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Abstract
Objective: Several lines of evidence indicate that B cells may be involved 
in the immunopathology of giant cell arteritis (GCA) and polymyalgia 
rheumatica (PMR). This study was undertaken to examine the distribution 
of defined B cell subsets, including effector B (Beff) cells and regulatory 
B (Breg) cells, in patients with GCA and patients with PMR before and 
after corticosteroid treatment.

Methods: Circulating B cells were analysed in 34 newly diagnosed, untreated 
patients with GCA or PMR, and in 44 followup samples from patients with 
GCA or PMR who received corticosteroids for 2 weeks or 3 months. For 
comparison, 40 age-matched healthy controls and 11 rheumatoid arthritis 
(RA) patients were included. Serum BAFF levels were determined, and 
temporal arteries were studied by immunohistochemistry.

Results: Patients newly diagnosed as having GCA or PMR, but not patients 
with RA, had decreased numbers of circulating B cells compared to healthy 
controls. B cell numbers recovered rapidly in treated patients with GCA 
and PMR in remission. This recovery was not achieved by compensatory 
hyperproliferation or enhanced bone marrow production. B cell numbers 
inversely correlated with erythrocyte sedimentation rates, C-reactive protein 
levels, and serum BAFF levels. Tumour necrosis factor –positive Beff cells, 
but not interleukin-10 (IL-10)–positive Breg cells, were decreased in patients 
newly diagnosed as having GCA or PMR. Following treatment, circulating 
numbers of Beff cells normalized. The returning Beff cells demonstrated 
an enhanced capacity to produce IL-6. Few B cells were found in temporal 
artery biopsy specimens from GCA patients.

Conclusion: We show for the first time that the distribution of B cells is 
highly disturbed in GCA and PMR and that B cells likely contribute to the 
enhanced IL-6 response in both diseases.
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Introduction 
Giant cell arteritis (GCA) is the most common type of primary vasculitis in 
Western countries [1]. GCA is characterized by inflammation of medium-sized and 
large arteries, resulting in classic symptoms, such as headache, blindness, and 
stroke [2]. Polymyalgia rheumatica (PMR) is a closely related disorder associated 
with tenderness and stiffness of the hips and shoulders. Corticosteroids are the 
cornerstone of treatment in GCA and PMR, but unfortunately have considerable 
side effects [3]. Insight into the pathogenesis of GCA and PMR is crucial for the 
development of targeted therapies in both diseases. Current evidence suggests 
that dendritic cells, T cells, and macrophages play important roles in GCA and 
PMR [4, 5].

Although B cells are not predominant cells in the inflamed temporal arteries 
of GCA patients or in the affected joints of PMR patients [5-10], several findings 
indicate that B cells are not mere bystanders in GCA and PMR. General 
B cell activation in GCA and PMR is suggested by the increased presence of 
autoantibodies against various endogenous antigens in the sera of patients with 
GCA and patients with PMR [11-15]. Furthermore, early studies have indicated that 
deposits of immunoglobulins are present in the inflamed temporal arteries of GCA 
patients [16, 17]. Scarce data on B cell depletion therapy in GCA suggest that 
this treatment may ameliorate GCA disease activity [18], as previously described 
in small vessel vasculitis and Takayasu arteritis [19, 20]. Currently, little is known 
about B cells and their distribution in GCA and PMR patients.

Emerging data indicate that B cells not only produce antibodies, but also 
modulate T cell responses by secreting pro-inflammatory and anti-inflammatory 
cytokines such as tumour necrosis factor  (TNF ) and interleukin-10 (IL-10), 
respectively [21-23]. Furthermore, effector B (Beff) cells can potentiate T cell–
mediated autoimmunity via secretion of IL-6 [24]. So far, the contributions 
of Beff cells and regulatory B (Breg) cells to GCA and PMR have not been 
studied. We hypothesized that B cells may be involved in the immunopathology 
of GCA and PMR. Therefore, we investigated the distribution of defined B 
cell subsets in patients with GCA and patients with PMR before and after 
corticosteroid treatment.

Patients and methods
Study population
In a prospective study, 34 patients who were newly diagnosed as having GCA (n = 
16) or PMR (n = 18) were consecutively enrolled (Supplementary Table 1). None of 
the patients were receiving corticosteroids or disease-modifying anti-rheumatic drugs 
(DMARDs) at the time of blood withdrawal. GCA patients fulfilled the American College 
of Rheumatology criteria ([25]), and PMR patients fulfilled the Chuang and Hunder 
criteria [26]. In GCA patients, an 18F-fluorodeoxyglucose–positron emission tomography/
computed tomography (FDG-PET/CT) scan with similar or enhanced glucose uptake by 



122

7

B cells in GCA and PM
R

large vessels in comparison to the liver was considered to be as equally diagnostic as 
a positive temporal artery biopsy. We precluded atherosclerosis as a main cause for this 
glucose uptake by co-examining the vessels for calcifications. In total, 15 of 16 GCA 
patients had positive temporal artery biopsy findings and/or demonstrated evidence of 
GCA on the FDG-PET/CT scan.

We obtained 44 followup samples from patients with GCA or PMR in remission after 
2 weeks of corticosteroid treatment and after 3 months of corticosteroid treatment. 
Remission was defined as the absence of symptoms and a normal erythrocyte 
sedimentation rate (ESR) (<30 mm/hour). We also obtained blood samples from 8 patients 
with GCA or PMR who experienced a relapse during followup. Relapse was defined 
as an increase in ESR from normal to 30 mm/hour, plus at least one symptom of 
active GCA or PMR not attributable to other causes. We obtained blood samples from 
40 age-matched healthy controls who were thoroughly screened for past or current 
morbidities. As inflammatory disease controls, we also included 11 patients who were 
newly diagnosed as having rheumatoid arthritis (RA) and had never been treated with 
corticosteroids or DMARDs. The study was approved by the institutional review board 
of the University Medical Center Groningen, and written informed consent was obtained 
from all study participants.

Treatment
Patients with GCA and patients with PMR were initially treated with 60 mg/day and 
20 mg/day of prednisolone, respectively. Tapering of corticosteroid treatment was 
started after 3–4 weeks and further continued based on clinical and laboratory findings 
during followup. After 3 months, the median prednisolone dosage was 20 mg/day (range 
15–40 mg/day) in GCA patients and 15 mg/day (range 7.5–17.5 mg/day) in PMR patients.

Quantification of B cells and B cell differentiation subsets
Absolute numbers of CD19+ B cells were determined according to the MultiTest TruCount 
method, as described by the manufacturer (Becton Dickinson). Data were acquired 
using a FACSCanto II (Becton Dickinson) and analyzed with FACSCanto Clinical software 
(Becton Dickinson). In addition, mononuclear cells were isolated from heparinized blood 
with Lymphoprep (Axis-Shield). Isolated cells were stained with the following monoclonal 
antibodies: eFluor 605–conjugated CD19, PerCP-eFluor 710–conjugated CD24, phycoerythrin 
(PE)–conjugated CD24, allophycocyanin (APC)–eFluor 780–conjugated CD27, PE-Cy7–
conjugated CD38 (all from eBioscience), and V450-conjugated IgD and APC-conjugated 
IgM (both from Becton Dickinson). To perform intracellular staining with monoclonal 
antibodies PerCP-Cy5.5–conjugated Ki-67 and fluorescein isothiocyanate (FITC)–conjugated 
Bcl-2 (both from Becton Dickinson), the cells were first treated with a FoxP-staining buffer 
set (eBioscience). Samples were measured on an LSRII flow cytometer (Becton Dickinson) 
and analysed with Kaluza Flow Analysis software (Beckman Coulter). B cell differentiation 
subsets were gated as previously described [27-29].

Intracellular cytokine staining
Whole blood samples were diluted 1:1 with RPMI and stimulated with phorbol myristate 
acetate and calcium ionophore A23187 or with different concentrations of recombinant 
human BAFF (Enzo Life Sciences) in the presence of brefeldin A (Sigma) for 4 hours. 
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After red blood cell lysis with ammonium chloride, stimulated cells were treated with Fix 
& Perm reagents A and B (Invitrogen) and stained with the following antibodies: APC-
eFluor 780–conjugated CD19, eFluor 605–conjugated CD3, eFluor 450–conjugated CD4, 
APC-conjugated IL-6 (all from eBioscience), FITC-conjugated CD22, PE-conjugated TNF , 
APC-conjugated IL-10 (all from Becton Dickinson), and PE-conjugated CD14 and PerCP-
Cy5.5–conjugated TNF  (both from BioLegend).

Enzyme-linked immunosorbent assay (ELISA).
Serum levels of BAFF were measured with an ELISA kit from R&D Systems. Measurements 
were performed with a VersaMax microplate spectrophotometer from Molecular Devices.

Immunohistochemistry
Temporal artery biopsy specimens were obtained from 6 GCA patients not receiving 
corticosteroid treatment and from 3 controls with uninflamed temporal arteries. The tissue 
was fixed in 10% neutral buffered formalin and paraffin embedded. Sections of 5 μm 
thickness were deparaffinised in xylene and rehydrated in graded ethanol. Antigens were 
retrieved, and endogenous peroxidase was blocked. Staining was performed with antibodies 
against CD3 (clone F7.2.38), CD20 (L26), and CD138 (MI15) (all from Dako) and visualized 
with diaminobenzidine. Semiquantitative scoring of CD3-, CD20-, and CD138-expressing 
cells was performed by 2 independent investigators using a 5-point scale (0–4), where 
0 = no positive cells, 1 = occasional positive cells, 2 = a moderate number of positive 
cells, 3 = a large number of positive cells, and 4 = a very large number of positive cells. 
The scores of both investigators were averaged.

Statistical analysis
The data from the healthy controls and patient groups were first analysed by Kruskal-
Wallis test. The Mann-Whitney U test was used to compare the different patient groups 
with the healthy controls. Analyses were performed with GraphPad Prism 5.0 software. 
Correlations were assessed using Spearman’s rank correlation coefficient. P values less 
than 0.05 (2-tailed) were considered significant.

Results
Decreased numbers of circulating B cells in GCA and PMR
To study whether B cells are modulated in GCA and PMR, we first determined 
the absolute numbers of CD19+ B cells in the peripheral blood of untreated 
patients who were newly diagnosed as having GCA or PMR (Figure 1A). Numbers 
of circulating B cells were clearly decreased in patients with newly diagnosed 
GCA or PMR compared to healthy controls. In contrast, peripheral B cell numbers 
were normal in patients who were newly diagnosed as having RA. 

To study the effect of corticosteroid treatment, absolute numbers of CD19+ 
B cells were determined in patients with GCA or PMR in remission after 2 weeks 
and after 3 months of treatment. Intriguingly, normalization of circulating B cell 
numbers occurred in GCA and PMR patients whose disease was in remission 
after 2 weeks of corticosteroid treatment (Figures 1B and C). After 3 months 
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of treatment, B cell numbers were retained in patients with PMR in remission, 
but further increased in patients with GCA in remission. Interestingly, B cell 
numbers decreased again when corticosteroid-treated patients with GCA or PMR 
experienced a relapse (Figure 1A).

Since B cell numbers seemed to correlate inversely with disease activity in 
patients with GCA and patients with PMR, we tested whether circulating B cell 
numbers in these patients also inversely correlated with systemic markers of 
inflammation. Indeed, the numbers of circulating B cells were inversely correlated 
with the ESR (Figure 1D) and C-reactive protein level (Spearman’s 

Figure 1. Absolute numbers of B cells in patients with giant cell arteritis (GCA) 
and patients with polymyalgia rheumatica (PMR) before and after treatment. A, 
Absolute numbers of peripheral blood CD19+ B cells in healthy controls (HCs; n = 40) and 
patients who were newly diagnosed as having GCA (nGCA; n = 16), PMR (nPMR; n = 18), 
or rheumatoid arthritis (nRA; n = 11) and had not received corticosteroids or disease-
modifying antirheumatic drugs, and in the combined group of patients with relapsing GCA 
(n = 4) and patients with relapsing PMR (n = 4) (RLPS GCA/PMR). The relapses occurred 
after 3 months of treatment. B, Absolute numbers of circulating CD19+ B cells in patients 
with newly diagnosed GCA and in patients with GCA in remission after 2 weeks (n = 11) 
and 3 months (n = 12) of corticosteroid treatment. C, Absolute numbers of circulating 
CD19+ B cells in patients with newly diagnosed PMR and in patients with PMR in remission 
after 2 weeks (n = 10) and 3 months (n = 11) of corticosteroid treatment. D, Inverse 
correlation between absolute B cell numbers in the peripheral blood of patients with GCA 
or PMR and the erythrocyte sedimentation rate (ESR), as determined by Spearman’s rank 
correlation coefficient. Bars in A–C show the mean ± SEM.  = P < 0.05;  = P < 0.01 
versus healthy controls, by Mann-Whitney U test.
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P < 0.001) in patients with GCA or PMR. B cell counts in GCA patients did not 
correlate with the number of inflamed large arteries seen on the FDG-PET/CT 
scan (data not shown).

Disturbed numbers of B cell differentiation subsets in GCA and PMR
To identify whether particular B cell differentiation subsets were modulated in 
patients with newly diagnosed GCA or PMR, we further delineated B cells based 
on the expression of B cell differentiation markers, as shown in Figures 2A and 
B. In essence, nearly all B cell differentiation subsets were decreased in patients 
with newly diagnosed GCA or PMR compared to healthy controls (Figure 2C). 
Unswitched memory B cells were an exception, as these cells were increased in 
patients with newly diagnosed GCA but were unchanged in patients with newly 
diagnosed PMR. We did not observe changes in B cell differentiation subsets in 
patients with newly diagnosed RA. 

Figure 2. B cell differentiation subsets in patients with newly diagnosed GCA 
or PMR. A, Flow cytometry gating strategy to distinguish differentiation subsets within 
peripheral blood CD19+ B cells. B, Representative flow cytometry dot plots for CD27 and 
IgD staining in CD19+ B cells from a healthy control and an untreated patient with newly 
diagnosed GCA. Values are the percentages of cells in each subset. C, Absolute numbers 
of B cell differentiation subsets in healthy controls (n = 26), patients who were newly 
diagnosed as having GCA (n = 16), PMR (n = 18), or RA (n = 11) and had not received 
corticosteroids or disease-modifying antirheumatic drugs, and in the combined group of 
patients with relapsing GCA (n = 4) and patients with relapsing PMR (n = 4). Bars show 
the mean ± SEM.  = P < 0.05;  = P < 0.01;  = P < 0.001 versus healthy controls, 
by Mann-Whitney U test. See Figure 1 for definitions.
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No evidence of B cell repopulation or compensatory 
hyperproliferation
We sought to determine how the numbers of circulating B cells were normalized in 
treated patients with GCA or PMR in remission. To that end, we first investigated 
whether the circulating B cell pool was perhaps replenished by immature, 
transitional B cells from the bone marrow. Since the numbers of transitional B 
cells were even further decreased in the peripheral blood of treated patients 
with GCA or PMR in remission (Figure 3A), it seemed highly unlikely that the 

Figure 3. B cell differentiation subsets in treated GCA and PMR patients whose disease 
was in remission. A, Left, Representative flow cytometry staining of CD24highCD38high 

and after 3 months of corticosteroid treatment (GCA in remission [rGCA]). Circled areas show 
CD24highCD38high B cells; values are the percentage of CD24highCD38high B cells. Right, 
Absolute numbers of transitional B cells in healthy controls (n = 26), patients with newly 
diagnosed GCA (n = 16), GCA patients whose disease was in remission after 3 months of 
corticosteroid treatment (n = 12), patients with newly diagnosed PMR (n = 18), and PMR 
patients in remission (rPMR) after 3 months of corticosteroid treatment (n = 11). B, Left, 
Representative flow cytometry staining of Ki-67 in CD19+ B cells from a GCA patient before 
treatment and after 3 months of corticosteroid treatment. Right, Proportions of Ki-67+ cells 
within CD19+ B cells in healthy controls (n = 14), patients with newly diagnosed GCA (n = 
13), patients with GCA in remission (n = 8), patients with newly diagnosed PMR (n = 12), 
and patients with PMR in remission (n = 7). C, Mean fluorescence intensity (MFI) for Bcl-2 
in CD19+ B cells from healthy controls (n = 8), patients with newly diagnosed GCA (n = 
4), patients with GCA in remission (n = 4), patients with newly diagnosed PMR (n = 4), and 
patients with PMR in remission (n = 4). D, Absolute numbers of unswitched memory B cells 
in healthy controls (n = 26), patients with newly diagnosed GCA (n = 16), patients with GCA 
in remission (n = 12), patients with newly diagnosed PMR (n = 18), and patients with PMR 
in remission (n = 11). Bars show the mean ± SEM.  = P < 0.05;  = P < 0.01;  = P < 
0.001 versus healthy controls, by Mann-Whitney U test. See Figure 1 for other definitions.
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circulating B cell pool was repopulated by newly produced B cells from the 
bone marrow. 

Next, we assessed whether B cell numbers were replenished through 
compensatory hyperproliferation of circulating B cells in patients with GCA or 
PMR in remission. B cells derived from peripheral blood were stained for the 
proliferation marker Ki-67 before and after treatment (Figure 3B). Before treatment, 
the proportions of proliferating B cells in patients with newly diagnosed GCA 
or PMR were similar to those in healthy controls (Figure 3B). Corticosteroid 
treatment, however, led to decreased peripheral B cell proliferation in patients 
with GCA in remission and tended to slightly reduce proliferation in patients 
with PMR in remission. Since B cell numbers did not seem to be replenished via 
compensatory hyperproliferation or enhanced bone marrow output, it seemed 
unlikely that B cells were actually lost in patients with newly diagnosed GCA or 
PMR. To further preclude a prominent role of B cell apoptosis in both diseases, 
we assessed circulating B cells for expression of the antiapoptotic regulator 
Bcl-2. B cells from patients with GCA or PMR indeed demonstrated a normal 
per-cell expression level of Bcl-2 during active disease and remission (Figure 3C).

Next, we further investigated the composition of the peripheral B cell pool in 
treated patients with GCA and PMR in remission. In particular, mature naive B cells 
and memory B cells seemed to return to the circulation in treated patients with 
GCA or PMR in remission. Numbers of mature naive B cells, IgM-only memory B 
cells, and switched memory B cells normalized in patients with GCA or PMR in 
remission (data not shown). Whereas circulating numbers of unswitched memory 
B cells remained normal in patients with PMR in remission, we observed a 
further expansion of unswitched memory B cells in treated patients with GCA 
in remission (Figure 3D). In contrast, the circulating number of double-negative 
B cells tended to remain decreased in patients with PMR in remission, and the 
same was observed for plasmablasts in patients with GCA in remission and in 
patients with PMR in remission (data not shown). Thus, both mature naive and 
memory B cell subsets returned to the circulation in patients with GCA or PMR 
in remission.

Increased serum BAFF levels in newly diagnosed GCA and PMR
Since our results did not provide evidence of enhanced B cell apoptosis during 
active disease or compensatory proliferation of B cells during remission, we 
hypothesized that the mature naive and memory B cells had been either 
marginalized or redistributed during active GCA and PMR. To test this, the 
B cell growth factor BAFF was used as an indirect marker of the presence 
or absence of B cells in the circulation. Serum levels of BAFF highly depend 
on the number of circulating B cells and typically increase when B cells 
are absent from the circulation [30, 31]. Indeed, serum BAFF levels were 
increased in untreated patients with newly diagnosed GCA or PMR (Figure 4A). 
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Following treatment, serum BAFF levels decreased in patients with GCA or 
PMR in remission (Figure 4B), but increased again during relapse (Figure 4A). 
Serum BAFF levels were inversely correlated with circulating B cell numbers 
in patients with GCA or PMR (Spearman’s P = 0.0015). Overall, our 
data indicated that B cells were redistributed during active GCA and PMR and 
returned during remission. 

Figure 4. Serum BAFF levels in patients with GCA and patients with PMR before 
and after treatment. A, Serum levels of BAFF in healthy controls (n = 16), untreated 
patients with newly diagnosed GCA (n = 14), untreated patients with newly diagnosed PMR 
(n = 13), and the combined group of patients with relapsing GCA (n = 4) and patients 
with relapsing PMR (n = 3). B, Left, Serum levels of BAFF in healthy controls (n = 16), 
patients with newly diagnosed nGCA (n = 14), and treated patients with GCA in remission 
(rGCA; n = 11). Right, Serum levels of BAFF in healthy controls (n = 16), patients with 
newly diagnosed PMR (n = 13), and treated patients with PMR in remission (rPMR; n = 11). 
C, Positive correlation between serum BAFF levels and serum interleukin-6 (IL-6) levels 
in the peripheral blood of patients with GCA or PMR, as determined by Spearman’s rank 
correlation coefficient. D, Left, Representative flow cytometry staining of intracellular IL-6 
in unstimulated CD14+ monocytes (medium plus brefeldin A) and BAFF-stimulated CD14+ 
monocytes (2,000 ng/ml soluble recombinant BAFF plus brefeldin A) from a patient with 
GCA in remission. Boxed areas show gate for IL-6+ cells among CD14+ monocytes; values 
are the percentage of positive cells. Right, Median percentages of IL-6+ CD14+ monocytes 
from healthy controls (n = 4), patients with GCA in remission (n = 4), and patients with PMR 
in remission (n = 4) following 4 hours of in vitro stimulation with different concentrations 
of soluble recombinant BAFF. Bars in A and B show the mean ± SEM.  = P < 0.05;  = 
P < 0.01;  = P < 0.001 versus healthy controls, by Mann-Whitney U test. See Figure 1 
for other definitions.
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Induction of IL-6 in monocytes by nonphysiologic BAFF 
concentrations only
Although serum BAFF levels are primarily influenced by circulating B cell numbers 
[30], soluble BAFF can also activate monocytes to produce IL-6 [32, 33]. Therefore, 
we hypothesized that low B cell counts in GCA and PMR patients may indirectly 
contribute to the production of IL-6 in monocytes via elevated serum BAFF levels. 
Consistent with this hypothesis, we found a strong positive correlation between 
serum levels of BAFF and IL-6 in patients with GCA or PMR (Figure 4C). However, 
high nonphysiologic concentrations of BAFF were required for significant in vitro 
production of IL-6 by monocytes from healthy controls and patients with GCA or 
PMR in remission (Figure 4D). Furthermore, monocytes from patients with GCA 
or PMR in remission seemed to require twice as high concentrations of soluble 
BAFF for induction of IL-6 than did monocytes from healthy controls. In our 
assays, we excluded indirect stimulation of monocytes via other BAFF-induced 
cytokines, since cytokine excretion was blocked by brefeldin A. Soluble BAFF did 
not induce IL-6 production in B cells or T cells (data not shown). Although we 
did not study monocytes from patients with newly diagnosed GCA or PMR, our 
data indicate that significant IL-6 production by monocytes can only occur when 
these cells are exposed to nonphysiologic concentrations of BAFF. Therefore, 
it is unlikely that BAFF-induced activation of peripheral monocytes explains the 
elevated IL-6 levels in patients with GCA or PMR.

Increased potential of Beff cells from patients with GCA or PMR to 
produce IL-6.
Since B cells can modulate autoimmune responses by producing cytokines [34], 
we analyzed whether circulating TNF + B cells (Beff cells) or IL-10+ B cells 
(Breg cells) were redistributed in patients with newly diagnosed GCA or PMR 
(Figure 5A). The numbers of circulating Beff cells (TNF
in patients with newly diagnosed GCA or PMR, whereas numbers of circulating 
Breg cells (TNF
fraction of TNF +IL-10+ B cells, but their numbers were similar in patients with 
newly diagnosed GCA or PMR and healthy controls (data not shown). Additional 
phenotypic analysis of Beff cells and Breg cells showed that production of TNF  
and IL-10 varied among B cell differentiation subsets. Whereas Beff cells were 
found among all memory B cell subsets, Breg cells resided in the unswitched 
memory B cell population only (Supplementary Figure 1).

Since Beff cells may produce the proinflammatory cytokine IL-6 [34], we 
analyzed the returning Beff cells in patients with GCA or PMR in remission for 
the production of IL-6 (Figure 5C). As expected, TNF + Beff cells produced 
more IL-6 than did TNF
IL-6–producing cells was significantly expanded among Beff cells from patients 
with GCA or PMR in remission compared to healthy controls. We also observed 
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a slight increase in IL-6–producing cells among TNF
with GCA or PMR in remission. The enhanced potential to produce IL-6 was also 
noted when patients with GCA in remission and patients with PMR in remission 
were analysed separately (data not shown).

B cells in the temporal arteries of GCA patients
To determine whether B cells can be detected in the inflamed arteries of GCA 
patients, we performed immunohistochemistry for CD20+ B cells on temporal 
artery biopsy specimens from GCA patients (Figure 6A). Low- to-moderate numbers 
of CD20+ B cells were found in the adventitia of all inflamed temporal artery 
biopsy specimens studied, but rarely in the media and intima (Figure 6B). CD20+ 

Figure 5. Effector B (Beff) cells and regulatory B (Breg) cells in patients with GCA 
and patients with PMR before and after treatment. A, Representative flow cytometry 
dot plots for intracellular tumour necrosis factor  (TNF ) and interleukin-10 (IL-10) 
staining in peripheral blood CD19+CD22+ B cells from a healthy control, a patient with 
newly diagnosed GCA, and the same patient with GCA in remission after corticosteroid 
treatment. Whole blood samples were stimulated with phorbol myristate acetate and 
calcium ionophore in the presence of brefeldin A for 4 hours. Values are the percentage 
of cells in each subset. B, Absolute numbers of TNF
Breg cells in healthy controls (n = 36), patients with newly diagnosed GCA (n = 8), treated 
patients with GCA in remission (rGCA; n = 7), patients with newly diagnosed PMR (n = 7), 
and treated patients with PMR in remission (rPMR; n = 6). C, Representative flow cytometry 
dot plots for intracellular TNF  and IL-6 staining in peripheral blood CD19+CD22+ B cells 
from a healthy control and a patient with GCA in remission. Cells were stimulated as 
described in A. Values are the percentage of cells in each subset. D, Percentage of TNF + 
Beff cells and TNF
with GCA or PMR in remission (n = 11). Bars in B and D show the mean ± SEM.  = P 
< 0.05;  = P < 0.01;  = P < 0.001 versus healthy controls, by Mann-Whitney U test. 
See Figure 1 for other definitions.
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B cells were mostly confined to areas that were also infiltrated by CD3+ T cells. 
In some temporal artery biopsy specimens, low-to-moderate numbers of CD138+ 
plasma cells were detected, primarily in the adventitia. Although B cells were 
readily detected in temporal artery biopsy specimens from GCA patients, both 
CD20+ B cells and CD138+ plasma cells were outnumbered by CD3+ T cells. 

Discussion
Our findings indicate that the distribution of B cells is highly disturbed in patients 
with newly diagnosed GCA and PMR. A longitudinal analysis of B cells and serum 
BAFF levels suggested that circulating B cells were redistributed during active 
GCA and PMR, but quickly returned during remission. More specifically, Beff cells 
rather than Breg cells were redistributed during active disease. Beff cells that 
returned during remission in GCA and PMR patients demonstrated an enhanced 
potential to produce the proinflammatory cytokine IL-6.

Figure 6. B cells in temporal artery biopsy specimens from patients with giant cell 
arteritis (GCA). A, Immunohistochemistry staining for CD20+ B cells, CD138+ plasma cells, 
and CD3+ T cells in a representative inflamed temporal artery biopsy specimen from a GCA 
patient. B, Semiquantitative scoring for B cells, plasma cells, and T cells in inflamed temporal 
artery biopsy specimens from 6 GCA patients. Semiquantitative scoring was performed by 2 
independent investigators on a 5-point scale (0–4), where 0 = no positive cells, 1 = occasional 
positive cells, 2 = a moderate number of positive cells, 3 = a large number of positive 
cells, and 4 = a very large number of positive cells. The scores from the 2 investigators 
were averaged. Bars show the mean ± SEM. Adv = adventitia; med = media; int = intima.
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Both patients with newly diagnosed GCA and patients with newly diagnosed 
PMR showed a marked decrease in circulating B cells before corticosteroid 
treatment. It is well known that GCA and PMR frequently overlap in individual 
patients [2], and similarities in autoantibody production in patients with GCA and 
patients with PMR have been reported [12, 14]. Our findings further underline 
the close relationship between GCA and PMR. The decreased B cell numbers 
seemed characteristic of both diseases, as we found normal B cell numbers in 
patients with newly diagnosed, untreated RA. In addition, normal or even increased 
total B cell numbers have been found in antineutrophil cytoplasmic antibody 
(ANCA)–associated vasculitis and in other systemic inflammatory diseases [19, 
20, 27, 35, 36]. Disturbances in B cell homeostasis were also noted in Takayasu 
arteritis, although the absolute numbers of B cells were normal [20]. A direct 
comparison, however, with our data from untreated patients with newly diagnosed 
GCA or PMR remains difficult, because the patients with Takayasu arteritis had 
long-standing disease and had been treated with immunosuppressive drugs [20].

The decrease in circulating B cells in patients with newly diagnosed GCA or 
PMR could not be explained by a loss of B cells. Expression of antiapoptotic 
Bcl-2 suggested that circulating B cells were not more susceptible to apoptosis 
during active disease. Moreover, to correct for an actual loss of B cells (e.g., 
due to apoptosis), the circulating B cell pool would have to be replenished by 
newly produced B cells from the bone marrow or by hyperproliferation of already 
existing B cells. We provide evidence against both of these mechanisms. First, 
bone marrow production of new B cells was unlikely, since transitional B cells were 
nearly ablated by corticosteroid treatment. Instead, mature-naive and memory B 
cell subsets appeared in the circulation of treated patients with GCA or PMR in 
remission. Although we cannot fully exclude the possibility that some transitional 
B cells are released from the bone marrow early after initiation of treatment, 
our findings are consistent with previous studies indicating that corticosteroids 
induce apoptosis of precursor B cells [37, 38]. Second, circulating B cells are 
usually in a relatively quiescent state and have a low proliferation rate in healthy 
individuals [39]. Our data on Ki-67 expression in circulating B cells suggest that 
this is also true for circulating B cells in GCA and PMR patients before and 
during treatment. Moreover, proliferation of circulating B cells was even decreased 
in treated GCA patients, which is a known effect of corticosteroids [40]. Thus, 
we did not find evidence of either B cell replenishment from the bone marrow 
or compensatory hyperproliferation of circulating B cells. Taken together, these 
findings indicate that it is highly unlikely that the decrease in circulating B cells 
in patients with newly diagnosed GCA and PMR resulted from an actual loss of B 
cells. Instead, our data pointed at redistribution or intravascular marginalization 
of B cells during active disease.

Modulated serum levels of BAFF suggested that B cells were redistributed 
rather than marginalized in patients with newly diagnosed GCA or PMR. A recent 
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study indicated that the serum level of BAFF in humans is highly dependent 
on the number of circulating B cells [30]. This observation is further supported 
by findings from clinical trials of B cell depletion therapy [31, 41]. Intravascular 
marginalized B cells would probably still consume BAFF, as they remain in 
contact with the blood. Interestingly, serum BAFF levels were initially increased 
in patients with newly diagnosed GCA or PMR, but readily decreased upon the 
return of B cells during remission. Overall, serum BAFF levels showed a strong 
inverse correlation with circulating B cell numbers in patients with GCA or PMR. 
Although we cannot exclude the possibility that corticosteroids directly suppressed 
BAFF production to some extent [42], the increased serum levels of BAFF in 
corticosteroid-treated patients experiencing a relapse does not support such 
an effect. High levels of BAFF may favour selection of autoreactive B cells in 
autoimmune diseases [43]. Therefore, it would be interesting to study whether 
BAFF plays a role in the development of the various autoantibodies observed 
in GCA and PMR [11-15]. Although BAFF may also induce IL-6 production by 
monocytes [32, 33], we demonstrated that this process requires nonphysiologic 
BAFF concentrations that are much higher than the BAFF levels measured in the 
serum of patients with newly diagnosed GCA and PMR.

Of note, the return of B cells to the circulation in treated patients with GCA or 
PMR in remission was not an effect of corticosteroid treatment per se. Although 
corticosteroids can influence the homing of B cells in healthy humans, they usually 
direct B cells toward the tissues instead of the circulation [38]. Furthermore, B 
cells only returned in treated patients whose disease was in remission, and not 
in treated patients experiencing a relapse. Thus, the redistribution and return 
of B cells toward the circulation seemed to be associated with disease activity 
rather than corticosteroid treatment.

Although lymphocytes can be redistributed toward peripheral sites of 
inflammation, inflamed arteries and joints are likely not the most important 
homing sites for B cells during active GCA and PMR, respectively. Consistent 
with previous studies [6-10], we observed low-to-moderate numbers of B cells in 
the temporal arteries of GCA patients. Since B cells were not the predominant 
cells in the inflamed arteries, it seems unlikely that the decrease in circulating B 
cells in patients with active GCA was solely the effect of B cell migration toward 
inflamed arteries. Moreover, circulating numbers of B cells did not correlate 
with the number of inflamed arteries on the FDG-PET/CT scan in GCA patients 
with large vessel involvement. In addition, others have shown that very few B 
cells are present in the inflamed synovial tissue of PMR patients [5]. Therefore, 
we conclude that peripheral sites of inflammation, i.e., arteries and joints, are 
unlikely the primary homing sites for B cells during active GCA and PMR.

The exact reservoir for B cells during active GCA and PMR remains to be 
established, but secondary lymphoid tissues likely represent important homing 
sites for redistributed B cells in both diseases. Here, activated B cells can undergo 
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isotype-switching under the influence of T cell help [44]. Indeed, several findings 
indicate that enhanced B cell activation and isotype-switching occur in GCA and 
PMR patients. The prevalence of various IgG autoantibodies is increased in both 
GCA and PMR [11-14]. In GCA patients, we also noted a profound expansion of 
circulating unswitched memory B cells. This finding may suggest that B cells 
in the secondary lymphoid tissues of GCA patients are also activated in the 
absence of T cell help [45]. Interestingly, unswitched memory B cells are induced 
and maintained by the signalling of Toll-like receptors that are also implicated 
in the pathogenesis of GCA, such as Toll-like receptor 4 [46].

Ample evidence indicates that B cells produce not only antibodies, but also 
cytokines that modulate immune responses [34]. Intriguingly, inflammatory Beff 
cells rather than suppressive Breg cells seemed to be redistributed in patients with 
newly diagnosed GCA or PMR. Recently, decreased numbers of IL-10–producing Breg 
cells were found in ANCA-associated vasculitis [47], whereas normal numbers of 
Breg cells were found in other autoimmune diseases [22]. Our findings indicated 
that circulating Breg cells may not be subject to redistribution in patients with 
newly diagnosed GCA or PMR. Only TNF -producing Beff cells [34] seemed to 
leave the circulation during active disease. Interestingly, returning Beff cells 
in patients with GCA or PMR demonstrated an enhanced potential to produce 
IL-6. This finding is relevant, since IL-6–producing B cells may potentiate T cell–
mediated autoimmunity in humans [24]. More specifically, IL-6 is currently thought 
to promote the pathogenic Th17 response in GCA and PMR [4, 48]. Since IL-6 
production by B cells is promoted by T cell help [24], and IL-6 is important for 
the development of Th17 cells [4], our findings point toward a delicate interplay 
between B cells and T cells in GCA and PMR. It would be interesting to evaluate 
whether IL-6 receptor blockade or B cell depletion therapy ameliorates disease 
activity in patients with GCA or PMR.

In conclusion, we demonstrate for the first time that the homeostasis of B cells 
is highly disturbed in patients with newly diagnosed GCA or PMR. B cells, including 
Beff cells, are decreased in the circulation during active disease, but return during 
corticosteroid-induced remission. B cells likely contribute to the enhanced IL-6 
response of patients with GCA or PMR. Our results justify further studies into B 
cells as biomarkers and possible targets for treatment in GCA and PMR.
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Supplemental table 1. Patient characteristics.

HC nGCA nPMR nRA
No. of subjects 40 16 18 11

Age, mean (SEM) 70 (±1.2) 69 (±2.0) 71 (±2.1) 70 (±1.8)

Sex, no. female (%) 27 (68%) 12 (75%) 12 (67%) 11 (100%)

TAB or FDG-PET-CT scan, no. 
positive for LVV (%)

NA 15 (94%) NA NA

Associated PMR, no. NA 3 NA NA

Leukocyte number, mean 
(SEM) 109 cells/L

6.2 (±0.2) 9.1 (±0.6) 9.1 (±0.6) 7.7 (±1.0)

ESR, median (range) mm/hr 11 (3-26) 61 (31-116) 52 (30-107) 29 (2-96)

CRP, median (range) mg/L 2.5 (2.5-7) 43 (11-116) 46 (16-186) 25 (2.5-108)

DAS28, median (range) NA NA NA 5.5 (3.2-7.8)

Characteristics of newly-diagnosed, corticosteroid/DMARD-free GCA patients (nGCA), PMR patients (nPMR) 
and RA patients (nRA) and healthy controls (HCs). No. = number. LVV = large vessel vasculitis. TAB = temporal 
artery biopsy. ESR = erythrocyte sedimentation rate. CRP = C-reactive protein. SEM = standard error of the 
mean. NA = not applicable. 

Supplementary materials
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Supplemental figure 1. TNF- and IL-10 production in B cell differentiation subsets. 
Whole blood samples of rGCA (n=5) and rPMR (n=5) patients were stimulation with PMA 
and Ca2+ ionophore in the presence of brefeldin A for 4 hours. Data are shown for 
GCA and PMR patients combined. (A) Intracellular TNF-  and IL-10 was measured in four 
distinct CD27/IgD defined B cell differentiation subsets. (B) Pie charts represent median 
proportions of TNF- +IL-10-, TNF- +IL-10+, TNF- -IL-10+ and TNF- -IL-10- cells among the 
four CD27/IgD defined B cell differentiation subsets.




