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ABSTRACT
Background: It remains unknown whether and how B lymphocytes contribute to 
the pathogenesis of spondyloarthritis (SpA), a seronegative arthritis associated 
with gut inflammation. As innate-like CD5+ B lymphocytes with regulatory functions 
have been identified in colitis models, we analyzed the presence and function of 
CD5+ B cells in SpA. 

Methods: Peripheral blood B cells were analyzed by flow cytometry in SpA, healthy 
controls (HC) and rheumatoid arthritis (RA). Synovial biopsies were analyzed by 
immunohistochemistry. Sorted CD5+ and CD5- B cells were analyzed for somatic 
hypermutation, the expression of costimulatory molecules, and cytokine production. 

Results: The naïve, marginal zone-like, and to a lesser extend memory B cell 
compartments of SpA but not RA displayed a clear and specific increase of CD5+ B 
cells. This increase was neither due to B-cell activation nor to preferential migration 
of CD5- B cells to the inflamed synovium. In line with their phenotype and the 
low affinity, poly-reactive immunoglobulins produced by their murine counterparts, 
SpA CD5+ B cells showed low levels of somatic hypermutation. As to antigen 
presentation, CD5+ B cells expressed slightly increased HLA-DR but low CD80 and 
CD86 levels. In vitro activation failed to upregulate these costimulatory molecules 
but induced significant production of IL-10 and IL-6 by CD5+ B cells. 

Conclusion: CD5+ B cells are specifically increased in SpA. Analysis of somatic 
hypermutation, expression of antigen presenting and costimulatory molecules, and 
cytokine production indicate that this B-cell subset has regulatory capacities. These 
data warrant further investigation of their potential role in SpA. 
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INTRODUCTION
Spondyloarthritis (SpA) is the second most prevalent form of chronic inflammatory 
arthritis. The inflammatory process can affect both the axial skeleton and the 
peripheral joints and is associated with abnormal new bone formation and ankylosis. 
Despite the genetic linkage with the MHC class I molecule HLA-B27, the exact 
pathophysiology of the disease remains largely unknown (1). It remains uncertain 
whether SpA is truly an autoimmune disease triggered by abnormal reactivity of T 
and/or B lymphocytes towards self antigens (2). 

Several histological, experimental, and clinical observations support the concept 
that B lymphocytes may be involved in SpA pathophysiology. B cells and plasma 
cells are found in peripheral synovitis in SpA (3,4) as well as in the subchondral 
bone marrow of axial SpA (5). The B cell infiltration in peripheral SpA synovitis 
is often organized in aggregates (6,7) and, even if germinal center-like features 
remain rare, can display molecular features of antigen-driven clonal B cell expansion 
(8,9). Besides this indirect evidence from immunopathological studies, a direct 
functional role for B cells in SpA pathogenesis was suggested by the contribution 
of humoral immunity towards versican to the induction of experimental spondylitis 
and sacroiliitis in BALB/c mice (10). More recently, a small open-label trial with B cell 
depletion in human axial SpA showed modest beneficial effects in the TNF-blocker 
naïve subset of patients (11).

Other observations, however, question whether B cells in general and autoreactive B 
cells in particular are pivotal to the pathogenesis of SpA. Firstly, there are no known 
autoantibodies in SpA. Rheumatoid arthritis and systemic lupus erythematosus-
associated autoantibodies are absent in SpA, with the exception of the drug-induced 
anti-dsDNA IgM antibodies observed upon anti-TNF treatment (12). Accordingly, 
SpA does not share genetic risk factors such as SNPs in PTPN22 and CTLA-4 with 
these autoantibody-associated rheumatic conditions (13). Secondly, the synovial 
infiltration with B and plasma cells does not disappear and, in sharp contrast with 
macrophage and T cell infiltration, can clearly increase upon successful treatment 
with TNF blockade (14,15). Finally, SpA can occur in the absence of B cells and the 
clinical response of the disease to B cell depletion is certainly not clear cut (16,17). 

Emerging data from animal models indicate that B cells not only contribute to 
inflammatory pathology by terminal differentiation to autoantibody-producing 
plasma cells, by antigen presentation (18), and/or by cytokine production but can 
also downregulate inflammation in EAE and CIA animal models (19, 20, 21). This 
has also been described in colitis models where peritoneal CD5+CD1d+ innate-like 
regulatory B cells produce high amounts of IL-10 (22). Interestingly, several case 
reports have reported the appearance and/or flair of human inflammatory bowel 
disease (IBD) after B cell depletion (23-25). Considering the well-established link 
between IBD and SpA (26), this study aimed to characterize in detail the B cell 
compartment in SpA with special focus on CD5+ innate-like B cells. 
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MATERIALS AND METHODS
Patients and samples

Blood was collected from 15 female and 24 male patients fulfilling the ESSG criteria 
for SpA (27) with a median age of 43 (35-59) years and disease duration of 2.3 
(0.7-6.6) years. Median C-reactive protein levels (CRP) were 2.0 (1-6.2) mg/L and 
erythrocyte sedimentation rate (ESR) 5 (2-8) mm/h. Seven of the patients were 
treated with disease modifying anti-rheumatic drugs (DMARD) (3 patients with 
sulphasalazine and 4 with methotrexate), none was treated with TNF blockade. 
Patients were classified as followed: 9 psoriatic arthritis, 1 USpA, and 29 AS patients. 
62% had axial and 38% had peripheral joint involvement. As disease controls, blood 
was collected from 18 female and 5 male RA patients fulfilling ACR criteria (28) with 
a median age of 57 (45-65) years and disease duration of 3.4 (1.3-5.7) years. CRP 
levels were 4.2 (1.9-17.4) mg/L and ESR was 21 (6.5-28) mm/h. Swollen joint count 
was 3 (1-4). 57% of the patients were treated with DMARDs. 61% were positive for 
anti-citrullinated protein antibodies and 59% for rheumatoid factor. Blood was also 
collected from 26 healthy controls (HC) age and gender matched to the SpA cohort: 
median age was 40 (32-49) years and 38% was female. Additionally, we obtained 
peripheral blood samples from SpA patients at week 0 and week 12 of treatment 
with the TNF blocker adalimumab (N=12). Synovial tissue biopsies were collected 
from actively inflamed joints by needle arthroscopy in 7 RA patients and 6 SpA 
patients (29). All patients signed a written informed consent to participate to the 
study as approved by the local Medical Ethics Committee. 

Phenotyping

Peripheral blood mononuclear cells (PBMC) were isolated using Ficoll gradient 
centrifugation (Axis-Shield, Oslo, Norway). Cells were stained using the following 
antibodies: anti-CD19 PercP-Cy5.5, anti-CD3 PE-Cy7, anti-IgD-FITC or anti-IgD-PE, 
anti-IgM-PE, anti-HLA-DR-PE, anti-CD40-PE, anti-CD5-APC, anti-CD80-PE, anti-
CD86-PE, anti-CD69-FITC, anti-CD1d-PE, anti-CD38-PE (all from BD Bioscience, 
San Jose, CA) and anti-CD27-APC-Alexa 750 (eBioscience, San Diego, CA). 
Fluorochrome-matched isotype controls were included. Samples were analyzed 
using the FACSCanto (BD Bioscience) and results are reported as mean fluorescence 
intensity or as percentage positive cells compared to the isotype controls.

Double stainings

Synovial tissue biopsies were processed as described (4). Sections were fixed in 
acetone and endogenous peroxidase was blocked with 1% H2O2. Non-specific 
staining was blocked with 10% goat serum and tissues were incubated with a 
cocktail of anti-CD5 (BD Bioscience) and anti-CD20 (Thermoscientific). After 
washing, goat anti-mouse IgG1 AP and goat anti-mouse IgG2a HRP (Southern 
Biotech, Birmingham, AL) were applied. Staining was visualised with Vector blue 
substrate and Vector Nova Red (Vector laboratories, Burlingame, CA). 
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Cell sorting

B cells were negatively isolated using Dynal magnetic beads (Invitrogen, Carlsbad, 
CA). B cells were stained with anti-CD3-PEcy7, anti-CD19-PercPcy5.5, anti-CD5-APC 
and anti-IgD-FITC (BD Bioscience) and sorted using the FACSAria (BD Bioscience) 
in CD3-CD19+CD5- or CD3-CD19+CD5+ cells. Cells were either sorted in 50% fetal 
calf serum (FCS) for culture or in RNAlysis buffer (RNeasy Mini Kit, Qiagen, Hilden, 
Germany) for RNA extraction. 

Culture

Cells were counted and cultured in RPMI (Gibco, Invitrogen) complemented with 10% 
fetal calf serum (PAA, Paching, Austria), L-glutamine, 25 mM HEPES, streptomycin 
(100 ng/ml) and penicillin (10U/ml) (all from Gibco, Invitrogen). Median yield was 4.4 
(1.8 – 8.1)*105 CD5- B cells and 0.9 (0.4-1.9)*105 CD5+ B cells. Cells were equally 
divided in 3 portions and cultured at a density of 0.5 – 1 *106/ml in medium (control), 
in the presence of 1 ug/ml CpG (Invitrogen) and 500 U/ml IL-2 (Peprotech, Rocky Hill, 
NJ) (TLR stimulation), or in the presence 100 ng/ml trimeric CD40L (Enzo Life Sciences, 
Farmingdale, NY), 5 ug/ml anti-IgM (clone MH15, in house manufactured) and 500 U/ml  
IL-2 (BCR stimulation). After 36h of culture, the supernatant was harvested for ELISA 
and cells were directly stained for phenotyping or stored in buffer RLT (Qiagen). 

Flow cytometric analysis of IL-10 producing B cells

PBMC were cultured in RPMI complete medium with 1000 ng/ml of human recombinant 
trimeric CD40L and 10 μg/ml of CpG overnight. During the last 5 hours of culture, 
50 ng/ml of PMA (Sigma Aldrich), 1μg/ml of Ionomycin (Sigma Aldrich) and 10 μg/ml  
Brefeldin A (Sigma Aldrich) were added. Cells were fixed in 2% p-formaldehyde and 
permeabilized in 0.05% saponine in PBS and stained with CD19-Alexa700, CD3-
PerCPCy5.5 and CD5-PEcy7 (BD biosciences) and IL10-PE (ebioscience). 

RNA extraction and RT-PCR

RNA was extracted according the manufacturers instructions (RNeasy Mini Kit, 
Qiagen) and used for cDNA synthesis using RevertAid First Strand cDNA Synthesis 
Kits (Fermentas, Leon-Rot, Germany). 2 μl 1/10 diluted cDNA was used for all 
reactions and added to the TaqMan Master Mix (Applied Biosystems, Carlsbad, CA). 
Primers were purchased from Applied Biosystems. The IL-10 primer/probe pair was 
FAM/MGB labeled and the GAPDH primer/probe pair was VIC/TAMRA labeled. All 
samples were run in duplo with a reference sample (cDNA from PBMC of 6 HC) on 
all plates with the StepOne Realtime PCR system (Applied Biosystems). Data were 
analyzed using StepOne software (Applied Biosystems). mRNA expression levels 
are calculated using the e∆∆CT method. 

B cell receptor analysis

RNA of sorted B cells from 3 SpA patients (CD5+ and CD5-) and 3 matched healthy 
controls (only CD5+ B cells) was extracted using RNeasy Mini Kit (Qiagen) according 
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the manufacturer’s instructions. cDNA was synthesized using Superscript II reverse 
transcriptase (Invitrogen). Primers were purchased from Biolegio (Nijmegen, The 
Netherlands) and used in a linear amplification protocol as described earlier (30, 
31). Shortly, a set of 6 Vheavy family primers for all possible B cell receptor (BCR) 
Vheavy-genes was designed for the first amplification step (primers available on 
request). During a second amplification step, 1 reverse primer was used, amplifying 
all possible Jheavy-genes. All samples were tagged with both primerA and primerB 
sequences according to the manufacturer’s instructions for Amplicon sequencing 
using the Genome Sequencer FLX platform (454/Roche). Samples were separated 
using a unique 5-base long Multiplex Identifier (MId) sequence for every sample. 
After sequencing, data was recovered using a customized BLAT-algorithm (30, 31). 

ELISA

Anti-human IL-6 ELISA was purchased from Sanquin (Amsterdam, The Netherlands) 
and performed following the manufacturer’s instructions. 

Statistical Analysis

As the data were non-parametrically distributed, results are represented as median 
(interquartile range) and compared using the Mann-Whitney test for unpaired data 
and the Wilcoxon signed rank test for paired data. Multiple group comparison was 
done by Kruskal-Wallis test. A P value of < 0.05 was considered statistically significant. 

RESULTS
Increase in CD5+ peripheral blood B cells in SpA

Phenotyping of the peripheral B-cell compartment in SpA versus HC indicated no 
differences in total numbers of CD19+ cells (4 (2.2-7.1) versus 5.2 (4.5 – 9.7) *105/ml) 
as well as percentage CD19+ cells (6% (4-10) versus 9% (6-14.0)). Further subtyping 
revealed no significant differences between SpA and HC in IgD+CD27- naïve B cells 
(60% (45-71) versus 65% (53-74)), IgD-CD27+ memory B cells (8% (4-11) versus 8% 
(6-14)), IgD+CD27+ marginal zone-like cells (17% (13-24) versus 12% (9-23)), and 
CD38high plasmablasts (2% (1-7) versus 3% (1-6)). We observed a marked increase of 
the percentage of B cells expressing CD5 in SpA compared to HC (P<0.05, Fig 1B). 
This increase was specific for SpA rather than just a reflection of the inflammatory 
conditions as the percentage of CD5+ B cells in RA as inflammatory arthritic control 
group was not increased compared to HC. In accordance, percentage of CD5+ cells 
was higher in SpA compared to RA (P=0.06, Figure 1B). The increase of CD5+ B 
cells in SpA versus age-matched HC was observed in both the naïve and marginal 
zone-like B-cell subpopulations (both P<0.01) (Fig1B-D). 

Additional subanalysis of the SpA and RA cohorts indicated that the percentage 
of CD5+ B cells was not related to disease activity as there was no significant 
correlation with SJC, CRP or ESR. The percentage of CD5+ cells was not dependent 
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of DMARD treatment with, for example, a median of 22.7% CD5+ cells for untreated 
patients versus 19.2% for treated patients in the SpA cohort. In addition, there was 
no significant difference in percentage of CD5+ cells between PsA (20.2%) and AS 
(26.4 %) or between axial disease (21.8%) and peripheral disease (22.7%) 

In contrast with mice, where the CD5+ B cells are characterized by high CD1d 
expression (32), we did not observe increased CD1d expression on CD5+ versus 
CD5- B cells in either SpA or HC. Actually, the MFI of CD1d was lower in CD5+ than 
CD5- B cells in SpA (964 (815 – 1150) versus 1232 (1055 -1322), respectively) as well 
as in HC (1528 (1108 – 1962) versus 2288 (1474 – 2523), respectively). Accordingly, 
SpA B cells showed even a lower expression of CD1d compared to HC (MFI 1007 
(813 – 1565) versus 1982 (1595 – 2564), P<0.01). Taken together, these data 
indicate that the naïve, marginal zone-like, and to a lesser extend memory B-cell 
compartments of SpA patients display a clear and specific increase of CD5+ B cells 
which do not express high levels of CD1d.

Activation status of CD5+ B cells 

Human CD5+ B cells have been proposed to constitute a separate B-cell population 
possibly corresponding to mouse B1a B cells (33). However, conventional B cells were 
also reported to upregulate CD5 expression upon activation by BCR stimulation (34). 

Figure 1. Percentage of peripheral blood CD19+ B lymphocytes expressing CD5 in 
spondyloarthritis (SpA, N=19)) versus healthy controls (HC, N=12) and rheumatoid 
arthritis (RA, N=23). The analysis was performed in the total CD19+ B cell pool (A), in the 
IgD+CD27- naive subset (B), in the IgD +CD27+ marginal-zone like subset (C), and in the 
IgD-CD27+ memory subset (D). Data are represented as median (interquartile range). * 
P<0.05; ** P<0.01.
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Even if the higher numbers of CD5+ B cells in the naïve and marginal zone-like 
compartments in comparison with the memory cells are difficult to explain by the 
latter hypothesis, we aimed to exclude more formally that increased activation would 
lead to the increase of CD19+CD5+ cells observed in SpA. Firstly, in vitro culture of 
sorted CD5- B cells from HC (N=8) showed that the CD5 expression (22% (8.5–34.4) 
CD5+ cells after culture in medium alone) was affected neither by BCR stimulation 
(29% (26 – 50)) nor by CpG stimulation (38% (20 – 43)). Similar data were obtained 
in SpA (N=12) (24.7% (13.4–38.6) of CD5+ cells in medium alone, 25% (17.8–38.1 
after BCR stimulation and 27% (18.8–38.4) after CpG stimulation). Secondly, direct 
ex vivo analysis showed that the expression of the early activation marker CD69 
on B cells was not different between SpA and healthy controls, even if it was more 
highly expressed on CD5+ versus CD5- B cells in healthy controls (P<0.05) as well as 
SpA (P=0.09, Fig 2A). Confirming the absence of increased B-cell activation in SpA, 
the expression of CD40 was decreased in both the CD5+ and CD5- B cells in SpA 
versus HC (P=0.01 and P<0.01, Fig 2B). Thirdly, the previously mentioned absence 
of a similar increase in RA suggests that the increase in CD19+CD5+ cells in SpA 
cannot be explained by global inflammation or preferential migration of CD5- B 
cells to inflamed synovial tissue. This was confirmed by analysis of SpA peripheral 
blood before and 12 weeks after TNF blockade which did not show a significant 
alteration of the CD5+ peripheral blood B-cells (Fig 2C), and by the demonstration 
that 15-20% of the synovial tissue B cells express CD5 (Fig 2D). Taken together, 
these data indicate that, albeit CD19+CD5+ cells show signs of activation, the 
increase of the CD5+ B cells observed in SpA peripheral blood can not be explained 
by increased B-cell activation or selective migration to inflamed tissues. 

Low levels of somatic hypermutation in CD5+ B cells 

As the data discussed above suggested that the CD5+ B cells represent a distinct 
subset in SpA, we next investigated their functional characteristics in terms of 
BCR/antibody repertoire, antigen presentation, and cytokine production. The fact 
that CD5+ cells are mainly found in the naïve and marginal zone-like compartment 
suggest that the cells have not undergone extensive somatic hypermutation and 
affinity maturation. To analyze directly the immunoglobulin repertoire of CD19+CD5+ 
cells, we sequenced the full BCR repertoire of sorted CD5+ and CD5- B cells of 3 SpA 
patients. The CD5+ and CD5- subsets were similar in the use of Vheavy families and 
the degree of clonal expansion (0,046% ± 0,019 and 0,024% ± 0,016, Fig 3A and 
B). However, the degree of somatic hypermutation, defined here as the percentage 
of mutated clones over the total number of detected clones, was 3 fold lower in 
the CD5+ B cells than in the CD5- subset in SpA (Fig 3C), both in the CDR3 and the 
CDR2 region. These characteristics appeared to be general features of CD5+ B cells 
as they were also observed to a similar degree in sorted cells from 3 HC (data not 
shown). The low level of somatic hypermutation is compatible with the concept that 
CD5+ B cells carry low affinity, poly-reactive immunoglobulins.
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Low expression of costimulatory molecules on CD5+ B cells

Although antigen presentation cannot be tested functionally without knowledge 
of the antigen-specificity of the B and T cells, we assessed whether the CD5+ B 
cells expressed antigen-presenting and costimulatory molecules to induce T-cell 
activation. Expression of HLA-DR was slightly but significantly increased in the 
CD5+ versus the CD5- B-cell subset in both HC and SpA (both P<0.05, Fig 4A). 
We observed a decrease of HLA-DR expression on both the CD5+ (P<0.01) and 
the CD5- B cells (P=0.02) in SpA versus HC (Fig 4A). In contrast, expression of 
the costimulatory molecules CD80 and CD86 was not different between HC and 
SpA, but in both conditions the CD80 (P=0.01 and P<0.01) and CD86 (P=0.02 and 
P=0.06) were decreased in CD5+ versus CD5- B cells (Fig 4B and C). The lower 
expression of CD80 and CD86 contrasts with the higher expression of CD69 and 
HLA-DR on the CD5+ B cells and therefore suggest a blockade in the upregulation 
of these costimulatory molecules in CD19+CD5+ cells. To test this hypothesis, we 
assessed whether HC and SpA CD5+ B cells could upregulate CD80 after in vitro 
stimulation. Sorted CD5+ B cells of HC showed a 2.5 (0.5 – 3.4) fold upregulation of 
CD80 compared to a 5.2 (0.9 – 8.0) fold upregulation by the CD5- B cells after BCR 
triggering (Fig 4D). This difference was more pronounced in SpA where CD5+ B cells 

Figure 2. (A, B) Paired analysis of the activation status of CD5+ B cells measured as 
percentages of CD69+ cells and MFI of CD40 expression (N=7 HC and 19 SpA patients). 
Data are shown as median (interquartile range) (C) Paired analysis of the percentage of 
CD19+CD5+ cells in the blood of SpA patients treated 12 weeks with the TNF blocker 
adalimumab (N=12). (D) Double immunohistochemical staining of CD5 (blue) and CD20 
(red) in the inflamed synovial tissue of an SpA patient. Arrows indicate double positive cells.
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showed no clear increase (0.6 (0.5-1.8) fold) of CD80 compared to a 6.6 (2.3 – 12.4) 
fold upregulation in CD5- SpA B cells upon BCR triggering (P=0.03, Fig 4E). A similar 
trend was observed after TLR triggering with a 2.9 (0.8 – 10.7) fold upregulation in 
CD5+ B cells versus a robust 10.3 (4.7 – 15.5) fold increase in CD5- SpA B cells (data 
not shown). These data indicate that, despite high HLA-DR expression, CD5+ B cells 
have relatively low levels of the costimulatory molecules CD80 and CD86 and do 
not upregulate these molecules upon activation. 

Cytokine production by CD5+ B cells

CD5+ B cells have been reported to specifically produce high amounts of IL-10 after 
activation (32). In order to investigate if this IL-10 production is also a feature of the 
CD19+CD5+ cells in SpA, we sorted CD5+ and CD5- B cells and stimulated them by 
BCR or TLR triggering. As IL-10 production was too low to be detected by ELISA in 
the culture supernatant, IL-10 was analyzed by qPCR. CD5+ B cells produced more 
IL-10 than CD5- B cells upon BCR stimulation (P=0.06) (Fig 5A) but not upon TLR9 
stimulation (Fig 5B). To confirm and extend these data, we assessed by intracellular 

Figure 3. Use of Ig Vheavy families (A), clonal frequencies (B) and percentage of somatic 
hypermutation (C) in CD5+ B cells versus CD5- B cells in 3 spondyloarthritis (SpA) patients. 
Both the use of V heavy families and clonal frequency is comparable in CD5+ and CD5- B cells 
in SpA. The degree of somatic hypermutation (SHM) was approximately 3 fold lower in the 
CD5+ B cells than in the CD5- B-cell subset.
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flow cytometry the IL-10 production by CD5+ versus CD5- B cells after in vitro 
stimulation with CpG and CD40L. As shown in Figure 5C, the percentage of IL-10 
positive B cells was significantly higher in the CD5+ B cell fraction (5.6%; 4.4-8.1%) 
versus the paired CD5- B cell fraction (2.9%; 1.9-3.6%). This difference was observed 
in HC, SpA as well as RA samples (P=0.002). To assess whether this effect was 
specific for IL-10, we additionally investigated the production of IL-6: CD19+CD5+ 
cells secreted higher amounts of IL-6 than their CD5- counterparts both after BCR 
stimulation (P=0.03) (Fig 5D) and TLR9 stimulation (P=0.03) (Fig 5E). Taken together, 
these data indicate that the CD5+ B cells found in SpA can secrete both pro- and 
anti-inflammatory cytokines depending on the activation conditions. 

DISCUSSION
The main finding of the present study is the significant and specific increase of 
circulating CD5+ B cells in SpA. CD5+ B cells have been extensively studied in mice 
where they belong to the B1 population, express high levels of CD1d, and regulate 
inflammatory responses by different mechanisms including the production of IL-10 
(32,33). The identity and origin of CD19+CD5+ cells is more equivocal in humans as 

Figure 4. A-C: Analysis of antigen presenting and costimulatory molecules on CD5+ B cells. 
HLA-DR (A), CD80 (B) and CD86 (C) expression were analyzed on CD5- and CD5+ peripheral 
blood B cells in healthy controls (HC, N=7) and spondyloarthritis (SpA, N=6). (D-E) CD80 
expression was also analyzed after in vitro B cell receptor stimulation of sorted CD5- and 
CD5+ B from HC (D) and SpA (E). Data are represented as median (interquartile range). * 
P<0.05; ** P<0.01.
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they may comprise a B-cell subset with constitutive expression of CD5 and a B-cell 
population expressing CD5 upon activation (34). The latter subset is unlikely to 
explain the increased CD5+ cells in SpA as there was no significant increase of CD69 
and CD40 expression and in vitro stimulation failed to upregulate CD5 expression. 
However, one can not formally exclude that other forms of activation than studied 
here (BCR and TLR stimulation) could lead to increased CD5 expression by SpA B 
cells. Constitutively expressing CD5 B cells have been proposed to be the counterpart 
of murine B1a cells (34). CD5 expression was also evidenced on pre-naïve B cells 
and on transitional B cells, including the recently identified CD19+CD24hiCD38hi 
regulatory B cells (35, 36). However, the large CD5+ B cell population in SpA is 
unlikely to comprise only these two subsets as the total number of IgD+CD27- naïve 
and transitional B cells was not increased and as CD19+CD5+ cells also represented 
a significant proportion of the IgD+CD27+ cells. These are of particular interest as 
they were proposed to represent a pre-diversified, antigen-independent population 
of cells sharing characteristics with marginal zone and B1 cells (37-39). 

Whereas further detailed phenotypic characterization remains warranted, the reason 
for the expansion of the CD19+CD5+ cells in SpA remains unclear. It is unlikely that 

Figure 5. (A-B) IL-10 production measured by Taqman RT-PCR in sorted CD5+ or CD5- 
CD19+ B cells after 36h of stimulation with anti-IgM, IL-2 and CD40L (BCR stimulation) 
or CpG (TLR stimulation) (N=6 SpA patients). (C) % of IL-10 producing CD5+ and CD5- B 
cells after stimulation of total PBMC with combined CD40L/CpG stimulation overnight. 
(N=4 SpA patients). (D-E) IL-6 production of sorted CD5+ or CD5- CD19+ B cells after 36h 
of stimulation with anti-IgM, IL-2 and CD40L (BCR stimulation) or CpG (TLR stimulation) 
measured by ELISA and corrected for the number of B cells (N=6 SpA patients) Bars 
represent median values and interquartile range. * P < 0.05
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it is just a secondary epiphenomenon due to inflammation as the number of CD5+ B 
cells was not correlated with parameters of disease activity in SpA (data not shown), 
did not decrease upon effective anti-inflammatory treatment with TNF blockers, and 
was not observed in active RA. In addition, we could not show an accumulation of 
CD5- B cells to inflamed tissues, both in RA and SpA. These data thus suggest that 
the expansion of the CD5+ B cell pool is an intrinsic and specific feature of SpA. As in 
mice CD5+ B cells are mainly found in the peritoneal cavity and the mucosa, where 
they are known to downregulate inflammation and maintain homeostasis (22), it is 
tempting to speculate that the alterations in the CD5+ B cell pool that we observe in 
SpA are related to the close relationship with IBD. Surprisingly, however, studies in 
human IBD reported that the circulating CD5+ B cells were decreased in ulcerative 
colitis and decreased or unaltered in Crohn’s disease (39-41). Even though none of 
the SpA patients included in the present study had overt IBD, this paradox between 
SpA and IBD warrants further studies to investigate to what extend the alteration 
in the CD5+ B-cell pool may be related to subclinical gut inflammation or control 
thereof in SpA (26). Moreover, it should be investigated whether growth factors and 
cytokines involved in the expansion and maintenance of peritoneal and mucosal B 
cells in mice are also involved in the regulation of the CD5+ B cell pool in humans.

The specific increase of the circulating CD19+CD5+ cells in SpA is not only of 
interest because of the potential relationship with gut involvement but also because 
evidence suggests that this population may have regulatory functions. Their 
suppressive functions have been demonstrated in a wide variety of inflammatory 
models ranging from colitis and experimental autoimmune encephalitis (EAE) to 
delayed contact hypersensitivity (19-22). CD5 itself has been demonstrated to 
affect B-cell function by negative regulation of BCR signaling (42, 43) as well as by 
inducing the production of IL-10 (33, 44). Moreover, both murine and human CD5+ 
B cells have been shown to produce low affinity, polyreactive antibodies resembling 
natural autoantibodies, which could have a protective role in mucosal immunity (45). 
We show similar features of the CD19+CD5+ cells in SpA. Firstly, the cells showed 
low levels of somatic hypermutation, which fits with their predominant presence in 
the naïve and IgD+CD27+ subset. We are currently investigating whether, like murine 
B1a cells, human CD5+ B cells could be the precursors of plasma cells producing 
low-affinity multispecific natural antibodies. Secondly, CD5+ B cells displayed low 
levels of CD80 and CD86 both ex vivo and after in vitro activation. Presentation 
of antigens in the context of MHC class II molecules in the absence of appropriate 
costimulation is known to lead to T cell anergy. In experimental colitis and EAE, B7 
costimulation plays an important role in downregulating pathogenic T-cell clones 
and upregulating regulatory T cells (22, 46). Thirdly, CD5+ B cells from SpA patients 
produced higher levels of IL-10 than their CD5- counterparts upon stimulation, 
both at the mRNA and protein level. IL-10 production by CD5+ B cells is one of 
the major effector functions of regulatory B cells in different experimental models 
(47). However, the CD5+ B cells also produced higher levels of IL-6 indicating the 
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plasticity and complexity of the functions of these cells. Despite the similarities with 
the regulatory murine CD5+ B cells, it remains unclear whether, when and how this 
regulatory phenotype translates into a regulatory function in human SpA.

The potential regulatory role for CD19+CD5+ cells in vivo has been suggested 
in a number of other immune-mediated inflammatory diseases using different 
translational approaches. In systemic lupus erythematosus (SLE), peripheral blood 
B cells display reduced levels of CD5, which could promote the activation and 
expansion of autoreactive B cells, and the CD5 expressing CD19+CD24hiCD38hi 
regulatory B cells are functionally impaired (36, 48). In kidney graft transplantation, 
operational tolerance is associated with a strong B-cell signature and an increased 
number of circulating B cells with an inhibitory phenotype, including CD5 expression 
(49, 50). In RA and SLE, reconstitution with transitional B cells, which express CD5, 
after rituximab treatment was suggested to be associated with prolonged clinical 
responses (51, 52). As to the gut, where CD5+ B cells are thought to play an important 
role in maintaining mucosal immune homeostasis, B-cell depletion was reported to 
induce and/or exacerbate colitis (23-25). This indirect evidence for a regulatory role 
for CD19+CD5+ cells in different inflammatory diseases warrants to explore whether 
this B-cell subset can be specifically expanded and whether this expansion could 
have a beneficial clinical effect in controlling tissue inflammation. 

In conclusion, the present study demonstrated the specific expansion of circulating 
CD5+ B cells in SpA. The regulatory phenotype of these B cells warrants further 
analysis of their function in human and experimental SpA and associated diseases.
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