revised International Chapel Hill 
Consensus Conference Nomenclature of 
Vasculitides. Arthritis Rheum 2013, 65:1–
11.

19. Tervaert JW, Mulder L, Stegeman C, 
Elema J, Huitema M, The H, Kallenberg 
C: Occurrence of autoantibodies to 
human leucocyte elastase in Wegener’s 
granulomatosis and other inflammatory 
disorders. Ann Rheum Dis 1993, 52:115–
120.

20. Lepse N, Abdulahad WH, Rutgers A, 
Kallenberg CGM, Stegeman CA, Heeringa 
P: Altered B cell balance, but unaffected B 
cell capacity to limit monocyte activation 
in anti-neutrophil cytoplasmic antibody-
associated vasculitis in remission. 
Rheumatology (Oxford) 2014, 53:1683–
1692.

21. Kemna MJ, Damoiseaux J, Austen J, 
Winkens B, Peters J, van Paassen P, Cohen 
Tervaert JW: ANCA as a Predictor of 
Relapse: Useful in Patients with Renal 
Involvement But Not in Patients with 
Nonrenal Disease. J Am Soc Nephrol 2015, 
26:537–542.

22. Savige J, Gillis D, Benson E, Davies D, 
Esnault V, Falk RJ, Hagen EC, Jayne 
D, Jennette JC, Paspaliaris B, Pollock 
W, Pusey C, Savage CO, Silvestrini R, 
van der Woude F, Wieslander J, Wiik A: 
International Consensus Statement on 
Testing and Reporting of Antineutrophil 
Cytoplasmic Antibodies (ANCA). Am J 
Clin Pathol 1999, 111:507–513.

23. Tervaert JWC, Damoiseaux J: Fifty years 
of antineutrophil cytoplasmic antibodies 
(ANCA) testing: do we need to revise the 
international consensus statement on 
testing and reporting on ANCA? APMIS 
Suppl 2009:55–59.

24. Bohnhorst JO, Thoen JE, Natvig JB, 
Thompson KM: Significantly depressed 
percentage of CD27+ (memory) B cells 
among peripheral blood B cells in patients 
with primary Sjögren’s syndrome. Scand J 
Immunol 2001, 54:421–427.

25. Bohnhorst JØ, Bjørgan MB, Thoen JE, 
Jonsson R, Natvig JB, Thompson KM: 
Abnormal B cell differentiation in primary 
Sjögren’s syndrome results in a depressed 
percentage of circulating memory B cells 
and elevated levels of soluble CD27 that 
correlate with Serum IgG concentration. 
Clin Immunol 2002, 103:79–88.

26. Sellam J, Rouanet S, Hendel-Chavez H, 
Miceli-Richard C, Combe B, Sibilia J, Le 
Loët X, Tebib J, Jourdan R, Dougados 
M, Taoufik Y, Mariette X: CCL19, a B cell 
chemokine, is related to the decrease of 
blood memory B cells and predicts the 
clinical response to rituximab in patients 
with rheumatoid arthritis. Arthritis Rheum 
2013, 65:2253–2261.

27. Md Yusof MY, Vital EM, Das S, Dass S, 
Arumugakani G, Savic S, Rawstron AC, 
Emery P: Repeat cycles of rituximab on 
clinical relapse in ANCA-associated 
vasculitis: identifying B cell biomarkers for 
relapse to guide retreatment decisions. 
Ann Rheum Dis 2015, 74(9):1734-8

28. McGregor JG, Hogan SL, Kotzen ES, 
Poulton CJ, Hu Y, Negrete-Lopez R, 
Kidd JM, Katsanos SL, Bunch DO, 
Nachman PH, Falk RJ: Rituximab as an 
immunosuppressant in antineutrophil 
c y toplasmic antibody-assoc ia ted 
vasculitis. Nephrol Dial Transplant 2015, 
30 Suppl 1:i123–i131.

29. Bunch DO, McGregor JG, Khandoobhai 
NB, Aybar LT, Burkart ME, Hu Y, Hogan SL, 
Poulton CJ, Berg EA, Falk RJ, Nachman 
PH: Decreased CD5+ B Cells in Active 
ANCA Vasculitis and Relapse after 
Rituximab. Clin J Am Soc Nephrol 2013, 
8:382–391.

30. Matsumoto M, Baba A, Yokota T, Nishikawa 
H, Ohkawa Y, Kayama H, Kallies A, Nutt SL, 
Sakaguchi S, Takeda K, Kurosaki T, Baba 
Y: Interleukin-10-producing plasmablasts 
exert regulatory function in autoimmune 
inflammation. Immunity 2014, 41:1040–
1051.

31. de Masson A, Bouaziz J-D, Le Buanec H, 
Robin M, O’Meara A, Parquet N, Rybojad 
M, Hau E, Monfort J-B, Branchtein M, 

81



4

A
N

C
A

 pr
o

d
u

C
tio

N
 A

N
d

 B
 C

ells iN
 r

elA
psiN

g
 g

pA

Michonneau D, Dessirier V, Sicre de 
Fontbrune F, Bergeron A, Itzykson R, 
Dhédin N, Bengoufa D, Peffault de Latour 
R, Xhaard A, Bagot M, Bensussan A, 
Socié G: CD24hiCD27+ and plasmablast-
like regulatory B cells in human chronic 
graft-versus-host disease. Blood 2015, 
125:1830–1839.

32. Wilde B, Thewissen M, Damoiseaux J, 
Knippenberg S, Hilhorst M, van Paassen P, 
Witzke O, Cohen Tervaert JW: Regulatory 

B cells in ANCA-associated vasculitis. Ann 
Rheum Dis 2013, 72:1416–1419.

33. Aybar LT, McGregor JG, Hogan SL, Hu 
Y, Mendoza CE, Brant EJ, Poulton CJ, 
Henderson CD, Falk RJ, Bunch DO: 
Reduced CD5(+) CD24(hi) CD38(hi) 
and interleukin-10(+) regulatory B cells 
in active anti-neutrophil cytoplasmic 
autoantibody-associated vasculitis permit 
increased circulating autoantibodies. Clin 
Exp Immunol 2015, 180:178–188.

82



4

A
N

C
A

 pr
o

d
u

C
tio

N
 A

N
d

 B
 C

ells iN
 r

elA
psiN

g
 g

pA

Supplementary figure 1. Effect of current treatment on IgG production. Graphs represent data of 
84 GPA patients. Patients were divided based on whether they received immunosuppressive treatment. 
Patients classified as untreated are those that received no immunosuppression at time of sampling, all 
patients had received treatment in the past. All types of immunosuppressive treatment were combined 
in the treated group. (A) total IgG production was decreased in patients currently receiving treatment, 
while (B) PR3-ANCA production was not significantly affected by current treatment. Horizontal lines 
represent median values. *p<0.05, **p<0.01

Supplementary data
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Supplementary figure 2. Gating strategy. Representative flow cytometry plots from a healthy control. 
(A) B cells were gated as CD19+ cells within the lymphocyte population, which had been gated based on 
the forward/side scatter pattern. Within the B cells several subsets were identified. (B) Based on CD27 
and CD38 expression three subsets were distinguished, naive B cells as CD27-CD38-/low, transitional 
B cells as CD27-CD38high and memory B cells as CD27+. (C-D) Two described regulatory B cell subsets 
were defined as respectively CD24highCD27+ or CD24highCD38high B cells.
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Supplementary figure 3. Effect of current treatment on the B cell phenotype. (A-F) Graphs represent 
data of 64 GPA patients. Patients were divided based on whether they received immunosuppressive 
treatment. Patients classified as untreated are those that received no immunosuppression at time of 
sampling, all patients had received treatment in the past. All types of immunosuppressive treatment 
were combined in the treated group. (A) The percentage of total B cells was decreased in patients 
that currently received treatment, while (B-F) the subset distribution was not majorly affected with 
only CD24highCD38high B cells being significantly decreased in treated patients. Box and whiskers plots 
(Tukey), boxes represent median values and interquartile range. *p<0.05, ***p<0.001.
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Supplementary Figure 4. Absolute numbers of B cell subsets in GPA patients. (A-F) Graphs 
represent data of 64 GPA patients. Results at time of inclusion from patients with and without a relapse 
during follow-up and the last sample taken before relapse are depicted. Box and whiskers plots (Tukey), 
boxes represent median values and interquartile range. *p<0.05. 
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Abstract
Objectives
B cells are capable of producing regulatory and effector cytokines. In granulomatosis 
with polyangiitis (GPA) patients skewing of the pro- and anti-inflammatory cytokine 
balance may affect the risk for relapse. This study aimed to investigate differences in 
B cell cytokine production in (relapsing) GPA patients and controls, and determine 
whether this can aid in relapse prediction.

Methods
Thirteen GPA patients with an upcoming relapse were matched with non-relapsing 
patients and healthy controls in a retrospective design. The B cell subset distribution 
was determined from peripheral blood. Cryopreserved peripheral blood mononuclear 
cells were cultured and intracellular B cell production of regulatory (IL10) and effector 
(TNFα, IFNγ, IL2, IL6) cytokines was assessed. Finally, serum markers associated with 
B cell activation (sCD27) and migration (CCL19) were determined. 

Results
GPA patient samples exhibited significantly lower percentages of TNFα+ B cells than 
controls, an effect that was most pronounced in patients about to relapse. B cell capacity 
for IL10 production was similar in patients and controls. No significant differences were 
observed for cytokine production in relapsing and non-relapsing GPA patients. TNFα 
production correlated strongly with IL2, IFNγ and the percentage of memory B cells. 
No change in effector cytokines occurred before relapse, while the percentage of IL10+ 
B cells significantly decreased. GPA patients in remission had increased serum levels 
of CCL19 and sCD27, and sCD27 levels increased upon active disease. 

Conclusions 
While differences in effector B cell cytokine production were observed between 
patients and controls, monitoring this in GPA could not clearly distinguish patients 
about to relapse. Prospective measurements of the regulatory cytokine IL10 may have 
potential for relapse prediction. Memory B cells appear mainly responsible for effector 
cytokine production. Increased migration of these cells could explain the decreased 
presence of TNFα+ B cells in the circulation.
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Introduction
Anti-neutrophil cytoplasmic antibodies (ANCA) are associated with chronic inflammatory 
small vessel vasculitides such as granulomatosis with polyangiitis (GPA). Patients 
with GPA frequently have circulating autoantibodies directed against the neutrophil 
constituent proteinase 3 (PR3) [1]. GPA is a relapsing disorder and while numerous 
risk factors for relapse have been described no good markers are available to predict 
upcoming relapses in individual patients [2, 3]. B cells are important effector cells in 
autoimmune disease pathogenesis, not only as the producers of autoantibodies but 
also as antigen presenting cells and cytokine producers [4]. B cell depletion therapy 
using the anti-CD20 monoclonal antibody rituximab has proven to be an effective 
therapeutic strategy for inducing remission in GPA [5, 6], indicating a pathogenic 
role for these cells. Clinical improvement in rituximab treated patients can precede 
the reduction in autoantibody titers [7], highlighting the importance of antibody 
independent mechanisms of B cells. Moreover, a subset of B cells has been ascribed 
with regulatory function through the production of anti-inflammatory cytokines like 
interleukin (IL)10 [8]. These cells have been termed regulatory B cells (Breg) but no 
commonly accepted phenotypical description exists for this subset. Several proposals 
made to identify Bregs in the circulation by their surface markers include CD24highCD38high 

[9], CD24highCD27+ [10] and CD5+ B cells [11], although Bregs are functionally defined as 
IL10 producing B cells. Several studies have examined IL10 production in patients with 
ANCA associated vasculitis (AAV). Results are inconclusive, as one demonstrated that 
active AAV patients have lower production of IL10 [12], another found decreased IL10 
production in both active and remission patients [13] while the third did not detect 
any differences compared to healthy controls [14]. None of these studies examined 
whether IL10 production changes in individual patients prior to relapse or investigated 
production of other cytokines. This may be relevant since B cells are also capable of 
producing proinflammatory cytokines [15]. For these effector B cells (Beff) numerous 
effects on the immune response have been described in mouse models [16]. Tumour 
necrosis factor (TNF) expressed by B cells promotes T-helper 1 (Th1) differentiation, 
leading to amplification of interferon (IFN)γ production by CD4+ and CD8+ T cells 
[17]. IFNγ produced by B cells could also support Th1 responses [18], and promote 
macrophage activation [19]. B cells can promote Th2 memory responses through 
production of IL2 [20] and produce large quantities of IL6, shown capable of increasing 
disease pathogenesis in experimental autoimmune encephalomyelitis models through 
activation of Th17 cells [7]. Moreover, several cytokines including IL6 and TNFα can 
support the survival of plasma cells [21]. Collectively, these observations indicate that 
cytokine production by B cells might be an important factor in autoimmune disease 
pathogenesis. In GPA patients the Breg and Beff cytokine production may be a factor 
that affects the balance between remission and relapse. However, data on human B cell 
cytokine production in autoimmunity is scarce. In the present study we investigated 
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whether production of pro- and anti-inflammatory cytokines by B cells in GPA patients 
deviates from that in healthy individuals and examined whether analysis of the B cell 
cytokine production profile could help predict upcoming relapses. As B cell cytokine 
production from peripheral cells may be affected by B cell migration and activation, 
markers for these processes were also assessed. 

Patients and Methods
Study population
A cohort of 84 PR3-ANCA positive GPA patients was prospectively monitored for 15-24 
months. Clinical parameters including current therapy were recorded and peripheral 
blood mononuclear cells (PBMCs) and serum samples were stored. During the period 
of sample collection 16 patients relapsed. Relapses were based on clinical judgement 
and had to result in the decision to increase or initiate immunosuppressive therapy. For 
the current study, patients were selected retrospectively based on relapse, availability 
of PBMCs and presence of more than 3% of B cells within the lymphocyte population. 
Thirteen patients were selected and age and sex matched with 13 GPA patients that 
did not relapse for at least 1.5 years and 13 healthy controls. Median time between 
sampling and relapse was 74 (range 14-157) days. For 11 relapsing patients samples 
from an earlier time point in remission were also available, and median time between 
the two samples taken prior to relapse was 98 (range 38-140) days. The diagnosis of GPA 
was based on definitions outlined in the Chapel Hill Consensus Conference [22] and all 
patients fulfilled the classification criteria of the American College of Rheumatology 
[23]. All subjects gave written informed consent according to the Declaration of Helsinki 
and the study was approved by the Medical Ethical Committee of the University Medical 
Center Groningen (METc UMCG 2012/151). Patient and control characteristics are listed 
in Table 1. 

Flow cytometry for analysis of the B cell phenotype
EDTA blood was collected and 100 µl was incubated with anti-human CD19-eFluor450 
(eBioscience, San Diego, CA, USA), CD24-FITC (BD biosciences, Franklin Lakes, NJ, 
USA), CD27-APC-eFluor780 (eBioscience), CD38-PeCy5 (eBioscience), CD5-PerCp-
Cy5.5 (Biolegend, San Diego, CA, USA) or the corresponding isotype controls. 
After 15 minutes cells were treated with FACS Lysing solution (BD Biosciences). 
Samples were measured using an LSR-II flow cytometer (BD biosciences) and data 
were analysed using Kaluza 1.2 flow analysis software (Beckman Coulter, Brea, CA, 
USA). B cells were divided in transitional, memory, naive, CD24highCD38high and 
CD24highCD27+ B cells as described previously [14]. CD5+ B cells were gated on an 
isotype control. 
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Cell culture and intracellular B cell cytokine pattern upon 
in vitro stimulation
PBMC were isolated and stored in RPMI 1640 (Lonzo, Basel, Switzerland) supplemented 
with 50 µg/mL gentamycin (GIBCO, Life Technologies, Grand Island, NY, USA), 10% 
fetal calf serum (FCS, Lonza) and 10% dimethyl sulfoxide. The cryopreserved PBMC 
were thawed, concentrations adjusted to 106 cells/mL in RPMI + 10% FCS and cells were 
seeded in 24 wells flat bottom plates (Corning, NY, USA). Cells were left untreated or 
stimulated using 500 ng/mL CpG-oligodeoxynucleotides (ODN) 2006 (Hycult Biotech, 
Uden, the Netherlands). Culture plates were incubated for 72 hours at 37 °C with 
5% CO2. During the last 5 hours of incubation 50 ng/mL phorbol myristate acetate 
(PMA; Sigma-Aldrich, St Louis, MO, USA), 2mM calcium ionophore (CaI; Sigma-Aldrich) 
and/or 10 µg/mL Brefeldin A (BFA; Sigma-Aldrich) were added to the cell culture. 
Cells were harvested and stained using anti-human CD19-eFluor450 and CD22-
PeCy5 (Biolegend). Subsequently, cells were fixed and permeabilised for intracellular 
staining using a Fix&Perm kit (Invitrogen, Life Technologies, Grand Island, NY, USA) 
and incubated with antibodies against human IL10-PE (Biolegend), TNFα-Alexa Fluor 
488 (BD biosciences), IL6-APC (eBioscience), IL2-PeCy7 (eBioscience) and IFNγ-Alexa 
Fluor 700 (BD biosciences). Samples were measured with an LSR-II flow cytometer 
and data were analysed using Kaluza 1.2. Samples that had not been stimulated with 
PMA and CaI were used as negative controls to set the gates during data analysis. 
Data are presented as the percentage of cytokine positive B cells within the total 
CD19+CD22+ population. 

Enzyme-linked immunosorbent assay (ELISA) for CCL19 and 
soluble CD27
Serum samples from healthy controls and patients had been collected and stored at -80 
°C on the same day as PBMC storage and B cell phenotype analysis. Moreover, from the 
relapsing patients serum samples were available from time of active disease. A Human 
CCL19/MIP-3 beta DuoSet ELISA (R&D Systems, Minneapolis, MN, USA) and a PeliKine 
Compact™ human soluble CD27 ELISA kit (Sanquin, Amsterdam, the Netherlands) were 
performed according to manufacturers’ instructions. CCL19 levels are expressed as pg/
mL and sCD27 levels as units (U)/mL.

Statistical analysis
Statistical analysis was performed using SPSS v22 (IBM Corporation, Chicago, IL, USA) 
and GraphPad Prism v5.0 (GraphPad Software, San Diego, CA, USA). Data are presented 
as median values with interquartile range, unless stated otherwise. For comparison 
between groups the unpaired t-test was applied for data with Gaussian distribution 
and the Mann-Whitney U test was used for data without Gaussian distribution. For 
intra-individual comparison the paired t-test or Wilcoxon matched pairs test were 
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performed for Gaussian and non-Gaussian data, respectively. Correlation analysis was 
done using the Spearman rank correlation coefficient. P-values <0.05 were considered 
statistically significant. 

Results
B cell subset distribution in GPA patients and HC
The B cell subset distribution in GPA patients differed from healthy controls. Specifically, 
GPA patients presented with lower percentages of CD27+ memory B cells (p=0.0014), 
CD24highCD27+ B cells (p<0.001) and higher percentages of naive B cells (p<0.001) than healthy 
controls (Table 1). Relapsing and non-relapsing patients were not significantly different. 

Table 1. GPA patient and healthy control characteristics

HC GPA, no future relapse GPA, future relapse

subjects, n (% male) 13 (46) 13 (46) 13 (46)

Age, mean (range) 55 (44-74) 52 (32-76) 52 (32-75)

PR3-ANCA titer, median (range) 1:40 (0->640) 1:80 (20->640)

Disease duration in years, median (range) 12.6 (5.5-31.5) 15.3 (2.3-24.3)

Number of previous relapses, median (range) 2 (0-5) 5 (1-10)

Time to relapse after sample in days, median 
(range)

n/a 74 (14-157)

Disease form, n (%)

   Localised 0 (0) 0 (0)

   Early systemic 2 (15.4) 2 (15.4)

   Generalised 8 (61.5) 9 (69.2)

   Severe 3 (23.1) 2 (15.4)

Treatment at time of sampling, n (%)

   Aza 1 (7.7) 3 (23.1)

   Pred 1 (7.7) 1 (7.7)

   MMF + pred 2 (15.4) 3 (23.1)

   No immunosuppressive therapy  9 (69.2) 6 (46.2)

B cell phenotype in %, median (range)

   Total CD19+ B cells 12.3 (6.6-22.24) 9.8 (6.3-28.6) 9.9 (3.4-19.9)

   Transitional B cells 10.77 (3.9-17.6) 9.2 (4.8-18.1) 9.3 (3.1-11.7)

   Naive B cells 63.6 (37.4-83.4) 79.0 (74.5-90.1) 79.3 (60.1-85.7)

   Memory B cells 22.4 (6.6-54.0) 8.1 (4.2-29.7) 8.2 (2.3-19.5)

   CD24highCD38high B cells 6.6 (2.2-9.6) 4.6 (2.1-11.8) 5.3 (0.9-8.5)

   CD24highCD27+ B cells 15.5 (3.5-45.4) 3.3 (2.1-24.8) 3.4 (0.7-10.8)

   CD5+ B cells 23.4 (12.1-57.6) 19.8 (12.1-64.2) 18.9 (4.7-49.9)

ANCA, anti-neutrophil cytoplasmic antibody; Aza, azathioprine; GPA, granulomatosis with polyangiitis; HC, 
healthy control; MMF, mycophenolate mofetil; n/a, not applicable; pred, prednisolone.
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Intracellular B cell cytokine pattern in GPA patients and controls
PBMC were cultured with or without CpG for 3 days, followed by a PMA and 
CaI stimulation for 5 hours. In all samples the production of TNFα, IL2, IFNγ, IL6 
and IL10 was determined by flow cytometry (Figure 1). IL10 production was only 
clearly detectable when samples had been stimulated with CpG, without CpG IL10 
was detected in less than 0.5% of B cells. In contrast, for the effector cytokines 
clear positive populations were present both with and without CpG stimulation. 
Simultaneous production of regulatory and effector cytokines was also observed 
in B cells. For example median double positivity for IL10 and TNFα was 20% of the 

Figure 1. Flow cytometry gating example. Representative flow cytometry dot plots of CD19+CD22+ 
B cells. (A) BFA treated samples. (B) PMA and CaI stimulated, BFA treated samples. (C) CpG-ODN 
stimulated, BFA treated samples. (D) CpG-ODN stimulated, PMA and CaI stimulated, BFA treated 
samples. To determine the percentage of B cells positive for cytokine production A and C were used 
as negative controls to set the gates for B and D, respectively. 
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total IL10 positive B cell population, this proportion was similar for GPA patients and 
controls. Moreover, the Beff cytokines IL2, IFNγ and TNFα were regularly produced 
together by B cells. 
In samples not incubated with CpG a lower percentage of TNFα producing B cells 
was present in samples from GPA patients (median 7.3%, interquartile range 5.5-
10.0%) compared to healthy controls (12.3, 8.7-18.8%, p=0.003). Expression of 
the other cytokines was not significantly different between controls and patients, 
although numerically the percentages of B cells positive for IL2 (6.7, 4.7-8.2% in 
HC vs 5.1, 2.7-6.8% in GPA) and IFNγ (6.0, 3.8-6.7% vs 4.2, 3.3-4.9%) were lower in 
patients, while IL6 (21.2, 15.6-26.3% vs 26.2, 20.9-31.1%) appeared mildly increased 
in GPA patients. In samples stimulated with CpG no significant differences were 
observed for B cell production of IL10 between healthy controls (6.7, 3.8-9.7%) 
and GPA patients (6.5, 3.6-9.6%), or for the effector cytokines (data not shown). 
Stimulation with CpG also affected the production of IL6, by inducing a significant 
increase in IL6+ B cells in both patient and control samples (p=0.0014). Furthermore, 
a significant decrease of TNFα+ B cells was seen upon CpG stimulation in healthy 
control samples (p=0.017 ), whereas in patients a more diverse response existed. For 
the remaining analyses results of samples not stimulated with CpG were used, with 
the exception of IL10 results.

Changes in B cell cytokine production before relapse
Samples from patients who were diagnosed with a relapse after sampling were 
compared with samples from patients that had not relapsed for at least 1.5 years 
after sampling. There was no significant difference between patients that did or did 
not relapse with regard to production of the regulatory cytokine IL10. The differences 
we observed in the effector cytokine production for GPA patients and controls were 
most notable in GPA patients that had relapsed after sampling (Figure 2). There were 
fewer TNFα+ B cells in the non-relapsing patient samples (7.9, 5.5-10.0%, p=0.045) 
compared to the control samples, but when comparing relapsing patients (6.7, 
4.6-8.0%, p=0.002) to controls this difference was clearly more pronounced. Relapsing 
patients also appeared to have fewer IL2+ B cells than controls, albeit not significantly 
(3.6, 2.3-7.2%, p=0.058). The same was seen for the increased proportion of IL6+ B 
cells in relapsing patients (27.7, 20.9-35.9%, p=0.10) compared to HC. However, when 
compared directly, the relapsing and non-relapsing patients were not significantly 
different in production of any cytokine. For 11 patients two consecutive samples 
before relapse were available and changes in cytokine production levels could be 
analysed. No clear change in the production of effector cytokines occurred prior to 
relapse (Figure 3A-D), while there was a significant decrease in IL10+ B cells (Figure 3E). 
As there was a discrepancy in the proportion of treated patients in the relapse and non-
relapse groups we compared all patients with current immunosuppressive treatment 
(n=11) to those without (n=15). Percentages of TNFα, IL2 and IFNγ producing cells were 
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Figure 2. B cell cytokine production in (relapsing) GPA patients and controls. PBMCs were cultured 
(A-D) without CpG-ODN and (E) with CpG-ODN. Total percentages of cytokine producing B cells were 
determined within the CD19+CD22+ B cell population. Patients were divided in those that relapsed 
soon after the sampling (future relapse) and those that did not relapse for at least 1.5 years (no future 
relapse). Graphs represent data from 13 relapsing patients, 13 non-relapsing patients and 13 healthy 
controls. Box and whiskers plots (Tukey), boxes represent median values and interquartile range. 
*p<0.05, ***p<0.001.

significantly higher in patients that were currently being treated (Figure 4A-C), as more 
patients were treated in the relapse group this is unlikely to affect the significance of our 
results. IL10 and IL6 production was not significantly different in treated and untreated 
patients (Figure 4 D-E).   

Correlation analysis for the B cell phenotype and cytokine 
production
The results from the correlation analysis for the B cell subset distribution and B cell 
cytokine production are summarised in Table 2. Results are from the combined cohorts 
of GPA patients (n=26) and healthy controls (n=13). The effector cytokines TNFα, 
IL2 and IFNγ correlated strongly with each other. Production of these cytokines, in 
particular TNFα, also demonstrated a strong positive correlation with the percentage 
of circulating CD27+ memory B cells. These results were also observed when GPA 
patients were analysed separately. A positive correlation for the production of IL6 and 
IL10 was detected in CpG stimulated samples. These cytokines did not correlate with 
any specific B cell subset. Interestingly no correlation could be found between the 
production of IL10 and any of the proposed Breg populations.
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Figure 3. Changes in the B cell cytokine production before relapse. For eleven relapsing patients 
two consecutive time points before relapse were analysed simultaneously, to determine whether 
changes in cytokine production occurred prior to relapse. PBMCs were cultured (A-D) without CpG and 
(E) with CpG. Total percentages of cytokine producing B cells were determined within the CD19+CD22+ 
B cell population. Graphs represent data from 11 patients, each connected line represents an individual 
patient. The different symbols indicate the individual patients in each graph. R-1 indicates the sample 
taken closest to relapse and R-2 the sample taken before. *p<0.05.

CCL19 and sCD27 serum levels are increased in GPA patients
As results were obtained using peripheral blood cells, differences in B cell migration 
and activation were investigated by analysing the B cell trafficking chemokine CCL19 
[24, 25] and soluble CD27 serum levels by ELISA. Levels of CCL19 were significantly 
increased in GPA patients in remission (144, 105-281 pg/mL) compared to healthy 
controls (102, 81-131 pg/mL; Figure 5A). When remission patients were divided based 
on future relapse, no significant difference was observed in CCL19 serum levels between 
patients that did (153, 99-402 pg/mL) and did not (142, 105-187 pg/mL) relapse after 
sampling (Figure 5C). Within the relapsing patient group CCL19 levels did not change 
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Table 2. Correlation analysis results

% TNFα+ % IL6+ % IL2+ % IFNγ+ % IL10+

% memory Spearman’s rho
p-value

0,864
< 0,0001

-0,063
0,702

0,586
< 0,0001

0,576
0,0001

0,053
0,747

% CD24highCD38high Spearman’s rho
p-value

-0,237
0,146

-0,292
0,071

-0,364
0,023

-0,168
0,308

0,049
0,768

% CD24highCD27+ Spearman’s rho
p-value

0,834
< 0,0001

-0,115
0,487

0,553
< 0,001

0,467
0,003

0,043
0,797

% CD5+ Spearman’s rho
p-value

-0,199
0,291

0,021
0,914

-0,132
0,488

-0,214
0,257

0,047
0,804

% TNFα+ Spearman’s rho
p-value

-0,012
0,940

0,733
< 0,0001

0,663
< 0,0001

0,237
0,146

% IL6+ Spearman’s rho
p-value

0,100
0,545

0,124
0,451

0,364
0,023

% IL2+ Spearman’s rho
p-value

0,527
0,001

-0,061
0,714

% IFNγ+ Spearman’s rho
p-value

-0,085
0,607

IFN, interferon; IL, interleukin; TNF, tumour necrosis factor. Significant results are indicated in bold text.

Figure 4. Current medication use and B cell cytokine production. (A-E) All GPA patients were divided 
based on whether they were receiving immunosuppressive treatment at time of sampling. Graphs 
represent data of 11 patients that were treated at time of sampling and 15 that were not treated. Box 
and whiskers plots (Tukey), boxes represent median values and interquartile range. *p<0.05.

between the two time points before relapse, or upon active disease (Figure 5E). Serum 
levels of CCL19 did not correlate with the B cell phenotype distribution. 
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Figure 5. Serum CCL19 and sCD27 levels in (relapsing) GPA patients and controls. Serum levels of 
CCL19 and sCD27 were determined by ELISA. (A-B) Patients in remission and with active disease were 
compared to healthy controls. (C-D) Remission patients were divided in those that relapsed soon after 
the sampling (future relapse) and those that did not relapse for at least 1.5 years (no future relapse). Box 
and whiskers plots (Tukey), boxes represent median values and interquartile range. (E-F) The relapsing 
patients were compared for two consecutive time points in remission and the ensuing active disease 
time point. Each line represents an individual patient. *p<0.05, ***p<0.001.

Serum levels of sCD27 were significantly increased in patients in remission 
(255, 216-337 U/mL) and patients with active disease (319, 259-418 U/mL) compared to 
healthy controls (221, 210-251 U/mL; Figure 5B). Concentrations were not different when 
patients were divided in those with (261, 227-360 U/mL) and without (255, 213-407 U/mL) 
an upcoming relapse (Figure 5D). While no clear change in sCD27 levels occurred prior 
to relapse, when patients presented with active disease a significant increase of sCD27 
(median 21%) was observed (Fig 5F). sCD27 serum levels did not correlate with the 
percentage of circulating CD27+ memory cells, or other B cell subsets in remission 
patients and controls. 

Discussion
The antibody independent functions of B cells are of increasing interest. This includes 
the production of both proinflammatory and anti-inflammatory cytokines. In particular 
the production of IL10 and the presence of Bregs in autoimmune disease are currently 
under investigation. Scant information is available about B cell cytokine production 
in patients with GPA, especially Beff cytokine production, and how this may relate to 
an upcoming relapse. Here we describe the B cell cytokine production profile in GPA 
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patients in remission, patients about to relapse and matched healthy controls.
The most prominent result of this analysis is that GPA patients exhibit a significantly 
lower percentage of TNFα producing B cells in the circulation, and this is especially 
visible in patients that are about to relapse. TNFα producing B cells correlated very 
strongly with the presence of CD27+ memory B cells in the circulation. We observed 
here that GPA patients have a decreased proportion of CD27+ memory B cells in 
peripheral blood, confirming our previously described results [14]. Moreover, we have 
found that CD27+ memory B cells are even further decreased in patients prior to 
relapse (unpublished data). In patients with rheumatoid arthritis (RA) CD27+ memory 
B cells had a greater capacity to produce TNFα than naive B cells [26]. It is likely 
that the reduced proportion of CD27+ memory cells in GPA patients [14] explains the 
lower percentage of TNFα producing cells we observe. Both IL2 and IFNγ production 
correlated strongly with the production of TNFα and the percentage of CD27+ memory 
B cells, suggesting that effector B cells produce several proinflammatory cytokines 
simultaneously. 
One potential explanation for the decreased presence of TNFα producing CD27+ 
memory B cells in the circulation is a higher rate of B cell trafficking in GPA patients 
that mainly affects the memory B cells. As a first attempt to investigate this option the 
B cell trafficking chemokine CCL19 was measured in serum samples. CCL19 has been 
described to especially enhance the migration of CD27+ memory B cells [25]. Levels 
of CCL19 were indeed increased in GPA patients compared to controls, suggesting 
that B cell migration is intensified in these patients. In RA patients the level of serum 
CCL19 demonstrated a weak inverse correlation with the frequency of circulating CD27+ 
memory B cells [27] and increased levels of CCL19 were found in synovial tissue [28]. 
Moreover, CCL19 is involved in the formation of ectopic lymphoid structures [24]. We 
did not observe a correlation between CCL19 and the percentage of CD27+ cells in 
the GPA cohort or the healthy controls. However, the correlation described in RA did 
not have a high correlation coefficient, and the number of subjects in our study is 
substantially lower. Increased migration of CD27+ memory B cells is a viable option 
to explain their decreased proportion in the circulation of GPA patients. To prove this 
investigation of tissue biopsies is warranted. Concentrations of CCL19 did not change 
before or at time of relapse, indicating that it cannot distinguish active disease from 
remission, and is not a useful marker to predict relapses.
Soluble CD27 is a marker for both B and T cell activation [29, 30]. Levels of sCD27 
were significantly increased in GPA compared to controls. In contrast to CCL19, the 
concentration of sCD27 in serum significantly increased with active disease. The 
increased levels of sCD27 may be a reflection of lymphocyte activation in GPA, 
which increases upon relapse. While not predictive for disease relapse, sCD27 could 
potentially be a marker for active disease. Another explanation for increased sCD27 
levels is increased shedding of the receptor. Surface CD27 can be cleaved through 
the action of matrix metalloproteinases (MMPs) [31]. As patients with active GPA 
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demonstrate upregulation of several MMPs [32] this could explain the increased sCD27 
in active disease samples. Moreover, the presence of CD27 negative memory B cells has 
been described and it was speculated that the CD27- memory compartment contains 
autoreactive B cells that have downregulated their activation molecules in an attempt 
to limit autoreactivity [33]. While these cells are scarce in healthy individuals, they are 
significantly increased in patients with systemic lupus erythematosus (SLE) [34], and 
serum levels of sCD27 are also increased in SLE patients compared to controls [35]. 
The CD27- B cells could be a source of sCD27 present in the serum, however, as T cells 
can also express CD27 it is not the only possible source. 
With regard to the Breg cytokine IL10 there were no differences in total percentages of 
IL10 producing B cells between controls and (relapsing) patients. This result is in line 
with our previous observations which showed a similar capacity for IL10 production 
by B cells in AAV patients and controls [14]. However, there was a significant decrease 
in IL10 production in individual patients approaching a relapse, indicating that B cell 
regulatory capacity may decrease in individual patients prior to relapse. To fully confirm 
these changes further investigation is warranted.
The production of IL10 did not correlate with any of the proposed surface marker 
phenotypes for Bregs. However, none of these phenotypes have been fully confirmed as 
clear Breg populations. Moreover the stimulation with CpG for three days may affect the 
phenotype of B cells in culture, resulting in a different subset distribution. For one, CpG 
has been described to induce naive B cell proliferation, without causing maturation into 
memory cells [36] and it is capable of prolonging the lifespan of mature-naive B cells in 
vitro [37]. Such changes could help explain a lack of correlation between a phenotype 
analysis in the peripheral blood and cytokine expression after CpG stimulation, 
although one study has shown that 66 hours of CpG stimulation did not significantly 
affect the B cell subset distribution [38]. Regardless, additional phenotypical analysis 
post CpG stimulation may give a clearer picture of which B cells are responsible for 
the production of IL10 in this setting. 
IL10 production did correlate with the production of IL6 in Toll-like receptor (TLR) 9 
activated B cells, even though IL6 is generally regarded as a proinflammatory cytokine 
and overproduction has been related to onset of autoimmunity [39]. Moreover, 
blockade of the IL6 receptor has proven to be an effective therapeutic target in several 
autoimmune diseases, including RA [40] and giant cell arteritis [41]. Marginal zone B 
cells that produced high levels of IL6 in response to TLR4 stimulation simultaneously 
produced increased levels of IL10 [7]. These cytokines can be separated, for example 
calcineurin antagonists were demonstrated to selectively inhibit IL10 release without 
affecting secretion of IL6 in TLR9 stimulated B cells [42]. In addition, we demonstrate 
here that B cells can produce IL10 and TNFα concomitantly, which has been described 
previously with CD24highCD27+ B cells having the largest fraction of TNFα/IL10 dual 
positivity [43]. The capacity of certain B cells to demonstrate both regulatory and 
effector roles indicates that the in vivo context is crucial in determining the B cell 

102



5

B
 c

ell c
y

to
k

in
e pr

o
d

u
c

tio
n

 in
 G

pA

function. While we demonstrate here that GPA patients and healthy individuals have 
a similar capacity for B cell IL10 production after TLR9 activation, differences in the in 
vivo environment could result in different B cell cytokine production profiles.  
In conclusion, GPA patients exhibit a decreased percentage of TNFα producing B 
cells compared to controls. This is most prominent in those patients that are about 
to relapse. However, effector B cell cytokine production could not clearly distinguish 
which patients were about to relapse. IL10 production by B cells did decrease before 
relapse, and monitoring this may have potential for relapse prediction. Production 
of the effector cytokines TNFα, IL2 and IFNγ by B cells is highly correlated with the 
presence of CD27+ B memory cells in the circulation. Increased CCL19 levels suggest 
a higher B cell migration in GPA which may particularly affect memory B cells. The 
resulting changes in the B cell subset distribution in GPA are likely responsible for the 
aberrant proinflammatory cytokine production.
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Abstract
Introduction
Previously, we demonstrated that in the majority of granulomatosis with polyangiitis 
(GPA) patients isolated peripheral blood mononuclear cells (PBMC) can be stimulated 
in vitro to produce PR3-ANCA IgG. The aim of the present study was to investigate 
whether the induced cytokine milieu in vitro is a factor that drives production of 
PR3-ANCA. To this end, we broadly explored cytokine production in relation to in 
vitro PR3-ANCA production and maintenance treatment drugs.

Methods
PBMC from GPA patients and controls were isolated and cultured in presence of 
CpG-ODN, B cell activating factor and interleukin (IL)21 for 12 days. Levels of in vitro 
produced total and PR3-ANCA specific IgG were determined. Subsequently, 29 factors 
were measured in a selection of samples from controls (n=14) and patients positive 
(n=15) and negative (n=15) for in vitro PR3-ANCA production by Luminex. IL10 and IL6 
levels were measured in the entire patient cohort (n=84) in supernatants by ELISA. The 
effect of adding exogenous IL10 or the active metabolites of azathioprine (6MP) and 
mycophenolate mofetil (MPA) to the in vitro ANCA cultures was investigated. Finally, the 
effect of 6MP and MPA on B cell IL10 and TNFα production and plasma cell formation 
was investigated by flow cytometry.  

Results
Luminex results demonstrated large inter-individual variation with regard to the levels 
of cytokine production in vitro. PR3-ANCA IgG production was positively associated 
with several cytokines, including IL6, TNFα and IL10. For IL10 this association was 
confirmed in the larger patient cohort. When added exogenously to cell cultures at 
t=0, IL10 could inhibit the production of PR3-ANCA. Both 6MP and MPA could also 
inhibit the production of PR3-ANCA, as well as inhibit plasma cell formation. Moreover, 
addition of MPA resulted in decreased IL10 production by B cells, while addition of 
6MP affected neither IL10 nor TNFα production.

Conclusion
PR3-ANCA production in vitro is positively associated with production of IL10. However, 
IL10 is also capable of inhibiting PR3-ANCA production. It is possible that the effect of 
IL10 is dependent on timing and the composition of cells in vitro. When added early it 
can act to suppress plasma cell formation and IgG production, whereas when added 
after plasma cell formation IL10 will function as a survival factor for these cells and thus 
increase PR3-ANCA production.
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Introduction
Granulomatosis with polyangiitis (GPA) is part of the anti-neutrophil cytoplasmic 
antibody (ANCA) associated vasculitides (AAV). These are chronic inflammatory 
disorders that mainly affect the small blood vessels in the respiratory tracts and kidneys 
[1]. GPA patients are generally treated with cyclophosphamide and high dose steroid 
treatment to induce remission, and subsequently receive maintenance therapy. The 
latter consists mainly of azathioprine or mycophenolate mofetil (MMF) combined with 
low dose steroids [2]. The majority of patients with GPA present with autoantibodies 
directed against the neutrophil constituent proteinase 3 (PR3) [3]. Presence of ANCA 
can be measured in serum using indirect immunofluorescence and enzyme-linked 
immunosorbent assays, resulting in a serum ANCA titer [4]. ANCA titers have been 
related to disease activity, and in certain cases increase prior to relapse [5]. However, 
the relation between ANCA titer and disease relapse is not strong enough to be used 
in clinical practice [6, 7]. Production of PR3-ANCA can also be induced in vitro, using 
a combination of exogenous and endogenous factors [8], although in vitro responses 
from patient samples show a high level of variability. In some samples high levels of in 
vitro PR3-ANCA IgG are observed, whilst others are negative despite patients having 
a positive serum ANCA titers. 
The mechanisms behind these differences are unclear, but one factor that should be 
considered is the induced production of cytokines. B and T cells can both produce 
pro- and anti-inflammatory cytokines [9, 10], which may affect B cell proliferation, 
differentiation to plasma cells and production of immunoglobulins in vitro. For example, 
interleukin (IL)2 is known to induce B cell proliferation [11], and it can drive activated 
B cells to differentiate towards plasma cells [12]. The cytokines IL5, IL6 and tumour 
necrosis factor (TNF)α have been identified as factors that can support survival of 
isolated and cultured plasma cells [13]. Moreover, IL6 was shown to promote the 
production of immunoglobulins by B cells [14]. Anti-inflammatory cytokines include IL10 
and transforming growth factor (TGF)β, of these IL10 is considered the hallmark cytokine 
of the regulatory B cell (Breg) population [15, 16]. IL10 can suppress the differentiation 
of proinflammatory lymphocytes, for example T helper (Th) 1 cells and Th17 cells [17]. 
Conversely, IL10 has also been identified as a differentiation and survival factor for 
plasma cells, and frequencies of CD138+CD27high cells were significantly decreased 
after inhibition of IL10 signalling [18]. 
Here we broadly explored cytokine production in relation to in vitro PR3-ANCA IgG 
production. Furthermore, we investigated the effect of the two main used maintenance 
treatments, azathioprine and MMF on cytokine production, in vitro PR3-ANCA 
production and plasma cell formation.   
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Patients and Methods
Study population
Eighty-four GPA patients and 33 healthy controls (HC) were included. The diagnosis of 
GPA was based on definitions outlined in the Chapel Hill Consensus Conference and 
patients fulfilled the classification criteria of the American College of Rheumatology 
[19, 20]. All patients were confirmed positive for PR3-ANCA at least once during their 
disease. All subjects gave informed consent and the study was approved by the Medical 
Ethical Committee of the University Medical Center Groningen. 

Quantification of in vitro produced PR3-ANCA specific IgG
Cell isolation, cell culture, and quantification of total IgG and PR3-ANCA IgG was 
performed as previously described [8]. Briefly, lithium-heparinised venous blood was 
obtained from patients and HC. Peripheral blood mononuclear cells (PBMC) were 
isolated using Lymphoprep (Axis-Shield, Oslo, Norway). Cells were resuspended at 
a concentration of 106 cells/mL in Roswell Park Memorial Institute (RPMI) medium 
(Lonza, Basel, Switzerland), supplemented with 50 µg/mL gentamicin (GIBCO, Life 
Technologies, Grand Island, NY, USA) and 10% fetal calf serum (FCS, Lonza) and 
cultured with or without 3.2 μg/mL CpG-ODN 2006 (Hycult Biotech, Uden, the 
Netherlands), 100 ng/mL B cell activating factor (BAFF; PeproTech Inc., Rocky Hill, NJ, 
USA) and 100 ng/mL IL21 (Immunotools, Friesoythe, Germany) at 37°C with 5% CO2. 
After 12 days supernatants were collected and stored at -20°C. Levels of PR3-ANCA 
IgG in the supernatants were measured using Phadia ImmunoCAP 250 analyser with 
EliA PR3S (Thermo Fisher Scientific, Waltham, MA, USA) and are expressed in response 
units (RU)/mL. Cryopreserved PBMC were selected that were known to be positive for in 
vitro PR3-ANCA production. These were cultured as described above with the addition 
of 10 ng/mL recombinant human IL10 (PeproTech), added at the beginning of the 
culture or after six days. Furthermore, either 600 ng/mL 6-mercaptopurine (6MP, active 
metabolite of azathioprine; Sigma-Aldrich, St Louis, MO, USA) or 1µM mycophenolic 
acid (MPA, active metabolite of MMF; Sigma-Aldrich) were added at the beginning of 
the culture.

Enzyme-linked immunosorbent assay (ELISA) for IgG 
Levels of total IgG in the culture supernatants were measured using an in-house ELISA. 
Briefly, 96 wells plates (Corning inc., Corning, NY, USA) were coated with 1.3 μg/mL 
goat anti-human IgG F(ab’)2 fragments (Jackson ImmunoResearch Laboratories Inc., 
West Grove, PA, USA) in PBS. Plates were incubated for 1h with blocking buffer (PBS 
with 0.05% Tween-20 and 2% bovine serum albumin (BSA)). The culture supernatants 
were diluted in PBS with 0.05% Tween-20 and 1% BSA. Purified human IgG (Siemens, 
Marburg, Germany) was used to make a standard curve. Plate-bound IgG was 
detected using mouse-anti-human-IgG-HRP (SouthernBiotech, Birmingham, AL, USA). 
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3,3’,5,5’-tetramethylbenzidine dihydrochloride (TMB; Sigma-Aldrich, St Louis, MO, USA) 
was used as substrate and optical density was read at 450 nm using a microplate 
spectrophotometer (Vmax, Molecular devices, Sunnyvale, CA, USA).

Luminex
From the in vitro PR3-ANCA IgG results a patient group (n=30) was selected for analysis 
of cytokine levels in the culture supernatants. These were the 15 highest individual in 
vitro PR3-ANCA producers, age and sex matched with 15 patients that were negative for 
in vitro PR3-ANCA production and 14 healthy controls. Characteristics of patients and 
controls are listed in Table 1. For all subjects both an unstimulated and a CpG, BAFF and 
IL21 stimulated culture supernatant were included. Levels of granulocyte macrophage 
colony-stimulating factor (GS-MCF), interferon (IFN)α, IFNβ, IFNγ, IL1α, IL1β, IL1RA, IL2, 
IL2R, IL4, IL5, IL6, IL7, IL8, IL9, IL10, IL12-p70, IL13, IL15, IL17A, IL18, IL21, IL22, IL23, 
IL27, IL31, TGFα, TNFα and TNFβ were measured with a Multiplex panel (ProcartaPlex, 
Affymetrix eBioscience, Vienna, Austria) according to the manufacturer’s instructions. 
Samples were measured using the Luminex 100 System (Luminex, Austin, TX, USA) 
and data were analysed with StarStation software, version 2.3 (AppliedCytometry, 
Birmingham, UK). Results are expressed in pg/mL.

ELISA for IL10 and IL6
IL10 and IL6 levels were measured in the entire GPA patient cohort (n=84) by in-house 
ELISA. Patient characteristics are listed in Table 1. The samples measured by Luminex 
were repeated by ELISA to confirm reproducibility of the results. Briefly, 96 wells Costar 
plates were coated with mouse-anti-human IL10 or IL6 (R&D Systems, Minneapolis, 
MN, USA) in PBS overnight. Plates were incubated for 1h with blocking buffer (PBS 
with 0.05% Tween-20 and 2% BSA). Standard curves were made utilising recombinant 
human IL10 or IL6 (R&D). Supernatant samples and standards were diluted in PBS with 
0.05% Tween-20 and 0.2% gelatine and incubated for 2h. Polyclonal goat-anti-human 
IL10 or IL6 detection antibodies (R&D) were incubated for one hour and streptavidin 
poly-HRP for 30 min. Bound product was detected using TMB and optical density was 
read at 450 nm.

B cell intracellular cytokine production
Cryopreserved PBMC from GPA patients and healthy controls were used. Concentrations 
were adjusted to 106 cells/mL in RPMI + 10% FCS and cells were seeded in 24 wells flat 
bottom plates (Corning). Cells were stimulated using 500 ng/mL CpG-ODN and 600 ng/
mL 6MP or 1µM MPA was added. Plates were incubated for 72 hours at 37 °C with 5% 
CO2. During the last five hours of incubation 50 ng/mL phorbol myristate acetate (PMA; 
Sigma-Aldrich), 2mM calcium ionophore (Sigma-Aldrich) and/or 10 µg/mL Brefeldin 
A (BFA; Sigma-Aldrich) were added to the cell culture. Cells were harvested, washed 
with PBS with 5% FCS and stained using anti-human CD19-eFluor450 (eBioscience, 
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Table 1. Patient and control characteristics.

HC

GPA – ANCA- GPA – ANCA+ GPA – ANCA- GPA – ANCA+

Luminex cohort ELISA cohort

Subjects, n (% male) 14 (50) 15 (53.3) 15 (53.3) 49 (40.8) 35 (45.7)

Age, mean (range) 60 (47-67) 60 (30-79) 60 (26-83) 60 (27-80) 60 (27-85)

Unstim in vitro PR3-ANCA,
RU  median (range)

0.12 (0-0.18) 0.12 (0-0.34) 1.6 (0.2-198) 0.18 (0-1.28) 0.72 (0.12-198)

Stim in vitro PR3-ANCA,
RU median (range)

0.28 (0.1-0.4) 0.26 (0-0.42) 53.6 (21-214) 0.28 (0-2.68) 15.06 (2.92-241)

PR3-ANCA titer, median 
(range)

20 (0-80) 160 (0->640) 20 (0-320) 160 (0->640)

Disease duration in years, 
median (range)

8.7 (1.4-28.7) 8.1 (2.5-23.3) 9.7 (0.2-31.6) 9.1 (0.8-42.1)

Number of total relapses, 
median (range)

1 (0-6) 0 (0-10) 1 (0-8) 2 (0-10)

Disease form, n (%)

   Localised 0 (0) 0 (0) 3 (6.1) 0 (0)

   Early systemic 4 (26.7) 0 (0) 10 (20.4) 3 (8.6)

   Generalised 9 (60) 12 (80) 27 (55.1) 28 (80.0)

   Severe 2 (13.3) 3 (20) 9 (18.4) 4 (11.4)

   Renal involvement 6 (40) 12 (80) 24 (49.0) 27 (77.1)

Treatment at time of 
sampling, n (%)

   Aza 2 (13.3) 0 (0) 4 (8.2) 4 (11.4)

   Pred 2 (13.3) 3 (20) 5 (10.2) 5 (14.3)

   Aza + pred 4 (26.7) 2 (13.3) 9 (18.4) 6 (17.1)

   MMF + pred 1 (6.7) 1 (6.7) 6 (12.2) 1 (2.9)

   MTX 0 (0) 0 (0) 0 (0) 1 (2.9)

    No immunosuppressive 
therapy  

6 (40) 9 (60) 25 (51.0) 18 (51.4)

ANCA, anti-neutrophil cytoplasmic antibody; Aza, azathioprine; GPA, granulomatosis with polyangiitis; HC, 
healthy control; MMF, mycophenolate mofetil; MTX, methotrexate; PR3, proteinase 3; pred, prednisolone; 
stim, cell culture supernatant from CpG + B cell activating factor + Interleukin-21 stimulated cultures; unstim, 
unstimulated cell culture supernatants

San Diego, CA, USA) and CD22-PeCy5 (BD Biosciences, San Jose, CA, USA). The cells 
were fixed and permeabilised for intracellular staining using a Fix&Perm kit (Invitrogen, 
Life Technologies, Grand Island, NY, USA) and subsequently incubated with antibodies 
against human IL10-PE (Biolegend, San Diego, CA, USA) and TNFα-Alexa Fluor 488 
(BD biosciences). Samples were analysed using an LSR-II flow cytometer (BD). Data 
were analysed using Kaluza 1.2 flow analysis software (Beckman Coulter, Brea, CA, 
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USA). Samples not stimulated with PMA and calcium ionophore were used as negative 
controls to set the gates during data analysis. Data are presented as the percentage of 
cytokine positive B cells within the total CD19+CD22+ population. 

Plasma cell formation
Freshly isolated PBMCs from healthy controls were cultured in polypropylene tubes, 106 
cells/ml in RPMI + 10% FCS. Cells were cultured with or without 3.2 μg/mL CpG-ODN 
2006 at 37 °C with 5% CO2 for 7 days. Furthermore, either 600 ng/mL 6MP or 1µM MPA 
was added at t=0. Subsequently cells were harvested and stained using anti-human 
CD19-eFluor450, CD22-PeCy5 (Biolegend), CD27-APC-eFluor780 (eBioscience) and 
CD38-PeCy7 (eBioscience). Samples were analysed using an LSR-II flow cytometer. 
Data were analysed using Kaluza 1.2 flow analysis software. CD19+CD22+ B cells with 
a CD27highCD38high phenotype were considered plasma cells.

Statistical analysis
Hierarchical clustering for the Luminex data was performed for cytokines with a median 
concentration of > 10 pg/mL, using Genesis [21] with Pearson correlation as the distance 
metric. Statistical analysis was performed using SPSS v22 (IBM Corporation, Chicago, 
IL, USA) and Graphpad Prism v5.0 (GraphPad Software, San Diego, CA, USA). Data 
were analysed with the D’Agostino & Pearson omnibus normality test for Gaussian 
distribution. For comparison between groups the unpaired t-test was used for data 
with Gaussian distribution and the nonparametric Mann-Whitney U test for data without 
Gaussian distribution. For paired comparisons the unpaired t-test or Wilcoxon matched 
pairs test was performed for Gaussian and non-Gaussian data respectively. Correlation 
analysis was done using the Spearman rank correlation coefficient. Data are presented 
as median values with the interquartile range, unless stated otherwise. P-values <0.05 
were considered statistically significant. 

Results
In vitro PR3-ANCA production
PR3-ANCA IgG levels were determined in samples from 84 GPA patients and 33 healthy 
controls. A positive cut-off was calculated using the mean + 3 times the standard 
deviation of the healthy controls. Samples from 15 patients with high levels of in vitro 
PR3-ANCA IgG production were selected and matched with samples from 15 patients 
that were negative for in vitro PR3-ANCA production and 14 healthy controls. 

Luminex for 12 day cell culture supernatant samples
In the selected unstimulated and CpG, BAFF and IL21 stimulated cell culture 
supernatants 29 factors were determined using a Luminex assay. First, unstimulated 
samples were compared between healthy controls and GPA patients. Levels of 
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a number of factors were significantly higher in healthy control samples than GPA 
patients samples, specifically TNFα (p=0.02), TNFβ (p=0.045), IFNγ (p=0.005), GM-CSF 
(p=0.003), IL2R (p=0.01), IL1RA (p=0.08), IL5 (p=0.003) and IL13 (p=0.008) (Table 2). 
However, no significant differences were observed when samples were divided based 
on in vitro ANCA production in stimulated PBMC.
In samples stimulated with CpG, BAFF and IL21 fewer differences were observed 
between patients and controls, with only TNFβ being significantly higher in control 
samples (p=0.01). Again ANCA positive and negative samples were not significantly 
different for any cytokine measured, although several trends were observed. Samples 
from patients positive for in vitro ANCA production showed higher levels of TNFα, 
IL10, IL6 and IL8 in the culture supernatants (Table 3). Comparing unstimulated and 
stimulated samples, levels of IL10 and IL22 in the supernatants were increased with 
CpG, BAFF and IL21 stimulation in both controls and patients. IFNγ, TNFα and IL6 levels 
were lower with stimulation in control samples but increased in patient samples, while 
IL2R levels demonstrated the exact opposite. 
Hierarchical clustering analysis did not reveal a clear clustering of the two patient 
groups or healthy controls in unstimulated (Figure 1A) or CpG, BAFF and IL21 stimulated 
samples (Figure 1B). 

Associations between cytokine levels and (PR3-ANCA) IgG 
levels
Correlation analysis was performed between those cytokines that were found at a 
median concentration of > 10pg/mL in stimulated samples from GPA patients and 
(PR3-ANCA) IgG levels. This demonstrated several positive correlations between the 
level of PR3-ANCA and levels of IL10, TNFα, IL6 and IL8 in cell culture supernatants. 
When total IgG levels were associated with the cytokine levels positive correlations were 
detected as well, with IL10, TNFβ and TGFα. IL10 was the only cytokine that had a positive 
association with both total and PR3-ANCA specific IgG production in vitro (Table 4). 

Increased IL10 levels in samples positive for PR3-ANCA
IL10 and IL6 levels were measured by ELISA in CpG, BAFF and IL21 stimulated samples 
from 84 GPA patients. As a cut-off value for high PR3-ANCA production 2.8RU was used. 
Levels of IL10 and IL6 were compared for the samples that were measured by Luminex 
and ELISA. Results from these two assays showed strong positive correlation, spearman’s 
rho=0.92, p<0.0001 for both IL10 and IL6 (Figure 2A). However, IL6 results as measured 
by ELISA were considerably lower (median 5-fold) than those from Luminex analysis. 
IL6 levels were not significantly different in samples with high (median 65.5, interquartile 
range 25.4-196.2 pg/mL) and low (49.6, 27.5-136.8 pg/mL) in vitro PR3-ANCA 
production (Figure 2B). Moreover, no correlation between IL6 and PR3-ANCA IgG or 
total IgG levels was detected. IL10 levels were significantly higher in samples from high 
PR3-ANCA producers (476.6, 163.4-791.3 pg/mL) compared to low producers (250.3, 
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Table 2. Cytokine levels in unstimulated culture supernatants

  Controls GPA patients in vitro ANCA  - in vitro ANCA +

GM-CSF 124 (32-395) 13 (0.0-76) 13 (2.0-65) 23 (0.0-84)

IFNα 0.2 (0.0-0.6) 0.0 (0.0-0.3) 0.1 (0.1-1.3) 0.1 (0.1-0.2)

IFNβ 0.3 (0.3-0.6) 0.6 (0.3-1.4) 0.9 (0.6-1.7) 0.6 (0.3-1.2)

IFNγ 574 (82-1652) 22 (5.0-310) 58 (3.8-369) 13 (5.0-331)

IL1α 0.9 (0.6-3.6) 0.6 (0.3-1.5) 0.6 (0.2-0.8) 1.2 (0.4-1.7)

IL1β 1.2 (0.5-2.0) 0.5 (0.2-1.0) 0.7 (0.5-0.7) 0.5 (0.2-1.2)

IL1RA 36200 (9845-46645) 5531 (1327-28605) 9911 (2342-22514) 2935 (1005-32460)

IL2 14 (8.9-17) 8.9 (5.0-19) 12 (5.0-18.8) 8.9 (5.0-19)

IL2R 16333 (870-22843) 342 (77-9394) 422 (77-7838) 195 (103-10804)

IL4 10 (5.1-17) 3.8 (2.0-7.6) 3.9 (2.1-5.6) 3.9 (2.1-8.8)

IL5 45 (6.6-105) 2.8 (1.2-21) 4.4 (1.2-12) 2.3 (1.2-58)

IL6 1197 (79-2811) 96 (15-1436) 98 (14-1056) 91 (20-2326)

IL7 0.3 (0.1-0.6) 0.3 (0.1-0.4) 0.3 (0.1-0.4) 0.3 (0.1-0.4)

IL8 20030 (7325-26714) 11016 (3093-15420) 6197 (2332-15320) 14636 (3259-20209)

IL9 23 (14-51) 21 (14-31) 21 (14-28) 19 (12-37)

IL10 31 (7.2-69) 12 (5.4-41) 14 (5.5-41) 9.5 (5.0-57)

IL12-p70 0.8 (0.4-0.9) 0.2 (0.0-0.4) 0.2 (0.1-0.4) 0.1 (0.1-0.4)

IL13 217 (35-464) 2.7 (0.8-115) 21 (0.8-107) 2.6 (0.8-142)

IL15 1.9 (0.8-2.3) 1.6 (0.8-1.9) 1.2 (0.8-1.6) 1.6 (0.8-2.3)

IL17A 8.7 (3.5-35) 1.7 (0.1-25) 12 (0.4-30) 0.8 (0.4-23)

IL18 32 (15-56) 20 (6.2-37) 20 (6.2-30) 23 (6.1-43)

IL21 20 (8.2-27) 9.1 (7.3-15) 8.2 (6.4-14) 9.1 (7.3-20)

IL22 239 (91-377) 135 (32-181) 135 (47-223) 113 (32-181)

IL23 23 (12-39) 12 (12-25) 12 (12-25) 12 (12-25

IL27 3.8 (2.0-5.6) 2 (2-3.8) 2 (2-4.7) 2 (2-3.8)

IL31 3.3 (1.2-5.9) 2.6 (1.2-5.5) 2.6 (0.8-4.0) 4.0 (1.2-5.5)

TGFα 20 (6.7-26) 8.5 (5.1-20) 12 (5.2-19) 6.4 (4.7-23)

TNFα 96 (24-206) 6.9 (2.7-63) 7.2 (2.7-54) 5.0 (2.7-97)

TNFβ 86 (34-325) 21 (4.8-105) 30 (4.2-105) 15 (5.0-117)

Levels of cytokines measured in unstimulated cell culture supernatant samples (pg/mL). Significant differences 
between patients and controls are indicated in bold text.
ANCA; anti-neutrophil cytoplasmic antibodies, GM-CSF; granulocyte-macrophage colony-stimulating 
factor, GPA; granulomatosis with polyangiitis patients, HC; healthy controls, IFN; interferon, IL; interleukin, 
TGF; transforming growth factor, TNF; tumor necrosis factor

113.8-484.2 pg/mL) (Figure 2B). Supernatant IL10 and PR3-ANCA levels also showed 
a moderate positive correlation (spearman’s rho=0.29, p=0.008) while a stronger 
positive correlation was seen for supernatant IL10 and total IgG production (spearman’s 
rho=0.53, p<0.0001). 
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Table 3. Cytokine levels in CpG, BAFF and IL21 stimulated supernatant samples

  Controls GPA patients in vitro ANCA  - in vitro ANCA +

GM-CSF 10 (4.4-16) 4.9 (2.8-10) 7.7 (2.8-10) 4.9 (2.8-14)

IFNα 0.6 (0.1-4.3) 0.8 (0.4-2.3) 1.3 (0.8-2.3) 0.5 (0.3-1.4)

IFNβ 1.2 (0.6-1.8) 1.7 (1.2-2.2) 1.7 (1.2-3.1) 1.7 (1.2-1.7)

IFNγ 204 (114-596) 87 (36-304) 65 (31-181) 122 (37-374)

IL1α 0.5 (0.2-1.2) 0.6 (0.1-1.2) 0.4 (0.1-1.2) 0.6 (0.2-1.4)

IL1β 1.3 (0.9-2.9) 1.0 (0.7-3.2) 1.0 (0.5-2.2) 1.2 (1.0-3.2)

IL1RA 9047 (5348-19145) 10859 (5215-29243) 10836 (5345-25581) 10883 (3054-29262)

IL2 8.9 (5.0-8.9) 12 (8.9-12) 12 (8.9-14) 8.9 (8.9-12)

IL2R 5825 (3331-9993) 3806 (671-9236) 2974 (658-8002) 5042 (1584-13100)

IL4 3.9 (2.1-6.0) 3.9 (2.1-5.6) 3.9 (2.1-7.2) 3.9 (2.1-5.6)

IL5 3.6 (2.3-3.6) 2.3 (2.3-3.6) 2.3 (2.3-3.4) 2.3 (2.3-4.4)

IL6 225 (122-397) 344 (75-830) 165 (65-605) 474 (91-876)

IL7 0.6 (0.3-0.7) 0.6 (0.4-0.8) 0.6 (0.4-0.7) 0.7 (0.6-0.9)

IL8 16042 (10594-19247) 15958 (6835-24395) 15035 (5277-21834) 22251 (11036-31357)

IL9 24 (21-30) 26 (22-30) 26 (22-34) 26 (22-29)

IL10 222 (151-442) 284 (86-486) 154 (62-314) 367 (154-542)

IL12-p70 0.5 (0.3-0.6) 0.2 (0.1-0.3) 0.3 (0.1-0.3) 0.2 (0.1-0.3)

IL13 1.3 (1.1-1.7) 1.1 (0.8-2.0) 1.1 (0.8-2.0) 1.1 (0.8-2.0)

IL15 1.2 (0.8-2.3) 1.6 (1.6-2.3) 1.6 (0.8-2.3) 1.6 (1.6-2.9)

IL17A 9.9 (2.6-17.5) 6.6 (2.6-19) 8.2 (3.9-23) 5.6 (1.5-18)

IL18 12 (5.9-24) 12 (5.8-21) 9.2 (6.0-20) 15 (4.4-22)

IL21 n/a n/a n/a n/a

IL22 1707 (1477-1863) 1734 (1349-1930) 1812 (1364-1977) 1546 (1291-1773)

IL23 34 (30-41) 39 (30-47) 39 (30-47) 39 (30-47)

IL27 5.6 (5.6-10.8) 5.6 (2.0-11) 5.6 (5.6-16) 5.6 (2.0-11)

IL31 5.5 (4.0-13) 6.2 (4.0-12) 7.0 (4.0-13) 5.5 (5.5-8.5)

TGFα 8.9 (5.8-12) 11 (8.2-14) 11 (8.3-13) 11 (7.7-16)

TNFα 10 (8.4-19) 16 (5.8-31) 10 (5.0-25) 18 (5.8-38)

TNFβ 35 (20-43) 18 (8.9-25) 20 (9.0-24) 18 (8.3-33)

Levels of cytokines measured in CpG, BAFF and IL21 stimulated cell culture supernatant samples (pg/mL). 
Significant differences between patients and controls are indicated in bold text. While there were no significant 
differences between patients positive and negative for in vitro ANCA production, trends are also indicated in 
bold text.
ANCA; anti neutrophil cytoplasmic antibodies, BAFF; B cell activating factor, GM-CSF; granulocyte-
macrophage colony-stimulating factor, GPA; granulomatosis with polyangiitis patients, HC; healthy controls, 
IFN; interferon, IL; interleukin, TGF; transforming growth factor, TNF; tumor necrosis factor
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Figure 1. Hierarchical clustering. Cytokines were selected from Luminex analysis that were clearly 
present in the supernatants, with median concentrations of >10 pg/mL in (A) unstimulated culture 
supernatants and (B) supernatants from CpG, BAFF and IL21 stimulated samples. Hierarchical clustering 
was performed with Pearson correlation as distance metric.  

For 16 patients two supernatant samples were measured, one with high PR3-ANCA 
production and the other negative or with substantially lower production (median 11%, 
range 1-49%). When comparing these two time points, it was observed that the IL10 
production increased concomitantly with the PR3-ANCA IgG levels (Figure 2C). In two 
patients a sharp decrease of IL10 was seen upon increase of PR3-ANCA levels, one of 
these patients subsequently relapsed. 
Patients were then divided on whether they received immunosuppressive treatment 
at time of sampling. Those that were currently treated had significantly lower 
concentrations of IL10 in the cell culture supernatants (Figure 2D). However, as there 
was a similar proportion of treated patients in the ANCA positive (48.6%) and ANCA 
negative (49%) groups, this is unlikely to explain the difference in IL10 production we 
observe.
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Table 4. Associations between (PR3-ANCA) IgG and cytokine production in vitro

Total IgG PR3-ANCA IgG

IL10 ρ
p-value

0.413
0.023

0.432
0.017

TNFα ρ
p-value

0.248
0.186

0.377
0.040

IL6 ρ
p-value

0.247
0.189

0.391
0.032

IL8 ρ
p-value

0.209
0.267

0.410
0.025

TGFα ρ
p-value

0.459
0.011

0.294
0.115

TNFβ ρ
p-value

0.526
0.003

0.158
0.405

In cell culture supernatants stimulated with CpG, BAFF and IL21, cytokines were measured by Luminex assay 
and total and PR3-ANCA specific IgG production determined. Significant correlations are indicated in bold text.
ANCA; anti-neutrophil cytoplasmic antibodies, IL; interleukin, TGF; transforming growth factor, TNF; tumor 
necrosis factor

IL10 can suppress PR3-ANCA IgG in vitro
To determine if IL10 could suppress or increase production of PR3-ANCA exogenous 
IL10 was added to the in vitro ANCA assay, either at the start of cell culture or after 
6 days. When IL10 was added at t=0, a significantly lower production of PR3-ANCA 
IgG was observed on group level (Figure 3A) and a clear majority of patient samples 
responded with a decrease of PR3-ANCA production. When IL10 was added at t=6 days 
more variation in responses was observed, including a strong increase of PR3-ANCA 
production in some patients but overall no significant effect of IL10 on PR3-ANCA 
production was observed (Figure 3B).   

6MP and MPA influence B cell function
The effect of the active metabolites of azathioprine (6MP) and MMF (MPA) on 
several B cell functions was investigated. First, the effect on the production of the 
proinflammatory cytokine TNFα and the anti-inflammatory cytokine IL10 by B cells was 
evaluated. Adding 6MP to the cell culture did not affect IL10 or TNFα production in 
samples from GPA patients or healthy controls. Conversely, addition of MPA resulted 
in significantly decreased production of the regulatory cytokine IL10, while leaving 
TNFα production unaffected (Figure 4A). The same effect was observed in patients 
and controls. Adding 6MP or MPA to cell cultures resulted in a decrease of PR3-ANCA 
production in vitro with MPA having a significantly larger effect (Figure 4B). Similarly 
addition of 6MP significantly decreased the formation of plasma cells, while MPA 
abrogated in vitro plasma cell formation (Figure 4C).

120



6

EffEc
t IL10 o

n
 A

n
c

A
 pr

o
d

u
c

tIo
n

Figure 2. IL10 and IL6 levels in the in vitro ANCA assay supernatants. IL10 and IL6 levels were 
determined in 84 GPA patients by ELISA. (A) Results were compared with those from Luminex analysis. 
(B) Patients were divided in high ANCA producers (> 2.8 Response Units) and low/non ANCA producers. 
(C) For 16 patients two supernatant samples were tested for IL10, one with high and one with low levels 
of PR3-ANCA IgG. Each connected line represents an individual patient. (D) Patients were divided 
based on whether they were currently receiving immunosuppressive therapy. Box and whiskers plots 
(Tukey), boxes represent median values and interquartile range. *p<0.05, ***p<0.001.
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Figure 3. Addition of IL10 to the in vitro ANCA assay. PBMC were cultured for 12 days with CpG-ODN, 
BAFF and IL21 and levels of PR3-ANCA IgG were determined in the culture supernatants. Exogenous 
IL10 was added at (A) t=0 or (B) t=6 days. Each connected line represents an individual patient. *p<0.05.

Figure 4. Effect of treatment of B cell function. (A) PBMC from GPA patients (n=17) and healthy 
controls (n=12) were stimulated with CpG-ODN for 72 hours and production of IL10 and TNFα was 
determined intracellularly in B cells. (B) PBMC from GPA patients (n=7) were cultured for 12 days with 
CpG-ODN, BAFF and IL21 and levels of PR3-ANCA IgG were determined in the culture supernatants. (C) 
PBMC from healthy controls (n=8) were cultured for 7 days with CpG-ODN and percentages of plasma 
cells within the B cell population were determined as CD19+CD27highCD38high cells. 6MP and MPA were 
added once at the start of cell culture. Box and whiskers plots (Tukey), boxes represent median values 
and interquartile range. *p<0.05, **p<0.01, ***p<0.001.
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Discussion
We have previously demonstrated that PBMCs derived from the majority of GPA 

patients can be stimulated to produce PR3-ANCA in vitro.  However, in some patients in 

vitro ANCA production is not detected, despite positive serum ANCA titers. Moreover, 

changes in PR3-ANCA levels can occur over time and patients may become positive or 

negative for in vitro ANCA production. Here, we hypothesised that the cytokine milieu 

induced in vitro upon PBMC stimulation is an important factor in the production of 

total and PR3-ANCA specific IgG. To investigate this, we measured a wide variety of 

cytokines in cell culture supernatants and related this to the production of PR3-ANCA.

The Luminex analysis did not identify any clear differences between samples with high and 

no PR3-ANCA IgG production. However, for this analysis only a small number of patients 

and controls could be included, and the variation between individuals was substantial. 

There were several positive correlations between cytokines and PR3-ANCA production. 

This included several cytokines known to be involved in plasma cell formation and survival, 

IL10, IL6 and TNFα [13, 18]. Interestingly, not all cytokines that showed an association with 

PR3-ANCA IgG production were also associated with the production of total IgG levels. 

In fact, IL10 was the only cytokine to demonstrate a positive correlation with both total 

and PR3-ANCA positive IgG production. These results for IL10 were confirmed in a larger 

cohort, where IL6 did not appear increased in ANCA positive samples. 

Levels of IL6 were much lower when measured by ELISA than by Luminex. The main 

difference here is an additional freeze-thaw cycle for the supernatant samples. It 

appears that this severely affected the concentration of IL6 in the samples. Previous 

investigation has indicated that levels of IL6 are stable in serum after 4 freeze-thaw 

cycles [22]. The effect of multiple freeze-thaw cycles on cytokines levels in culture 

supernatants needs to be further investigated. 

IL10 is currently known for its anti-inflammatory properties, but the presence of high 

levels of IL10 produced in vitro did not appear to suppress the production of (PR3-

ANCA) IgG. Conversely, when exogenous IL10 was added to cell cultures it was capable 

of reducing the production of PR3-ANCA. This effect was most prominent when added 

at the start of culture, with variable responses when added at a later stage. It is possible 

that the effect of IL10 on ANCA depends on the stage of plasma cell formation. When 

present prior to the formation of plasma cells, the formation of these cells may be 

inhibited. However, when plasma cells have already been formed, IL10 may act as a 

survival factor for these cells. To fully investigate the relation between IL10 and plasma 

cells in this culture system, the direct effect of depleting IL10 or adding IL10 at different 

time points on the plasma cell formation process needs to be investigated.   

Using this in vitro culture system for ANCA production, it remains unclear whether 

increased levels of cytokines after 12 days of culture are the result of more production 

or less consumption. PR3-ANCA IgG and total IgG levels will reflect an accumulation 

over time, but this is not necessarily the case for cytokines. The increased IL10 in 
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ANCA positive samples may then also indicate a lack of usage, which could explain the 

increased production of ANCA. Similarly, the higher cytokine levels in samples from 

healthy controls compared to GPA in unstimulated samples could be due to differences 

in either cytokine production or consumption. This could potentially be caused by a 

different activation state of the immune cells from patients, an effect that is no longer 

seen when PBMC from patients and controls are stimulated. 

We observed that in patients on current maintenance treatment the in vitro production 

of IL10 was significantly decreased. Therefore, we investigated the direct effect of the 

active metabolites of the two main used treatment options on cytokine production. 

Aside from IL10, we investigated the proinflammatory cytokine TNFα. While adding 6MP 

affected neither B cell IL10 nor TNFα production in vitro, addition of MPA significantly 

inhibited the production of IL10 by B cells. TNFα production was not affected by MPA, 

resulting in a skewing towards a proinflammatory cytokine environment. MPA also 

abrogated plasma cell formation in vitro and likely as a direct result from this significantly 

inhibited PR3-ANCA production. 6MP similarly, but to a lesser extent, inhibited plasma 

cell formation and PR3-ANCA production, even though IL10 production was not affected. 

The fact that MMF appears to inhibit production of IL10 whereas azathioprine does not is 

especially interesting in the context of the efficacy of these treatments. In a randomised 

controlled trial in AAV patients, treatment with MMF was proven to be less effective 

than azathioprine at maintaining disease remission [23]. It is possible that reduction of 

IL10 levels, and subsequent reduction of regulation may play a role in this difference. 

To further investigate this it would be interesting to compare cytokine production in 

B cells from patients on long-term azathioprine or MMF therapy. Moreover, serum 

IL10 levels could be compared between these patients groups. Finally, other current 

treatment strategies in AAV [24] could similarly be investigated in vitro for their effect 

on B cell cytokine and IgG production. 

In summary, the data presented here indicate that the production of PR3-ANCA IgG is 

associated with cytokines known to be involved plasma cell formation and/or survival. The 

clearest association was seen with IL10. Conversely IL10 was also capable of suppressing 

PR3-ANCA production in vitro. We hypothesise that IL10 has a dual role in the production 

of (PR3-ANCA) IgG. It can exert a regulatory effect and suppress IgG production, but it 

can also increase formation and survival of plasma cells and thus increase IgG production. 

The actual effect will depend on timing and cell composition in vitro. Further research is 

needed to confirm the effect of IL10 on the formation of plasma cells. 
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Abstract
Objectives
Granulomatosis with polyangiitis (GPA) patients are often treated with 
immunosuppressives or B cell depleting therapy. While B cells are involved in GPA 
pathogenesis as precursors of anti-neutrophil cytoplasmic antibody (ANCA) producing 
plasma cells, they can also exert cytokine dependent proinflammatory and regulatory 
functions. In GPA, treatment strategies could be improved by selective targeting of 
the effector function of B cells. Here, we investigated the effect of the Kv1.3 channel 
blocker ShK-186 on effector and regulatory B cell function.

Methods
The distribution of B cell subsets was determined in peripheral blood samples of 33 
GPA patients and 17 matched healthy controls (HC). Peripheral blood mononuclear 
cells (PBMC) from GPA patients and HC were stimulated in vitro with CpG-ODN or a 
combination of CpG-ODN, B cell activating factor (BAFF) and interleukin (IL)21 in the 
presence and absence of ShK-186. The production levels of total IgG and PR3-ANCA 
IgG in culture supernatants were analysed by ELISA and Phadia EliA, respectively. In 
addition, the effect of ShK-186 on B cell proliferation and cytokine production was 
determined by flow cytometry.  

Results
Circulating switched and unswitched memory B cells were relatively decreased in GPA 
patients as compared to HC. Treating stimulated PBMCs with ShK-186 resulted in 
decreased production of both total and PR3-ANCA IgG. Proliferation of B cells was not 
affected by ShK-186. A strong decrease in production of the proinflammatory cytokines 
TNFα, IL2 and IFNγ was observed with ShK-186 treatment. While IL10 production was 
also decreased with ShK-186 treatment in GPA patient samples, this effect was less 
pronounced. As such, ShK-186 modulated the TNFα/IL10 ratio among the B cells, 
resulting in a relative increase in the regulatory B cell pool. 

Conclusions
ShK-186 clearly modulates the effector function of B cells in vitro, by decreasing 
autoantibody production and the release of proinflammatory cytokines. Kv1.3 channel 
blockade may hold promise as a novel therapeutic strategy in GPA and other B cell 
mediated autoimmune disorders.
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Introduction
Granulomatosis with polyangiitis (GPA) is a chronic inflammatory relapsing disorder. 
It is part of the anti-neutrophil cytoplasmic antibody (ANCA) associated vasculitides 
(AAV), which mainly affect the small blood vessels in the lungs and kidneys [1]. GPA 
patients present with autoantibodies which, in the majority of patients, are directed 
against the neutrophil constituent proteinase 3 (PR3) [2]. Several observations suggest 
that PR3-ANCA play an important role in the pathophysiology of GPA. For example, 
leukocytes activated by ANCA release mediators that can injure endothelial cells in 
vitro [3] and activation of neutrophils by ANCA can stimulate the release of neutrophil 
extracellular traps that contain chromatin and proteins including PR3 [4]. 
As B cells are the progenitors of the ANCA producing plasma cells [5], targeting the B cells 
is an interesting therapeutic option for GPA. Currently, patients are usually treated with 
broadly acting immunosuppressives. This strategy consists of cyclophosphamide and 
corticosteroids for induction therapy, often followed by azathioprine or mycophenolate 
mofetil as maintenance treatment [6]. While the introduction of immunosuppressive 
treatment has significantly improved the survival of GPA patients, severe adverse 
events are common, such as high rates of infections, thromboembolic complications 
and drug toxicity [7]. Results from the Wegener’s Granulomatosis Etanercept Trial 
indicated that 15% of damage could be attributed to treatment rather than disease 
[8]. This emphasises the need for more specific and less toxic treatment regimens for 
GPA patients. 
More recently, the anti-CD20 monoclonal antibody rituximab has been approved 
for induction therapy in AAV. Rituximab was found to be non-inferior to standard 
cyclophosphamide treatment for induction of remission [9, 10]. However, it was not 
possible to indicate rituximab as a clearly safer alternative to cyclophosphamide, as 
adverse event rates were similar [11]. Moreover, there is a risk of persistent severe 
hypogammaglobulinemia and associated infections after rituximab treatment, 
necessitating IgG replacement therapy [12]. Rituximab indiscriminately depletes all 
B cells, which may not be ideal as it has become evident that antibody-independent 
functions of B cells are also important in GPA [13]. Certain B cells can exert regulatory 
functions, for example through production of the regulatory cytokine interleukin 
(IL)10 [14, 15]. Conversely, B cells can also produce a variety of effector cytokines 
[16]. Therefore, selective targeting of proinflammatory B cells without impairing the 
regulatory function of B cells may be preferable to targeting all B cells in general. 
As class-switched memory B cells have a higher propensity to undergo plasma cell 
differentiation and are important in the amplification and maintenance of autoimmune 
responses [17], targeting these class-switched memory B cells may hold therapeutic 
promise for autoimmunity diseases in general and for GPA patients in particular.
It has been demonstrated that class-switched memory B cells express a significantly 
higher level of voltage-gated Kv1.3 K+ channels when compared to other B cell subsets. 
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These Kv1.3 channels can serve as a therapeutic target for modulation of class-switched 
memory B cell function [18]. A potent peptide inhibitor of Kv1.3 channels termed 
ShK-186 has been identified and investigated for its modulatory effects on T cells 
[19]. Considering the significant expression of Kv1.3 channels on switched memory 
B cells we hypothesise that blockade of these channels would result in inhibition of 
B cell effector functions. To ascertain this we investigated the effect of Kv1.3 channel 
blockade on B cells in vitro, by determining its effect on ANCA production, B cell 
proliferation, and production of pro- and anti-inflammatory cytokines in GPA patients 
and healthy controls. 

Patients and Methods
Study population
Thirty-three PR3-ANCA positive GPA patients and 17 age and sex matched healthy 
controls (HC) were enrolled in this study. All patients were in clinical remission at time 
of sampling. The majority of patients (n=20) were not treated with immunosuppressives 
at time of sampling, the remaining patients received low-dose maintenance treatment. 
The diagnosis of GPA was based on definitions outlined in the Chapel Hill Consensus 
Conference [20] and all patients fulfilled the classification criteria of the American 
College of Rheumatology [21]. Subjects provided written informed consent and the 
study was approved by the Medical Ethical Committee of the University Medical Center 
Groningen. Characteristics of GPA patients and healthy controls are listed in Table 1.

Table 1. GPA patient and HC characteristics

Healthy controls GPA patients

Subjects, n (% male) 17 (47) 33 (45)

Age, mean (range) 56 (44-74) 56 (26-85)

PR3-ANCA titer, median (range) 1:80 (0->640)

Disease duration in years, median (range) 12.6 (1.6-31.6)

Number of previous relapses, median (range) 2 (0-10)

BVAS, median (range) 0 (0-6)

Treatment at time of sampling, n (%)

  Aza 3 (9.1)

  Aza + pred 1 (3.0)

  Pred 5 (15.2)

  MMF + pred 3 (9.1)

  MTX 1 (3.0)

  No immunosuppressive therapy  20 (60.6)

ANCA, anti-neutrophil cytoplasmic antibody; Aza, azathioprine; BVAS, Birmingham Vasculitis Activity Score; 
GPA, granulomatosis with polyangiitis; MMF, mycophenolate mofetil; MTX, methotrexate; pred, prednisolone.
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Antibodies and reagents
The following conjugated antibodies were used in flow cytometry: anti-human CD19-

eFluor450, anti-human CD27-APC-eFluor780, anti-human IL6-APC and anti-human 

IL2-PeCy7 were purchased from eBioscience (San Diego, CA, USA). Anti-human 

IgD-PE, anti-human CD22-APC, anti-human TNFα-Alexa Fluor 488 and anti-human 

IFNγ-Alexa Fluor 700 were obtained from BD biosciences (Franklin Lakes, NJ, USA). 

Anti-human CD22-PeCy5 and anti-human IL10-PE were purchased from Biolegend 

(San Diego, CA, USA). The appropriate isotype matched control antibodies were 

obtained from eBioscience or BD biosciences. In case of peripheral blood staining, 

samples were lysed with FACS lysing solution from BD biosciences.

Flow cytometry for analysis of the B cell phenotype
Fresh EDTA blood samples from GPA patients and HCs were washed twice with PBS 

+ 1% BSA to remove soluble plasma proteins. Next, 100 µL of the cell suspension was 

stained with anti-human CD19-eFluor450, anti-human IgD-PE, anti-human CD27-APC-

eFluor780 or the corresponding isotype controls. After 15 minutes, cells were fixed 

and erythrocytes were lysed using FACS Lysing solution. Samples were washed and 

measured using an LSR-II flow cytometer (BD biosciences) and data were analysed 

using Kaluza 1.2 flow analysis software (Beckman Coulter, Brea, CA, USA). B cells were 

divided based on their surface expression of IgD and CD27. Results are expressed as 

percentages of total CD19+ B cells.

Induction and measurement of total and PR3-ANCA specific IgG
Cell culture and quantification of total and PR3-ANCA IgG was performed as previously 

described [22] with slight modifications. Peripheral blood mononuclear cells (PBMC) 

were isolated and stored in RPMI 1640 (Lonzo, Basel, Switzerland) supplemented 

with 50 µg/mL gentamycin (GIBCO, Life Technologies, Grand Island, NY, USA), 10% 

fetal calf serum (FCS, Lonza) and 10% dimethyl sulfoxide (DMSO). Cryopreserved 

PBMC were thawed and cell suspensions were adjusted to 106 cells/mL in RPMI + 

10% FCS. Cells were seeded in 48 wells plates (Corning, NY, USA) and stimulated 

with 3.2 μg/mL CpG-oligodeoxynucleotides (ODN) 2006 (Hycult Biotech, Uden, the 

Netherlands), 100 ng/mL B cell activating factor (BAFF; PeproTech Inc., Rocky Hill, 

NJ, USA) and 100 ng/mL IL21 (Immunotools, Friesoythe, Germany) at 37°C with 5% 

CO2, in the presence and absence of 1 nM ShK-186 (Kineta Inc, Seattle, WA, USA). 

After 12 days the culture supernatants were harvested and levels of both total IgG 

and PR3-ANCA IgG were determined using in-house enzyme-linked immunosorbent 

assay (ELISA) and Phadia ImmunoCAP 250 analyser with EliA PR3S (Thermo Fisher 

Scientific, Waltham, MA, USA), respectively. Levels of PR3-ANCA IgG are expressed 

as response units (RU)/mL.
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B cell proliferation assay 
Thawed PBMCs from GPA patients and HCs were stained with 2.5 μg/mL 

carboxyfluorescein diacetate succinimidyl ester (CFSE; Invitrogen, Life Technologies, 

Grand Island, NY, USA). Cells were then cultured at a concentration of 106 cells/mL in 

RPMI + 10% FCS and stimulated using 3.2 μg/mL CpG-ODN 2006, 100 ng/mL BAFF 

and 100 ng/mL IL21, in the presence and absence of 1 nM ShK-186. After 4 days 

of incubation, cells were harvested, washed and labelled with anti-human CD19-

eFluor450, anti-human CD22-APC and propidium iodide (PI; BD biosciences). Samples 

were measured using an LSR-II flow cytometer and data were analysed with Kaluza 1.2 

software. The CFSE staining intensity of unstimulated B cells was used to determine the 

percentage of proliferated B cells. Proliferated B cells are expressed as the percentage 

of B cells that have undergone at least one round of cell division. 

Cell stimulation and measurement of intracellular B cell 
cytokines
Thawed PBMC were seeded in 24 wells flat bottom plates (Corning) at 106 cells/mL in 

RPMI + 10% FCS. Cells were stimulated with 500 ng/mL CpG-ODN 2006, in the presence 

and absence of 1 nM ShK-186. Plates were incubated for 72 hours at 37°C with 5% CO2. 

During the last 5 hours of incubation cells were restimulated with 50 ng/mL phorbol 

myristate acetate (PMA; Sigma-Aldrich, St Louis, MO, USA) and 2mM calcium ionophore 

(Sigma-Aldrich). As a negative control, one sample was kept without restimulation. 

To inhibit cytokine release from cells, 10 µg/mL brefeldin A (BFA; Sigma-Aldrich) was 

added to each sample. Subsequently, cells were harvested, washed with PBS + 5% FCS 

and stained using anti-human CD19-eFluor450 and CD22-PeCy5. Next, cells were fixed, 

washed, permeabilised using an Invitrogen Fix&Perm kit and stained with anti-human 

IL10-PE, anti-human TNFα-Alexa Fluor 488, anti-human IL6-APC, anti-human IL2-PeCy7 

and anti-human IFNγ-Alexa Fluor 700. Samples were measured using an LSR-II flow 

cytometer and data were analysed with Kaluza 1.2. Samples that were not stimulated 

with PMA + calcium ionophore were used as negative controls in order to set gates 

during data analysis. Data are presented as the total percentage of cytokine positive 

cells within the CD19+CD22+ B cell population. 

Statistical analysis
Statistical analysis was performed using SPSS v22 (IBM Corporation, Chicago, IL, 

USA) and Graphpad Prism v5.0 (GraphPad Software, San Diego, CA, USA). Data are 

presented as median values with an interquartile range unless stated otherwise. Data 

were analysed with the D’Agostino & Pearson omnibus normality test for Gaussian 

distribution. For comparison between groups the unpaired t-test was used for data 

with Gaussian distribution and the Mann-Whitney U test for data without Gaussian 

distribution. For paired comparisons the paired t-test or Wilcoxon matched pairs test 
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were applied for Gaussian and non-Gaussian data respectively. Correlation analysis 
was performed using the Spearman rank correlation coefficient. P-values <0.05 were 
considered statistically significant. 

Results
Distribution of circulating B cell subsets in GPA 
To evaluate the distribution of different B cell subsets phenotypic characterisation of 
circulating B cell populations was performed on blood samples from 33 GPA patients 
and 17 matched HCs. B cells were identified using CD19 and surface expression of 
CD27 and IgD was used to distinguish four B cell subsets; IgD+CD27- transitional/
naive B cells, IgD+CD27+ unswitched memory B cells, IgD-CD27+ switched memory 
B cells and IgD-CD27- double negative B cells (Figure 1A). The percentage of double 
negative B cells did not differ between GPA patients (median 4.4, interquartile range 
2.6-6.7%) and HCs (4.5, 2.6-7.8%). An increased proportion of transitional/naive B cells 
was detected in GPA (88, 81-91%) compared to HC (74, 70-84%). Finally, GPA patients 
had lower percentages of both switched (3.4, 2.1-5.5% vs 7.5, 4.5-9.3%) and unswitched 
memory B cells (3.3, 2.4-6.0% vs 9.2, 8.0-14%) compared to HCs (Figure 1B). 

ShK-186 inhibits PR3-ANCA IgG production in vitro 
We next evaluated the effect of Kv1.3 channel blockade on the production of total and 
PR3-ANCA IgG by B cells in vitro. To this end, PBMC from 13 GPA patients and 5 HC 
were cultured in the presence and absence of ShK-186. Addition of 1 nM ShK-186 only 
at the start of the cell culture resulted in a significantly decreased production of total 
IgG (23, 15-40 µg/mL) compared to PBMC cultured without ShK-186 (38, 26-52 µg/mL) 

Figure 1. Phenotypic characterisation of circulating B cell subsets in GPA patients and HCs. (A) Flow 
cytometry gating strategy to distinguish differentiation subsets within peripheral blood CD19+ B cells. 
CD27-IgD+ transitional/naive B cells,  CD27+IgD+ unswitched memory B cells, CD27+IgD- switched 
memory B cells and CD27-IgD- double negative B cells were identified. (B) Relative distribution of 
distinct CD19+ B cells subsets from HCs (open circles) and GPA patients (grey circles). Horizontal lines 
indicate median values. Graphs represent data of 17 HCs and 33 GPA patients. **p<0.01, ***p<0.001
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in HC samples. IgG production from GPA patient samples (17, 11-23 µg/mL) was 
similarly reduced by treatment with 1 nM ShK-186 (11, 8-19 µg/mL) (Figure 2A). The 
effect of ShK-186 on IgG production was dose-dependent (Supplementary Figure 1A). 
Additionally, the PR3-ANCA specific IgG production (40, 20-100 RU/mL) was significantly 
inhibited by ShK-186 (29, 3-120 RU/mL) in GPA samples (Figure 2B). The effect of ShK-186 
appeared to be more pronounced on PR3-ANCA IgG production (median reduction of 
39%) than on total IgG production (23%) in samples from GPA patients. 
Production of total IgG in GPA correlated positively with the presence of IgD-CD27+ 
switched memory B cells (spearman’s rho=0.62, p=0.025 ), while production of 
PR3-ANCA specific IgG did not (spearman’s rho=0.03, p=0.92), nor did production of 
PR3-ANCA IgG correlate with other B cell populations.

Figure 2. ShK-186 inhibits PR3-ANCA production in vitro. (A) IgG production after PBMC stimulation 
with CpG, BAFF and IL21 from 5 HCs (open circles) and 13 GPA patients (grey circles) in the presence 
and absence of 1 nM ShK-186. (B) PR3-ANCA production after PBMC stimulation with CpG, BAFF and 
IL21 from 13 GPA patients in the presence and absence of 1 nM ShK-186. *p<0.05, **p< 0.01

ShK-186 does not affect B cell proliferation
To determine whether the decreased production of IgG and PR3-ANCA upon ShK-186 
treatment occurs due to decreased B cell proliferation, the effect of ShK-186 on B cell 
proliferation was assessed in samples from 11 GPA patients and 5 HC. Stimulation 
of PBMC with CpG, BAFF and IL21 induced proliferation of B cells in GPA patients 
samples (76.6, 68.6-86.2%), and this was not suppressed by addition of 1 nM ShK-186 
(76,6, 67.6-85.0%). The same was seen in HC samples without (68,7, 59.3-76.2%) 
and with 1 nM ShK-186 (69.0, 61.3-76.7%; Figure 3). These data indicate that the 
reduced IgG production upon ShK-186 treatment is not caused by decreased B cell 
proliferation. 
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ShK-186 suppresses proinflammatory cytokine production by 
B cells with minor effect on anti-inflammatory IL10 expression 
In addition to antibody production, B cells can also participate in orchestrating 
the immune response by producing a wide range of pro- and anti-inflammatory 
cytokines. Therefore, it was determined whether cytokine production by circulating 
effector B cells (TNFα, IFNγ, IL2, IL6) or regulatory B cells (IL10) was influenced by 
blockade of the Kv1.3 channel (Figure 4A). Samples from 21 GPA patients and 12 
HC were stimulated in the presence and absence of ShK168 and B cell cytokine 
production was assessed. It appeared that B cells from HC produce higher levels 
of TNFα, IL2 and IFNγ as compared to B cells from GPA patients, whereas levels of 
IL6 and IL10 were similar. As shown in figure 4B, addition of ShK-186 to cell cultures 
significantly reduced the production of TNFα, IL2, IFNγ and IL6 in samples from both 
HCs and GPA patients. The effect of ShK-186 on production of IL2, TNFα and IFNγ 
was dose-dependent in both GPA and HC samples (Supplementary Figure 1B). For 
IL10 no significant effect of ShK-186 was observed in HC samples while in B cells 
from GPA patients a significant reduction was observed (Figure 4B). Remarkably, 
the suppressive effect of ShK-168 on IL6 and IL10 production was less pronounced 
than that on TNFα, IL2 and IFNγ. 
Next, we assessed whether ShK-168 can modulate the ratio of effector B cells to 
regulatory B cells. In this analysis we defined effector B cells as TNFα+IL10- and 
regulatory B cells as TNFα-IL10+ cells. The B effector : B regulatory ratio was significantly 
decreased after treatment with ShK-186 in GPA patients (Figure 4C).

Figure 3. ShK-186 does not affect B cell proliferation. (A) Representative histograms of CFSE labelled 
B cells from one GPA patient showing the effect of 96 h treatment with CpG, BAFF and IL21 on B cell 
proliferation in the presence and absence of 1 nM ShK-186. (B) Percentages of CD19+CD22+ B cells that 
have undergone at least one division after 96 h stimulation with CpG BAFF and IL21 in the presence 
and absence of 1 nM ShK-186 from HCs (open circles) and GPA patients (grey circles). Horizontal lines 
indicate median values. Graphs represent data of 5 HCs and 11 GPA patients.
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Figure 4. Effect of ShK-186 on intracellular cytokine production by circulating B cells. (A) 
Representative flow cytometry dot plots of cytokine production in CD19+CD22+ B cells from a GPA 
patient. Upper panel represents cytokine production after CpG stimulation, lower panel represents 
cytokine production after CpG stimulation in the presence of 1nM ShK-186. (B) Percentages of cytokine 
producing B cells after stimulation with CpG in the presence and absence of 1 nM ShK-186 from HCs 
(upper panel) and GPA patients (lower panel). Horizontal lines indicate median values. Graphs represent 
data of 12 HCs and 21 GPA patients. (C) For all GPA patients the single-positive B cells for either TNFα 
or IL10 were determined in the presence and absence of 1 nM ShK-186 (left panel) and the TNFα/IL10 
ratio was calculated (right panel). *p<0.05, **p< 0.01, ***p< 0.001
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Discussion
GPA is a relatively rare but deadly disease when left untreated. Current treatment is 

unsatisfactory as it includes strong immunosuppressive treatment with many severe 

side effects and is not always effective [23]. Therefore, selective targeting of pathogenic 

pathways may hold therapeutic promise for GPA patients. Given the proposed 

pathogenic role of B cells and ANCA in GPA, total B cell depletion with rituximab 

seems a logical strategy for treatment. However, as a fraction of B cells exert regulatory 

functions, it is important to identify a targeting strategy that can specifically inhibit 

effector functions of B cells, leaving suppressor aspects intact. Here, we evaluated 

the effect of blocking Kv1.3 channels, that are highly expressed by switched memory 

B cells, on (auto)antibody production, proliferation and production of pro- and anti-

inflammatory cytokines in B cells from GPA patients. 

We found that ShK-186 inhibits the production of both total and PR3-ANCA specific 

IgG in B cells from GPA patients. The mechanisms behind this effect are not fully 

understood. It has been shown that Kv1.3 channels on B cells are mainly expressed on 

IgD-CD27+ switched memory B cells [18], and total IgG production in vitro was indeed 

associated with this B cell subset. This association indicates that direct inhibition of 

switched memory B cells may explain the decreased production of total IgG. However, 

production of PR3-ANCA specific IgG was not positively associated with the IgD-CD27+ 

B cell subset. Nevertheless, addition of ShK-186 did result in inhibition of PR3-ANCA 

IgG production. It is possible that the inhibitory effect is indirect, through inhibition of 

T cell activation. Up to date Kv1.3 channel blockade has mainly been investigated for 

its effects on effector memory T cells (TEM) resulting in inhibition of proinflammatory 

cytokine production and proliferation of TEM cells in vitro, with little or no effects on 

other T cell populations [19, 24].  T cell assistance is important for the production 

of immunoglobulins [25], and reduced activity of T cells could affect production of 

IgG. Another option is that Kv1.3 channel blockade reduces the number of plasma 

cells formed in vitro, thus affecting the number of cells producing (PR3-ANCA) IgG. 

However, total B cell proliferation was not affected by ShK-186, so it seems that reduced 

proliferation is not the underlying cause for the lower levels of IgG observed.

Production of cytokines by B cells was also clearly inhibited when samples were treated 

with ShK-186. This effect appeared to be more pronounced on the effector cytokines 

TNFα, IL2 and IFNγ than on the regulatory cytokine IL10. Indeed when the TNFα/

IL10 ratio was determined, this significantly decreased upon treatment with ShK-186. 

The decrease in the TNFα/IL10 ratio suggests that Kv1.3 channel blockade results in 

a relative increase of regulatory B cell phenotype compared to effector B cells. This 

may have positive effects in the treatment of patients with autoimmunity, as ShK-168 

modulates the B cell response towards a suppressive phenotype. 

Results from several mouse models have indicated an important role for IL10 in controlling 

autoimmunity. In experimental autoimmune encephalomyelitis (EAE) absence of IL10 
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production by B cells led to a persistent immune response and lack of recovery in mice 

[26]. In a collagen type II induced arthritis (CIA) model, mice that expressed IL10 under 

the control of an inflammation dependent promoter developed a reduced severity of 

arthritis compared to control mice [27]. Conversely, TNFα has numerous inflammatory 

effects on the immune response, since it can for instance act as a growth factor for 

B cells inducing production of IL1 and IL6, enhance T cell proliferation and promote 

dendritic cell maturation [28]. Inhibition of TNFα by anti-TNF biological agents has 

shown promise in several autoimmune disorders, including rheumatoid arthritis [29] and 

ankylosing spondylitis [30]. Although this therapeutic strategy has also been associated 

with complications which include cases where development of additional autoimmunity 

was observed [31]. Moreover, anti-TNF strategies appear to have limited benefit for 

AAV patients [32, 33].

The importance of targeting memory B cells is highlighted by the (lack of) efficacy of 

new treatment strategies as exemplified by the disappointing results from atacicept 

trials in systemic lupus erythematosus and multiple sclerosis patients [34, 35]. The fusion 

protein atacicept binds BAFF and a proliferation-inducing ligand (APRIL), cytokines 

involved in B cell proliferation and survival. While atacicept targeted mature B cells 

and short-lived plasma cells, the memory B cells were spared [36], and especially 

switched memory B cells appear to be resistant to BAFF depletion [37]. No results 

from BAFF targeted therapy trials are currently available for GPA patients, however, the 

lack of effect on (switched) memory B cells is concerning. The humanised monoclonal 

IL6 receptor antibody tocilizumab was demonstrated to be effective for treatment of 

rheumatoid arthritis patients. One result of tocilizumab treatment was a reduction of 

IgD-CD27+ switched memory B cells [38]. This treatment strategy may be promising 

for GPA, especially since several studies have found increased IL6 levels in active AAV 

patients, and IL6 production has been detected at AAV lesion sites [39]. However, the 

efficacy of tocilizumab has not yet been established in GPA.

In summary, considering the important role of switched memory B cells in autoimmune 

responses, specific targeting of this B cell subset is an interesting option for treatment. 

One method to achieve this is Kv1.3 channel blockade. Here we demonstrate that 

ShK-186 is capable of inhibiting (auto)antibody and proinflammatory cytokine 

production, whereas production of the regulatory cytokine IL10 was less affected. 

Selective targeting of Kv1.3 channels using ShK-186 may hold therapeutic promise 

for GPA.
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Supplementary Figure 1. Dose-dependency. (A) IgG production after PBMC stimulation with CpG, 
BAFF and IL21 from 13 GPA patients in the presence and absence of 0.1 nM and 1 nM ShK-186. (B) 
Percentages of B cells producing TNFα, IL2 and IFNγ after stimulation with CpG in the presence and 
absence of 0.1 nM and 1 nM ShK-186 from HCs (upper panel) and GPA patients (lower panel). Similar 
results were obtained for TNFα and IFNγ. Horizontal lines indicate median values. Graphs represent 
data of 12 HCs and 21 GPA patients. *p<0.05, **p< 0.01, ***p< 0.001

Supplementary data
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Anti-neutrophil cytoplasmic antibody (ANCA) associated vasculitides (AAV) are a 
heterogeneous group of syndromes characterised by small-vessel inflammation and 
involvement of pathogenic autoantibodies. In patients with granulomatosis with 
polyangiitis (GPA) the ANCA are mainly directed against proteinase 3 (PR3) and in 
patients with microscopic polyangiitis (MPA) against myeloperoxidase (MPO) [1]. Both 
PR3 and MPO are localised in the azurophilic granules of neutrophils and the granules 
of monocytes [2, 3]. 
AAV patients generally achieve remission through the use of immunosuppressive 
treatment. Long-term immunosuppressive treatment is associated with toxicity, and 
requires that treatment is tapered in patients. AAV patients suffer from frequent disease 
relapses, often during tapering or after discontinuation of treatment [4]. Each relapse is 
associated with the risk of cumulative damage [5]. For example, every renal relapse is 
associated with a decrease in estimated glomerular filtration rate, a measure of kidney 
function [6]. Therefore, one of the main clinical challenges in AAV is finding accurate 
methods to predict disease relapse. If biomarkers for relapse are identified this could 
allow for timely intervention in patients that are about to relapse. 
Many types of immune cells are involved in AAV disease pathogenesis, including 
neutrophils, B cells and T cells. Recently the role of B cells has received more interest. 
B cells can exert both regulatory and effector functions. Changes in the balance of 
these functions may influence the risk for relapse in patients. Therefore, in this thesis, 
we investigated the B cell phenotype and function in GPA patients and related this to 
relapse risk.  

ANCA as a potential biomarker for relapse
Several observations suggest that ANCA play an essential role in the pathophysiology 
of AAV. As discussed in chapter 2, ANCA are capable of activating neutrophils in 
vitro [7], resulting in the formation of neutrophil extracellular traps [8] and eventually 
in endothelial cell injury [9]. Moreover, several animal models have demonstrated the 
pathogenic role of MPO-ANCA in the development of an MPA phenotype [10, 11]. 
ANCA are generally measured systemically in patient serum by indirect 
immunofluorescence and the resulting ANCA titer has often been related to disease 
activity and the risk for relapse. The overall conclusion has been that monitoring ANCA 
titers alone is insufficient to guide decisions on treatment [12–14]. In chapter 3 we 
describe an alternative method to detect the production of PR3-ANCA in GPA patients. 
A combination of exogenous (CpG-oligondeoxynucleotides) and endogenous (B cell 
activating factor (BAFF) and interleukin (IL)21) factors could induce production of ANCA 
in isolated peripheral blood mononuclear cells (PBMCs) from a substantial proportion 
of GPA patients. These factors synergised in the induction of B cell proliferation and 
induced formation of plasma cells. Moreover, the use of CpG resulted in upregulation 
of receptors for BAFF and IL21. Interestingly, in a number of patients PR3-ANCA 
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production was even detected when PBMC were cultured without stimulation. This 
was seen in a smaller number of patients, but suggests an increased activation status 
of autoantibody producing cells or their precursors.
The ANCA titer is a reflection of accumulated autoantibodies in serum, while an in 
vitro system may reflect the current capacity for ANCA production better and could 
be more accurate for relapse prediction. In chapter 4 we investigated both the ANCA 
titer and in vitro ANCA production in relation to relapse in PR3-ANCA positive GPA 
patients. Eighty-four PR3-ANCA positive GPA patients were prospectively monitored 
for up to two years and 16 relapses were detected during this period. On group level 
we did observe an increase in ANCA titer prior to relapse, although this increase 
was not present in every individual patient. Regarding in vitro ANCA production, 
a number of patients demonstrated a very clear increase before relapse, and this 
was particularly visible in unstimulated cell culture samples. However, this increase 
in in vitro PR3-ANCA before relapse was not significant on group level. Based on 
these data, we can conclude that monitoring in vitro ANCA production cannot 
identify all GPA patients that are about to relapse and this method does not appear 
more accurate for relapse prediction than measuring ANCA titers. Recently it was 
described that the predictive value of ANCA titers was increased when applied 
only to AAV patients that presented with renal involvement [15]. Moreover, newer-
generation methods exist for ANCA measurements in serum that may result in 
more accurate estimations of ANCA levels [16]. Multiple variants of enzyme-linked 
immunosorbent assays (ELISA) have become available, for example the anchor ELISA 
which uses a technique to immobilise PR3 on the ELISA plate surface by employing 
an anchor molecule as a bridge. This technique demonstrated superior sensitivity for 
the detection of PR3 antibodies in GPA patients [17]. Another example is the Phadia 
ImmunoCAP system applied in chapter 4 for cell culture supernatants. In order to 
fully establish the value of (in vitro) ANCA in prediction of relapse in AAV larger 
prospective studies need to be done in order to detect more relapses. Including 
more patients will also allow for specific sub analyses based on clinical parameters, 
and may potentially identify patient groups in which ANCA measurements are more 
applicable for relapse prediction. 
A final point to consider with regard to monitoring ANCA production is that not 
all ANCA may be equally pathogenic. As discussed in chapter 2, one study found 
that for MPO-ANCA epitope specificity appeared to define pathogenicity [18]. Low 
levels of ANCA have been detected in healthy individuals [19], and MPO-ANCA from 
healthy individuals had epitope specificities that were different from those in patients. 
Interestingly, ANCA were also detected in patients that were previously thought to be 
ANCA negative. Further characterisation demonstrated that ANCA in these patients 
were directed at the same epitope that was associated with active disease in MPA 
patients [18]. These data do need to be confirmed by further studies and similar analysis 
of PR3 is warranted. 
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The level of glycosylation is another mechanism that could affect pathogenicity of 
antibodies [20]. The IgG subclasses from active GPA patients are hypoglycosylated 
compared to controls, and a positive correlation has been detected for anti-PR3 specific 
IgG1 galactosylation and the time to remission [21]. Moreover, the ratio between levels 
of sialylated anti-PR3 antibodies and levels of total anti-PR3 antibodies was significantly 
lower in patients with active disease than patients in remission. Desialylation of IgG 
antibodies in GPA patients resulted in a significantly stronger oxidative burst of 
neutrophils than nondesialylated IgG antibodies [22]. 
Collectively, studies defining specific molecular features of the autoantibodies allowing 
for distinguishing pathogenic ANCA from non-pathogenic ANCA may eventually 
increase the value of ANCA measurements for relapse prediction.

B cell phenotype and cytokine production in 
relapsing GPA patients
B cells are clearly involved in the pathogenesis of AAV, as they are the precursors of the 
plasma cells that produce ANCA. However, B cells can exert multiple other functions 
as well, including antigen presentation and production of a variety of pro- and anti-
inflammatory cytokines [23, 24]. As such they may be involved in other pathogenic 
processes as well as in regulation of the immune response. Proinflammatory cytokines 
including tumour necrosis factor (TNF)α and interferon (IFN)γ can for example promote 
T helper-1 (Th1) responses [25, 26], while anti-inflammatory cytokines can suppress the 
immune response. One example of the latter is IL10, known as the signature cytokine for 
the regulatory B cell (Breg) population. Bregs have been described to inhibit production 
of proinflammatory cytokines from monocytes and effector Th cells and support the 
differentiation of regulatory T cells [27].
Based on its surface markers B cells can be divided into several subsets. While 
alterations of B cell subsets have been described in multiple autoimmune diseases, 
it remains unknown whether a specific B cell subset profile is associated with disease 
relapse. Memory B cells can be identified by their expression of CD27, while naive B 
cells lack CD27 [28] and transitional B cells have high expression of CD38 [29]. Multiple 
suggestions have been made to identify Bregs in the circulation based on surface 
marker expression, including CD24highCD38high [30] and CD24highCD27+ B cells [31]. In 
AAV patients, a decreased proportion of memory and CD24highCD27+ B cells and an 
increased percentage of naive B cells was observed compared to healthy controls [32]. 
In chapter 4 we confirm these differences in a larger cohort of GPA patients. What 
we observed further is that patients about to relapse deviate the most from healthy 
controls, with even lower percentages of memory and CD24highCD27+ and higher 
percentages of naive B cells compared to non-relapsing patients. It is unclear whether 
the decrease in CD24highCD27+ B cells is indicative of decreased B cell regulation or 
simply a reflection of decreased total CD27+ B cells.
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We observed in chapter 5 that GPA patients have increased levels of serum CCL19 
compared to healthy controls. CCL19 is a trafficking chemokine that has particularly 
been associated with memory B cell migration [33]. Increased migration of memory 
B cells in GPA patients could explain their decreased presence in the periphery and 
the further decrease in the percentage of memory B cells seen before relapse. To 
fully prove this, tissue biopsy studies are needed to analyse the presence of different 
B cell subsets, including memory B cells, in remission patients and compare this to 
active disease sites, such as the kidneys or lungs. Moreover, we analysed total CD27+ 
memory B cells in chapter 4, a subset that can be further subdivided in class-switched 
and non-switched memory B cells. It would be interesting to analyse differences within 
the memory B cell distribution and determine whether this can improve its value for 
relapse prediction in GPA.
The balance between pro- and anti-inflammatory cytokine production by B cells could 
also affect the risk for relapse in patients with GPA. Therefore, the B cell cytokine 
production profile was assessed in chapter 5 in relapsing patients, non-relapsing 
patients and healthy controls. Significantly fewer B cells from GPA patients were 
producing TNFα compared to controls, which was especially visible in patients before 
relapse. TNFα production correlated positively with other proinflammatory cytokines, 
IL2 and IFNγ, and the presence of memory B cells in vitro. As such, the reduced 
presence of memory B cells in the circulation may explain the decreased percentage 
of TNFα producing B cells. At the moment, data regarding proinflammatory cytokine 
production by B cells in humans is scarce. It would be interesting to determine whether 
other autoimmune diseases where memory B cells were found decreased compared 
to controls, for instance Sjögren’s syndrome [34], display similar differences in effector 
B cell cytokine production as we found for GPA. Moreover, samples from GPA patients 
with active disease should be analysed to determine whether circulating memory B cells 
and TNFα producing B cells decrease further upon relapse. 
The association between TNFα production and memory B cells has been described 
previously. In rheumatoid arthritis (RA) patients TNFα production was threefold 
greater from memory B cells than from naive B cells [35]. From multiple sclerosis (MS) 
patients and controls, naive and memory B cells were sorted and stimulated using 
CD40 engagement and/or B cell receptor (BCR) cross-linking. Proliferation rates upon 
stimulation were similar in the B cell subsets, but cytokine profiles differed. Memory 
B cells produced high levels of TNFα upon dual stimulation while naive B cells produced 
IL10 mainly with CD40 engagement alone [36]. These data suggest the existence of 
distinct roles for naive and memory B cells in immune regulation.
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Regulatory B cells and interleukin-10 
production in GPA. 
In order to investigate the regulatory capacity of B cells, we also determined IL10 
production in chapter 5. No association was observed with this anti-inflammatory 
cytokine and naive B cells in our analyses, nor did we find differences for IL10 
production in B cells from healthy controls, relapsing patients and non-relapsing 
patients. However, in individual patients prior to relapse IL10 production did decrease 
significantly, indicating a certain decrease of regulatory capacity may occur prior to 
relapse. Previous studies have been in disagreement with regard to differences in IL10 
production in AAV patients and HC [32, 37, 38]. We can conclude from our results that 
the potential for IL10 production does not appear to be hampered in GPA patients when 
B cells are stimulated with the Toll-like receptor (TLR) 9 ligand CpG-ODN. However, it 
can be argued that CpG stimulation does not sufficiently simulate the in vivo situation. 
Other methods used to induce IL10 production in B cells include CD40 signalling, used 
as a mimic for receiving help from activated T cells in the absence of specific B cell 
antigens [36]. Addition of CD40L could also further enhance the production of IL10 by 
TLR stimulated B cells [31]. It is possible that different types of stimulation induce IL10 
production through different pathways and in different B cell populations. To determine 
this, multiple methods of IL10 induction should be directly compared and associated 
with a wide array of described B cell surface markers. It also appears that a certain 
degree of plasticity exists with regard to IL10 production in B cells. This is underscored 
by a mouse model using IL10 reporter mice to track regulatory B cell induction and fate. 
In this study it was found that regulatory B cells only transiently expressed IL10 prior 
to terminal differentiation into antibody-secreting plasmablasts and plasma cells [39].
It would be ideal if the Breg could be identified by surface markers, circumventing 
the need for ex vivo stimulation. However, at the moment the Breg remains an elusive 
cell. Different surface markers have been associated with the regulatory phenotype. 
Perhaps the best known phenotypes are the aforementioned CD24highCD38high and 
CD24highCD27+ B cell subsets. An alternatively proposed marker is CD5. In patients 
with active AAV lower percentages of CD5+ B cells were detected, while patients in 
remission were similar to controls [40]. CD5+ B cells correlated positively with the 
CD24highCD38high subset and were shown to be predictive of relapse after treatment 
with rituximab [41]. Furthermore, CD5+ B cells have been shown to produce more IL10 
than CD5- B cells after BCR activation and introduction of CD5 by transfection using 
vectors encoding the full-length CD5 molecule into a CD5- human B cell line activated 
synthesis of IL10 mRNA [42]. CD5+ B cells also express higher levels of the death 
inducing ligand FasL than CD5- B cells, and it has been suggested that these B cells 
may have a specialised regulatory function as so-called killer B cells [43]. 
In addition, plasmablasts have been ascribed with regulatory function. In an experimental 
autoimmune encephalomyelitis (EAE) mouse model IL10 producing plasmablasts were 
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identified, and the EAE phenotype was exacerbated when plasmablasts were lacking. 
In the same study human plasmablasts, particularly CD27int plasmablasts derived from 
naive B cells, were described to preferentially secrete IL10 [44]. A second study found IL10 
production enriched in both CD24highCD27+ B cells and CD27highCD38high plasmablasts [45]. 
Recently the CD24highCD38high B cells were characterised in-depth, using multicolour 
flow cytometry in combination with bioinformatics and functional studies. This analysis 
provided evidence for the existence of different CD24highCD38high transitional B cell subsets 
with unique phenotypic and regulatory functional profiles suggesting that different 
regulatory defects in different autoimmune diseases may be due to altered distributions 
of these subsets. CD27+ transitional B cells could suppress production of proinflammatory 
cytokines and were demonstrated to produce high levels of IL10. However, production of 
IL10 was not restricted to any specific B cell subset [46]. Others have similarly suggested 
that IL10 producing B cells are diffusely scattered throughout the B cell lineage, and are 
not confined to either the memory (IgD+CD27+) or the transitional (CD24high CD38high) B cell 
compartment [47]. We also did not find a positive association between production of IL10 
by B cells and CD24highCD38high, CD24highCD27+ or CD5+ B cells in chapter 5.
To complicate matters further, IL10 independent Breg mechanisms have been described 
[48]. Mice with a B cell deficiency had a significant reduction in the number of peripheral 
regulatory T cells, which was restored by adoptive transfer of B cells. For this result 
glucocorticoid-induced TNF ligand, but not IL10 expression, by B cells was required 
[49]. Signalling through the inhibitory receptor programmed death receptor-1 ( PD-1) 
can inhibit population expansion, cytokine production and cytolytic function of T cells 
[50]. B cells expressing high levels of the ligand PD-L1 can therefore suppress humoral 
responses and antibody production by attenuating T cell activation [51]. Finally, other 
cytokines are important in the negative regulation of immunity, for example IL35. Mice 
with IL35-deficient B cells were unable to recover from EAE. In this model, IL35 was 
mainly produced by CD138+ plasma cells [52]. 
In conclusion, regulatory B cells remain difficult to analyse, as different subsets based 
on differential expression of surface markers have been indicated to produce IL10 
and B cells exhibit regulatory functions by multiple mechanisms. It is possible that no 
specific IL10 producing regulatory B cell subset exists, and IL10 production is induced 
in different B cells through presence of environmental factors.

Associations between ANCA and cytokine 
production
Production of pro- and anti-inflammatory cytokines could influence the production of 
autoantibodies in vitro. In chapter 6 we explored cytokine production in cell culture 
supernatants from GPA patient samples with and without in vitro ANCA production 
and controls. This demonstrated that in vitro ANCA production correlated with several 
cytokines known to be involved in plasma cell formation and survival, including IL10. 
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Moreover, we observed that when in vitro ANCA production increased in individual 
patients, levels of IL10 in these culture supernatants increased concomitantly. These 
data suggest that in samples from certain patients a higher level of plasma cells 
formation and survival occurs, resulting in more PR3-ANCA production. To confirm 
this, plasma cell formation should be investigated at different time points during the 
course of an in vitro ANCA culture. Furthermore, it would be interesting to measure 
circulating plasma cells in GPA patients, based on CD138+ expression, and associate 
this with ANCA production in vitro. In RA patients the production of anti-citrullinated 
protein antibodies (ACPA) in vitro was found to be similar when CD20+ cells were 
depleted, indicating that production ex vivo was dependent on plasmablasts and cells 
from the circulation [53].
Conversely, when IL10 was added exogenously to cell cultures it could inhibit the 
production of PR3-ANCA (chapter 6). This inhibitory effect was strongest when 
IL10 was added directly at the start of cell cultures. As mentioned, aside from its 
regulatory functions IL10 is known as a plasma cell differentiation and survival factor 
[54]. Therefore, the effect of IL10 in this setting may be dependent on both timing and 
the cell composition in vitro. When IL10 is present prior to plasma cell formation it can 
exert a regulatory function, while IL10 added at a later stage may act as a plasma cell 
survival factor. IL10 and other cytokines involved in plasma cell formation could be 
added during different stages of cell cultures to examine their effect on both plasma 
cell formation and ANCA production.

B cell targeted treatment strategies.
The importance of B cells in autoimmune pathogenesis is underscored by the development 
of several therapeutic options that target B cells. In Figure 1, several treatment options 
and their B cell related targets are visualised. The anti-CD20 monoclonal antibody 
rituximab has been investigated and approved as an alternative induction therapy for 
AAV. This B cell depleting treatment was not inferior to cyclophosphamide for inducing 
remission [55, 56]. Moreover, treatment with rituximab has shown promise as maintenance 
therapy, one study found fewer relapses with rituximab than azathioprine while adverse 
event rates were similar [57]. However, rituximab treatment has also been associated 
with increased risk of adverse effects, in particular persistent hypogammaglobulinemia 
which predisposes patients to recurrent infections [58].
There is also interest in strategies aimed at BAFF and a proliferation inducing ligand 
(APRIL). BAFF and APRIL are TNF family members, with roles in modulating lymphocyte 
survival, activation and differentiation [59]. The rationale for such a strategy is that 
autoreactive B cells appear to have a heightened dependency on BAFF, and excessive 
BAFF production can rescue autoreactive B cells from peripheral deletion [60]. 
Moreover, in patients with GPA elevated serum levels of BAFF and APRIL have been 
detected [61, 62], and in inflamed mucosal biopsies activated B cells were present in 
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Figure 1. B cell targets. Treatment strategies are aimed at different targets expressed on B cells, 
or targets with receptors present on B cells. Rituximab targets CD20, present on all stages of B cell 
development except the early pro-B cells and plasma blasts and cells. Belimumab, tabalumab and 
atacicept target the TNF cytokine family members B cell activating factor (BAFF) and a proliferation 
inducing ligand (APRIL). B cells have several receptors for these activating cytokines, BAFF receptor, 
transmembrane activator and calcium modulator and cyclophilin ligand interactor (TACI) and B cell 
maturation antigen (BCMA). Abatacept inhibits costimulatory signalling. Tocilizumab is a monoclonal 
antibody aimed at the interleukin (IL)6 receptor present on B cells, inhibiting IL6 binding to IL6R. Finally, 
ShK-186 targets the Kv1.3 potassium channel, particularly expressed by switched memory B cells.

proximity of the autoantigens, BAFF and APRIL [63]. Treatment with rituximab leads 
to heightened levels of BAFF [64] and may favour autoreactive B cells. Therefore, 
neutralisation of BAFF could be particularly beneficial in rituximab treated patients. 
The anti-BAFF monoclonal antibody belimumab has been approved for treatment 
of systemic lupus erythomatosis (SLE), resulting in improved disease activity scores 
[65, 66]. In addition to belimumab, other BAFF (and APRIL) neutralising therapeutic 
agents have been developed, such as tabalumab [67] and atacicept [68]. While targeting 
BAFF profoundly reduced numbers of naive B cells, it had a markedly smaller effect 
on memory B cells and long-lived plasma cells [69]. Similarly, memory B cells did not 
require APRIL for survival or function [70]. This suggests that essential B cell populations 
involved in autoimmune pathology may be missed with BAFF/APRIL targeted therapy. 
Abatacept is a fusion protein of cytotoxic T-lymphocyte-associated protein 4 (CTLA-
4)-Ig and the immunoglobulin Fc region, which inhibits costimulatory signalling and 
consequently inhibits the activation of T cells. In an open-label study in GPA patients, 
addition of abatacept was well tolerated and associated with high frequency of disease 
remission and prednisone discontinuation [71]. Treatment with abatacept in RA also 
demonstrated a clear effect on B cell function, resulting in decreased serum levels 
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of Ig and decreasing titers of ACPA and rheumatoid factor (RF). Finally, decreased 
percentages of post-switch memory B cells were found after abatacept treatment [72]. 
IL6 receptor inhibition by tocilizumab also affects the B cell compartment. In an open-
label study in RA a significantly reduced frequency of memory B cells and serum 
immunoglobulin levels was detected [73]. Moreover, expression of intracellular TGFβ 
in CD25high B cells was significantly increased in samples from patients treated with 
tocilizumab for 3 months, while expression of the activation marker CD69 was reduced 
[74]. As TGFβ is another immune-regulatory cytokine expressed by B cells, this suggests 
that tocilizumab may influence the B cell regulatory capacity. In patients with RA and 
to a lesser extent in patients with giant cell arteritis, tocilizumab has demonstrated 
benefit [75, 76]. Clinical trials are needed to determine the efficacy of these types of 
treatment in patients with AAV.
Considering the multiple regulatory mechanisms associated with B cells it remains 
a question whether indiscriminately targeting B cells, as rituximab does, is the best 
treatment option. Specifically targeting the effector B cells would leave regulatory 
mechanisms intact. The voltage-gated potassium channel Kv1.3 is highly present on 
IgD-CD27+ switched memory B cells, while naive and IgD+CD27+ B cells express low 
levels of this specific channel [77]. Switched memory B cells have been described to 
be primarily responsible for proinflammatory cytokine production [36], and they can 
differentiate into (auto)antibody producing plasma cells [78]. The effect of Kv1.3 channel 
blockade has mainly been described in T cells, as this channel is also highly expressed 
by effector memory T cells upon activation [79]. Specific Kv1.3 inhibitors have been 
effective in several animal models of immune-mediated inflammation, including anti-
glomerular basement membrane glomerulonephritis [80]. 
In chapter 7 we examined the effect of Kv1.3 channel blockade on different B cell 
functions. It was observed that treating PBMCs with a specific Kv1.3 channel blocker 
resulted in decreased production of both total and PR3-ANCA specific IgG. This 
reduction was not the result of decreased proliferation of total B cells. Moreover, Kv1.3 
channel blockade resulted in a significant reduction of B cell cytokine production. This 
effect was particularly pronounced on the proinflammatory cytokines TNFα, IL2 and 
IFNγ, while the effect on IL10 was substantially less prominent. As such the TNFα/IL10 
ratio was significantly decreased with this treatment strategy, indicating that Kv1.3 
channel blockade may lead to a relative increase of B cells producing anti-inflammatory 
cytokines. While the effects we observed were on B cells, they may be the indirect result 
of decreased T cell activation as PBMC cultures were performed. While the stimulation 
in vitro was specifically aimed at B cells, T cell related effects cannot be excluded as for 
example T cell help is required in the production of IgG [81]. To fully elucidate the direct 
effect on B cells experiments with sorted B cells need to be performed. Furthermore 
it would be interesting to determine the effect of Shk-186 on B cell function in vivo 
by using animal models. Targeting both effector B and T cells makes Kv1.3 channel 
blockade an intriguing treatment option for AAV, as well as other autoimmune diseases. 
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Concluding remarks
In this thesis we demonstrate several alterations with regard to B cell function and 

phenotype in GPA patients compared to healthy controls. Moreover, these differences 

appear to be most pronounced in patients prior to disease relapse. B cell related markers, 

particularly the B cell subset distribution, are promising with regard to identification of 

patients that are at increased risk for disease relapse. Further improvement is needed 

as we have not identified a biomarker that can be directly applied in daily clinical 

practice. Future investigations could focus on measuring ANCA with newer methods 

and attempting to focus specifically on pathogenic ANCA. Finally, investigation of the 

regulatory function of B cells may be more informative than focusing on phenotypic 

identification. Especially the regulatory capacity of B cells beyond the production of 

IL10 requires more attention. 
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Achtergrond
Vasculitis is een verzamelnaam die gebruikt wordt voor ziektes waarbij de 
bloedvaatwanden ontstoken zijn. Binnen de vasculitis bestaat er een subgroep van 
ziektebeelden die gekenmerkt zijn door de aanwezigheid van autoantilichamen, anti-
neutrofiele cytoplasma antilichaam (ANCA) geassocieerde vasculitis (AAV). Deze 
term omvat onder andere granulomatose met polyangiitis (GPA) en microscopische 
polyangiitis (MPA). Bij GPA en MPA zijn de aanwezige ANCA gericht tegen eiwitten 
in de neutrofiele granulocyten en monocyten, genaamd proteinase 3 (PR3) en 
myeloperoxidase (MPO). Deze systemische auto-immuun syndromen tasten met name 
de kleine bloedvaten aan, welke zich bijvoorbeeld bevinden in de nieren en de longen. 
Door de vaatontsteking raakt de bloedtoevoer belemmerd, en daarmee de aanvoer van 
essentiële stoffen. Dit kan leiden tot necrose, een vorm van celdood, in weefsels. Bij 
necrose komt de inhoud van de cel vrij, welke de omliggende cellen kan aantasten. Ook 
de immuuncellen die aangetrokken worden door dit proces kunnen schade berokkenen 
aan de omgeving. 
AAV kan zich in verschillende organen voor het eerst manifesteren en leidt vaak in 
eerste instantie tot algemene klachten zoals vermoeidheid en koorts. Daarnaast zijn het 
zeldzame aandoeningen, zo komt GPA slechts voor in 1 : 8000 inwoners. Als zodanig 
wordt AAV niet altijd snel gediagnosticeerd. Eén van de belangrijkste stappen in het 
stellen van een diagnose is het meten van ANCA in het bloed. In de meerderheid van 
de patiënten met GPA komen PR3-ANCA voor, terwijl het bij MPA meestal MPO-ANCA 
zijn. Daarnaast wordt er een biopt genomen, waarbij een stukje aangetast weefsel 
wordt weggenomen voor analyse. Bij AAV begint de behandeling doorgaans met 
een combinatie van prednison, een bijnierschorshormoon met ontstekingsremmende 
werking, en cyclofosfamide dat het immuunsysteem onderdrukt. Cyclofosfamide is een 
agressieve behandeling, welke leidt tot meerdere bijwerkingen. Gezien het toxische 
effect van de behandeling wordt deze langzaam afgebouwd. Echter, een groot deel 
van de patiënten krijgt te maken met opvlammingen van ziekteactiviteit, een recidief 
genoemd. Dit komt vooral voor bij PR3-ANCA positieve GPA patiënten, waarbij 
ongeveer 50% van de patiënten binnen 5 jaar een recidief meemaakt. Elk recidief 
gaat gepaard met toenemende schade in de betrokken organen. Indien er een manier 
zou zijn om een aankomend recidief te voorspellen zouden patiënten tijdig behandeld 
kunnen worden om de opvlamming mogelijk te voorkomen. Hiervoor wordt gezocht 
naar biomarkers, kenmerken die objectief gemeten kunnen worden als indicator van 
het pathogene proces. Het meten van ANCA in het serum is veelvuldig onderzocht 
op zijn voorspellende waarde voor recidieven. Hierbij wordt het serum in stappen 
verdund en bepaald bij welke verdunning de antistoffen nog zichtbaar zijn (ANCA-
titer), als indicatie voor de hoeveelheid ANCA in de circulatie. De studies hierover 
zijn echter niet in overeenstemming. Waar sommigen een duidelijke connectie zien 
tussen het toenemen van de ANCA-titer en een recidief, vinden andere studies deze 
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connectie niet. Als zodanig is het monitoren van alleen de ANCA-titer onvoldoende 
om interventies toe te passen. 
Veel typen immuuncellen zijn betrokken bij de pathogenese van AAV, het onderzoek 
hier beschreven is gericht op de B-cel. De B-cel is een cruciale cel in het ziekteproces 
van AAV. Ten eerste als de voorloper van de plasmacel, welke de autoantilichamen 
produceert. Daarnaast kan de B-cel ook pro- en anti-inflammatoire functies uitoefenen 
door middel van cytokine productie. Cytokines zijn celsignalerende moleculen die de 
immuunsysteemreactie kunnen moduleren. Op basis van cytokine productie kunnen 
de B-cellen onderverdeeld worden in effector B-cellen, welke de immuunreactie 
stimuleren, en regulatoire B-cellen (Breg), die de immuunreactie onderdrukken. De 
laatste categorie wordt gekenmerkt door productie van de cytokine interleukine (IL)10. 
Dit is een regulerende cytokine, welke productie van pro-inflammatoire cytokines in 
andere immuuncellen kan inhiberen. Er zijn ook pogingen gedaan om de regulatoire 
B-cel te definiëren op basis van oppervlakte-markers, hoewel hier nog geen consensus 
over is. In 2010 werden twee verschillende mogelijke Breg populaties beschreven. De 
eerste waren CD24highCD38high B-cellen, deze cellen produceerden meer IL10 dan 
andere B-cel populaties en waren in staat om de cytokine productie van T-cellen 
te remmen. De tweede beschreven populatie waren CD24highCD27+ B-cellen, waar 
tevens een hogere IL10 productie geconstateerd werd en welke cytokine productie 
van monocyten kon onderdrukken. Recentelijk zijn echter nog andere B-cel populaties 
beschreven welke na stimulatie verhoogde productie van IL10 laten zien, zoals CD5+ 
B-cellen en plasmacellen.

Dit proefschrift
Het onderzoek in dit proefschrift is voornamelijk gericht op het fenotype en de functie 
van B-cellen in patiënten met GPA, welke vergeleken zijn tussen patiënten met en 
zonder opvlamming van ziekteactiviteit. Hierbij is onderzoek gedaan naar de productie 
van ANCA, cytokines en de distributie van verschillende B-cel populaties.
Allereerst is in hoofdstuk 2 het bewijs voor en tegen een pathogene functie van 
ANCA beschreven. Meerdere experimenten duiden op een duidelijke pathogene rol 
van de autoantistoffen in het ontstaan van AAV. Zo is in muismodellen een vasculitis 
ziektebeeld geïnduceerd door middel van het toedienen van anti-MPO antistoffen. 
Daarnaast is er in vitro werk dat heeft aangetoond dat neutrofielen na stimulatie met 
pro-inflammatoire cytokines, zoals TNFα, de antistoffen PR3 en MPO tot expressie 
brengen op het celmembraan. Wanneer ANCA hieraan binden, resulteert dit in 
productie van zuurstofradicalen. Vrije zuurstofradicalen zijn agressieve moleculen die 
schade kunnen aanrichten aan weefsels. Een aantal bevindingen doen twijfelen aan 
pathogeniciteit van de ANCAs. Zo zijn er autoantistoffen tegen MPO en PR3 gevonden 
in gezonde individuen, hoewel in veel lagere hoeveelheden dan in personen met 
AAV. Verder is er een kleine groep patiënten welke negatief test voor aanwezigheid 
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van ANCA. Een recente studie kan mogelijk deze laatste twee observaties verklaren 
door te kijken naar epitoop specificiteit. Het epitoop is de plaats op het antigeen dat 
wordt herkend door het antilichaam. ANCA kunnen dus gericht zijn tegen verschillende 
epitopen op bijvoorbeeld het MPO molecuul. Roth en collega’s vonden dat epitoop-
reactiviteit verschilde tussen patiënten en controles en concludeerden dat niet alle 
ANCA pathogeen zijn, alleen degenen gericht tegen specifieke epitopen.
De mechanismen achter de inductie van ANCA zijn echter nog niet geheel 
duidelijk. Klinische observaties geven aan dat infecties een belangrijke rol spelen 
in de pathogenese van AAV. Zo werd in GPA een link gevonden tussen chronische 
aanwezigheid van Staphylococcus aureus in de neus en het risico op een recidief. 
Een veel grotere proportie van GPA patiënten (64%) draagt deze bacterie bij zich 
dan gezonde controles (20%) en behandeling met de antibiotica co-trimoxazole 
kan recidieven voorkomen. Immuuncellen kunnen bacteriële producten herkennen 
via de Toll-like receptoren (TLR) wat mogelijk bijdraagt aan de inductie van ANCA 
productie. Dit werd onderzocht in hoofdstuk 3. Hier werden geïsoleerde perifere 
bloed mononucleaire cellen (PBMC) gekweekt in aanwezigheid van IL21 en B-cel 
activerende factor (BAFF). In de literatuur is beschreven dat de combinatie van IL21 
en BAFF leidt tot differentiatie van B-cellen naar antistof producerende plasmacellen. 
Stimulatie van PBMC in vitro met IL21 en BAFF leidde tot B-cel proliferatie, formatie 
van plasmacellen en de productie van PR3-ANCA. Wanneer hier de TLR9 agonist 
CpG-oligodeoxynucleotiden (CpG-ODN) aan toegevoegd werd, nam de productie van 
PR3-ANCA verder toe. CpG-ODN zijn korte synthetische DNA moleculen welke een 
vergelijkbaar effect geven als stimulatie met bacterieel DNA. Daarnaast resulteerde 
stimulatie met CpG-ODN ook in toegenomen expressie van IL21 en BAFF receptoren. 
Dit resultaat onderschrijft het belang van infecties in activatie van autoantistof productie 
in GPA. 
Waar de ANCA gemeten in het serum een reflectie zijn van accumulatie over tijd, is het 
mogelijk dat een in vitro systeem het actuele pathogene proces beter weergeeft. Dit 
werd in meer detail onderzocht in hoofdstuk 4. Hierin wordt een prospectieve studie 
beschreven in 84 PR3-ANCA positieve GPA patiënten die tot 2 jaar gevolgd zijn. Bij 
elk bezoek aan de polikliniek werd bloed afgenomen en meerdere tests uitgevoerd. 
Zo werden beide de ANCA-titer en de in vitro productie van PR3-ANCA bepaald. Dit 
laatste niet alleen in PBMC gestimuleerd met de combinatie van CpG-ODN, BAFF en 
IL21 maar ook in cellen die gekweekt werden zonder extra stimulatie. Tijdens de studie 
werd in 16 patiënten een recidief waargenomen. Op moment van inclusie in de studie 
werden geen significante verschillen waargenomen tussen patiënten die wel en niet 
een recidief kregen tijdens de studie. Echter, in het laatste sample genomen voor het 
recidief waren hogere ANCA-titers en in vitro ANCA productie zichtbaar vergeleken 
met samples van patiënten zonder recidief. Verder werd gekeken naar de verandering 
over tijd, waarbij het verschil tussen de samples bij inclusie en het laatste sample voor 
de relapse werd bepaald en dit werd vergeleken met de veranderingen over tijd in 
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patiënten zonder recidief. Bij deze analyse was alleen een significante toename van 
de ANCA-titer zichtbaar en niet van in vitro PR3-ANCA. Dit laatste komt waarschijnlijk 
doordat in een aantal patiënten een zeer duidelijke toename van in vitro PR3-ANCA 
zichtbaar was voor het recidief, maar dit in anderen constant bleef of geen in vitro 
ANCA geproduceerd werd. Dit geeft aan dat het meten van in vitro ANCA productie 
geen goede maat voor het voorspellen van een recidief is voor alle GPA patiënten. 
Tevens is het niet efficiënter dan het meten van ANCA-titers, zeker niet gezien ANCA-
titer bepalingen vele malen simpeler uit te voeren zijn. Het is echter interessant om te 
speculeren dat er een subgroep van patiënten bestaat waarin het meten van PR3-ANCA 
wel een recidief kan voorspellen, hoewel het een uitdaging zal zijn deze groep goed 
te identificeren.
Waar verder onderzoek naar gedaan is in hoofdstuk 4, is de B-cel subset distributie. 
In dezelfde PR3-ANCA positieve GPA patiënt populatie werd onderzocht of bepaalde 
B-cellen, of veranderingen in de distributie van de B-cellen, een recidief konden 
voorspellen. Hierbij werd gekeken naar de totale B-cellen, en deze werden verder 
onderverdeeld in transitionele B-cellen, naïeve B-cellen, geheugen B-cellen en 
mogelijke regulatoire B-cellen. 
Eerst werden alle patiënten vergeleken met gezonde controles. Hieruit werd duidelijk 
dat GPA patiënten minder geheugen en CD24highCD27+ B-cellen en meer naïeve 
B-cellen hebben. Wanneer patiënten met en zonder opvlamming van ziekteactiviteit 
vergeleken werden, zagen wij voor het recidief een afname in het percentage 
geheugen B-cellen en een toename in het percentage naïeve B-cellen. Ook één van 
de beschreven mogelijke Breg populaties, de CD24highCD27+ B-cellen, namen af voor 
het recidief. De patiënten die een recidief krijgen, wijken dus meer af van de controles 
dan patiënten zonder recidief. Deze resultaten geven aan dat het monitoren van de 
B-cel subset distributie, vooral de geheugen B-cellen, interessant is met betrekking 
tot het voorspellen van opvlammingen van ziekteactiviteit. 
Het belangrijkste kenmerk van de Breg is de productie van de immuunregulerende 
cytokine IL10. Productie van IL10 is in meerdere studies vergeleken tussen AAV patiënten 
en gezonde controles, zonder overeenstemmende conclusie. Nog onbekend was of 
voor een recidief nog veranderingen in de productie van IL10 optreden. Daarnaast 
kunnen B-cellen ook pro-inflammatoire cytokines produceren, zoals TNFα, IL2 en IFNγ. 
In hoofdstuk 5 is de productie van pro- en anti-inflammatoire cytokines door B-cellen 
vergeleken in GPA patiënten en controles en gerelateerd aan de B-cel subset distributie 
en toekomstige recidieven. De B-cellen van GPA patiënten maakten significant minder 
vaak de pro-inflammatoire cytokine TNFα dan controles, een verschil dat het meest 
uitgesproken was in de groep met een recidief in de nabije toekomst. Productie van 
TNFα correleerde sterk met de aanwezigheid van geheugen B-cellen, een indicatie 
dat deze verantwoordelijk zijn voor de productie van dit cytokine. Aangezien GPA 
patiënten minder geheugen B-cellen in de circulatie hebben, zou dit de verminderde 
hoeveelheid TNFα producerende B-cellen kunnen verklaren. Een mogelijk mechanisme 
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hierachter is een toegenomen migratie van de geheugen B-cellen naar de weefsels, 
waar de ontsteking zich bevind. Dit idee wordt ondersteund door verhoogde levels 
van CCL19 die gevonden werden bij patiënten. CCL19 is een chemokine dat met name 
de geheugen B-cellen stimuleert tot migratie. 
Productie van IL10 was vergelijkbaar in patiënten en controles, echter in individuele 
patiënten werd een afname van het percentage IL10 producerende B-cellen 
waargenomen voor een opvlamming. Dit kan betekenen dat een afname van 
immuunregulatie een rol speelt in het krijgen van een recidief. Om dit definitief vast 
te stellen zijn verdere studies nodig.
Productie van pro- en anti-inflammatoire cytokines kan ook een factor zijn die de 
productie van ANCA beïnvloed. Om dit te onderzoeken werden in hoofdstuk 6 
samples positief en negatief voor in vitro ANCA productie vergeleken op productie van 
cytokines. Hoewel de variatie tussen individuen groot was, leken een aantal cytokines 
positief gerelateerd aan ANCA productie. Verrassend genoeg was één van deze 
cytokines IL10, in samples met meer ANCA productie werden hogere IL10 concentraties 
gevonden. Echter, wanneer extra IL10 toegevoegd werd aan de celkweek werd juist 
een afname van de ANCA productie waargenomen. Deze resultaten lijken tegenstrijdig 
en leiden tot de hypothese dat IL10 verschillende functies heeft tijdens de in vitro 
productie van ANCA. Het is bekend dat IL10 naast zijn immuunregulerende functie ook 
als overlevingsfactor functioneert voor plasmacellen. De plasmacel is verantwoordelijk 
voor productie van immunoglobulinen (Ig), waaronder de PR3-ANCA IgG. Als zodanig 
is het aannemelijk dat in de vroege fase van de celkweek, wanneer er weinig tot geen 
plasmacellen aanwezig zijn, IL10 een regulerende impact heeft. Terwijl na de formatie 
van de plasmacellen in vitro IL10 door deze cellen gebruikt wordt als overlevingsfactor, 
wat verhoogde PR3-ANCA productie kan opleveren. 
Verscheidene nieuwe therapeutische opties voor auto-immuun ziektes zijn gericht op de 
B-cellen. Zo is recent rituximab goedgekeurd voor behandeling van AAV. Rituximab is 
een anti-CD20 monoklonaal antilichaam en behandeling hiermee leidt tot een depletie 
van de B-cellen. Dit heeft effect op zowel de effector als de regulerende functies van de 
B-cel. Wellicht zouden betere strategieën ontwikkeld kunnen worden welke specifiek 
de effector functies van B-cellen remmen, zodat de regulerende mechanismen in stand 
blijven. Een mogelijkheid hiervoor ligt in de verschillende expressie van kalium kanalen 
op B-cellen. Waar de class-switched geheugen B-cellen het Kv1.3 kanaal tot expressie 
brengen, is dit in veel mindere mate het geval bij andere B-cellen. Door het specifiek 
blokkeren van het Kv1.3 kalium-kanaal worden dus voornamelijk de class-switched 
geheugen cellen geremd, welke pro-inflammatoire cytokines produceren en kunnen 
differentiëren naar (auto)antistof producerende plasmacellen. In hoofdstuk 7 is het 
effect van een specifieke Kv1.3 kanaal blokker (ShK-186) getest voor het effect op 
B-cellen. Het incuberen van PBMCs met ShK-186 resulteerde in een lagere totaal IgG 
en PR3-ANCA specifieke IgG productie. Dit wordt waarschijnlijk niet veroorzaakt door 
een afname van B-cel proliferatie, aangezien ShK-186 hier geen direct effect op leek 
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te hebben. Ook werd gekeken naar het effect op cytokine productie, waar een sterke 
afname van de pro-inflammatoire cytokines TNFα, IL2 en IFNγ werd gezien. Hoewel 
ook een afname van IL10 productie zichtbaar was in GPA patiënt samples, was dit een 
veel minder uitgesproken effect. Gezien het effect op de effector functies van B-cellen 
is Kv1.3 kanaal blokkade een intrigerende nieuwe behandeloptie voor AAV.

Conclusies
In dit proefschrift wordt beschreven dat er verschillen zichtbaar zijn in de B-cel functie 
en B-cel subset distributie tussen patiënten met en zonder een aankomend recidief. Zo 
neemt in een aantal patiënten de PR3-ANCA productie toe voor een recidief. Daarnaast 
wijken patiënten voor opvlamming van ziekteactiviteit het meeste af van gezonde 
controles wat betreft de B-cel subset distributie, met lage percentages geheugen 
en CD24highCD27+ B-cellen. Dit maakt het monitoren van de B-cel subset distributie 
interessant voor het helpen voorspellen van opvlammingen. Tevens zijn er verschillen 
in de B-cel cytokine productie, GPA patiënten hebben minder TNFα producerende 
B-cellen in de circulatie en in individuele patiënten neem het percentage IL10+ B-cellen 
af voor recidief. 
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