
Citation: Pellicano, C.; Colalillo, A.;

Carnazzo, V.; Redi, S.; Basile, V.;

Marino, M.; Basile, U.; Rosato, E. In

Systemic Sclerosis Patients,

Peripheral Blood CD21low B Cells

and Serum IL-4 and IL-21 Influence

Joint Involvement. J. Pers. Med. 2023,

13, 1334. https://doi.org/10.3390/

jpm13091334

Academic Editor: Kenneth

P.H. Pritzker

Received: 9 August 2023

Revised: 24 August 2023

Accepted: 28 August 2023

Published: 30 August 2023

Copyright: © 2023 by the authors.

Licensee MDPI, Basel, Switzerland.

This article is an open access article

distributed under the terms and

conditions of the Creative Commons

Attribution (CC BY) license (https://

creativecommons.org/licenses/by/

4.0/).

Journal of

Personalized 

Medicine

Article

In Systemic Sclerosis Patients, Peripheral Blood CD21low B
Cells and Serum IL-4 and IL-21 Influence Joint Involvement
Chiara Pellicano 1, Amalia Colalillo 1, Valeria Carnazzo 2, Serena Redi 2, Valerio Basile 3, Mariapaola Marino 4 ,
Umberto Basile 2,*,† and Edoardo Rosato 1,†

1 Department of Translational and Precision Medicine, Sapienza University of Rome, 00185 Rome, Italy;
chiara.pellicano@uniroma1.it (C.P.); amalia.colalillo@uniroma1.it (A.C.); edoardo.rosato@uniroma1.it (E.R.)

2 UOC of Clinical Pathology DEA II Level, Hospital Santa Maria Goretti-ASL Latina, 04100 Latina, Italy;
v.carnazzo@ausl.latina.it (V.C.)

3 Clinical Pathology and Cancer Biobank IRCCS Regina Elena National Cancer Institute, 00128 Rome, Italy
4 Dipartimento di Medicina e Chirurgia Traslazionale, Sezione di Patologia Generale, Università Cattolica del

Sacro Cuore, Fondazione Policlinico Universitario A. Gemelli, 00168 Rome, Italy;
mariapaola.marino@unicatt.it

* Correspondence: u.basile@ausl.latina.it
† These authors contributed equally to this work.

Abstract: Systemic sclerosis (SSc) patients have an increased frequency of CD21low B cells and of
serum interleukin-4 (IL-4) and IL-21, each possible markers of joint involvement in inflammatory
arthritis. The aim of this study was to investigate the possible influence of CD21low B cells, IL-4,
and IL-21 on joint involvement in a cohort of 52 SSc patients. The DAS28-ESR was correlated with
CD21low B cells (r = 0.452, p < 0.001), IL-4 (r = 0.478, p < 0.001), and IL-21 (r = 0.415, p < 0.001). SSc
patients with a DAS28-ESR > 3.2 had more CD21low B cells (12.65% (IQR: 7.11–13.79) vs. 5.08% (IQR:
3.76–7.45), p < 0.01), higher IL-4 levels (132.98 pg/mL (IQR: 99.12–164.12) vs. 100.80 pg/mL (IQR:
62.78–121.13), p < 0.05), and higher IL-21 levels (200.77 pg/mL (IQR: 130.13–302.41) vs. 98.83 pg/mL
(IQR: 35.70–231.55), p < 0.01) than patients with a DAS28-ESR ≤ 3.2. The logistic regression analysis
models showed that the DAI (OR: 2.158 (95% CI: 1.120; 4.156), p < 0.05) and CD21low B cells (OR:
1.301 (95% CI: 1.099; 1.540), p < 0.01), the DAI (OR: 2.060 (95% CI: 1.082; 3.919), p < 0.05) and IL-4 level
(OR: 1.026 (95% CI: 1.006; 1.045), p < 0.01), and the DAI (OR: 1.743 (95% CI: 1.022; 2.975), p < 0.05)
and IL-21 level (OR: 1.006 (95% CI: 1.000; 1.011), p < 0.05) were independently associated with a
DAS28-ESR > 3.2. An elevated CD21low B cell percentage, IL-4 level, and IL-21 level was associated
with higher articular disease activity in patients, suggesting a possible role in the pathogenesis of SSc
joint involvement.

Keywords: systemic sclerosis; arthritis; joint; DAS28; IL-4; IL-21; CD21low

1. Introduction

Systemic sclerosis (SSc) is an autoimmune disease characterized by microvascular
abnormalities due to endothelial dysfunction, skin and internal organ fibrosis, and aberrant
immune system activation with specific autoantibody production [1]. Articular manifes-
tations, such as generalized arthralgias, arthritis, joint contractures, and tendon friction
rubs (TFRs), are common in SSc, involving 46–97% of SSc patients during the disease
course, but mainly affecting patients with early diffuse SSc [2]. Joint involvement in SSc
patients is significantly associated with a reduced quality of life and disabilities [3], and
mainly affects the small joints of the hand, such as the metacarpophalangeal (MCP) and
proximal interphalangeal (PIP) joints, wrists, and ankles [4]. Although the disease activity
score of 28 joints (DAS28) is a validated score for assessing disease activity in rheumatoid
arthritis (RA) patients, it is also used to assess joint involvement in SSc patients [5–7]. It is a
composite index, including the number of tender and/or swollen joints, the general health,
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and an inflammatory marker (C-reactive protein (CRP) for the DAS28-CRP or erythrocyte
sedimentation rate (ESR) for the DAS28-ESR), that allows the degree of joint inflammation
activity to be evaluated [6,7]. The DAS28-ESR showed the best performance regarding
reliability and construct validity for assessing arthritis in SSc patients [6]. The pathogene-
sis of SSc is still partially unknown, but several studies have confirmed a critical role of
peripheral blood B cells in systemic autoimmunity and disease expression due to their
capacity to produce several inflammatory and profibrotic cytokines [8]. Diffuse infiltrate
or small focal aggregates of lymphocytes and plasma cells have been reported in synovial
biopsies of the joints of SSc patients [9]. Moreover, in SSc patients, there is an increased
frequency of CD21low B cells [10]. This population of anergic and exhausted B cells, due
to chronic immune stimulation, could play the role of antigen-presenting cells (APCs)
and possibly accumulate in inflamed tissues [10]. We previously demonstrated that SSc
patients had more stable-over-time peripheral blood CD21low B cells compared to healthy
controls (HCs), and peripheral blood CD21low B cells are associated with visceral vascular
complications and impaired angiogenesis in SSc patients [10,11]. An increased percentage
of peripheral blood and synovial fluid CD21low B cells was also found in RA patients,
and the percentage of this subset was correlated with joint erosions and destruction [12].
Moreover, a high percentage of CD21low B cells was found in patients with axial spondy-
larthritis (axSpA) [13] and juvenile idiopathic arthritis (JIA) [14]. Interestingly, in patients
with JIA, the synovial fluid CD21low B cells were correlated with peripheral T helper (pTh)
cells, which, by provision of interleukin 21 (IL-21), skewed B cell differentiation toward
a CD21low phenotype in vitro [15]. Several studies have provided experimental evidence
elucidating the multifaceted role of IL-21 in RA disease progression, due to its role in
activating T cells, B cells, monocytes/macrophages, and synovial fibroblasts [16]. IL-4
has recently emerged as a potential player in the pathogenesis of inflammatory arthritis,
since enhanced IL-4 concentrations were found in the synovial fluid and plasma samples
of RA patients, and were also found before disease development [17]. SSc patients had
higher serum levels of both IL-4 and IL-21 compared to HCs, and the serum levels of
these cytokines were correlated with a reduction in the diffusion lung capacity for carbon
monoxide (DLco) and the radiological extension of interstitial lung disease (ILD) in SSc
patients [18]. The aim of this study was to investigate the possible influence of peripheral
blood CD21low B cells and serum IL-4 and IL-21 levels on joint involvement in a cohort of
SSc patients.

2. Materials and Methods
2.1. Subjects

Fifty-two consecutive SSc patients were enrolled in this study. All patients fulfilled the
American College of Rheumatology/European League Against Rheumatism collaborative
criteria (2013 ACR/EULAR) for SSc [19]. The exclusion criteria were: an age < 18 years or
>70 years, cardiopulmonary diseases not related to SSc, pulmonary arterial hypertension
(PAH), a history of infection in the last 3 months, malignancies, osteoarthritis, microcrystalline
or infectious arthritis, allergic diseases, other autoimmune diseases, and positivity for the
rheumatoid factor (RF) or for anti-citrullinated protein antibodies (ACPAs). We also excluded
smokers and pregnant or breastfeeding women from the study. Finally, SSc patients treated in
the last 6 months with immunosuppressive agents, such as methotrexate (MTX), mycopheno-
late mofetil (MMF), TNF-a inhibitors, or rituximab (RTX), and corticosteroids at an equivalent
dose of prednisone ≥ 10 mg/day were excluded.

Written informed consent was obtained from all the subjects enrolled in the study. The
study was conducted according to the Declaration of Helsinki. The ethics committee of the
Sapienza University of Rome approved this study (protocol number 0304).

2.2. Clinical Assessment

The modified Rodnan skin score (mRSS) was used to assess skin involvement and the
disease subset (diffuse cutaneous SSc (dcSSc) or limited cutaneous SSc (lcSSc)) was defined
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according to LeRoy et al. [20]. The disease activity index (DAI) was measured as follows: ∆-
skin = 1.5, mRSS > 18 = 1.5, digital ulcers (DUs) = 1.5, TFRs = 2.25, CRP > 1 mg/dL = 2.25,
and DLco % predicted <70% = 1.0; a cut-off of ≥2.5 identified patients with an active
disease [21]. The disease severity scale (DSS) evaluates the involvement of the general state,
peripheral vessels, skin, joints/tendons, muscles, gastrointestinal tract, lungs, heart, and
kidneys. Each organ or system is assessed separately with a score ranging from a minimum
of 0 to a maximum of 4, representing its null, intermediate, moderate, severe, or end-stage
involvement; the higher the score, the greater the disease severity [22]. The inflammatory
articular involvement was assessed using the DAS28-ESR, and a value of ≤3.2 was defined
as the threshold for a low disease activity state [23]. Nailfold videocapillaroscopy (NVC)
was performed to evaluate the morphology of the nailfold dermal papillary capillaries
using a videocapillaroscope equipped with a 500× magnification lens (Pinnacle Studio
version 8 software, Corel, Ottawa, ON, Canada). The capillaroscopic images were classified
according to the early, active, and late patterns according to Cutolo et al. [24].

2.3. Laboratory Assessment

The immunophenotyping of peripheral blood samples was performed using combi-
nations of fluorochrome-labeled monoclonal antibodies (Becton-Dickinson Biosciences)
to CD19-PC5.5, CD21-PE, CD27-APC, and IgD-FITC. A flow cytometry analysis was per-
formed on a BD FACSCalibur system, and the data files were acquired and analyzed using
the CELLQuest 3.3 (Becton Dickinson, Mountain View, CA, USA) and FlowJo (TreeStar,
Ashland, Ore, OR, USA) version 10.7.1 software. Peripheral venous blood samples were
collected in tubes and centrifuged at 3000× g for 15 min at 19 ◦C. Serum samples were
aliquoted into 1.5 mL Eppendorf tubes and stored at −80 ◦C until the time of the assay.
Specimens were thawed only once, and were immediately assayed in a blinded fashion and
in a single batch. The assessment of the serum levels of IL-4 and IL-21 cytokines was carried
out using Bio-Plex Multiplex Immunoassays, which allow the simultaneous measurement
of analytes and are available as ready-to-use premixed multiplex panels (BIO-RAD, Her-
cules, CA, USA). Antinuclear antibodies (ANAs), extractable nuclear antigens (ENAs),
RF, ACPAs, CRP, and the ESR were also evaluated. The antibody profile was evaluated
using indirect immunofluorescence (IFI) for the detection of ANAs, and the definition of
the immunofluorescence pattern (homogeneous, speckled, centromeric, or cytoplasmic)
was carried out according to the international consensus on ANA patterns [25]. Specific
commercial ELISA kits were used for the detection of ENAs, RF, ACPAs, and CRP. An auto-
mated method was used for the ESR assessment. All blood tests were performed in a single
analytical session by an expert operator without knowledge about the clinical information
of the handled sample. Each sample was tested twice to minimize eventual discrepancies,
and all tests were performed in the same laboratory with the same instruments. Moreover,
samples with serum dilutions, when necessary, were tested according to the manufacturer’s
instructions and recommendations. Potentially harmful samples were handled by taking
all safety precautions.

2.4. Statistical Analysis

The SPSS version 26.0 software (Bioz, Los Altos, CA, USA) was used for the statistical
analyses. The normal distribution of data was evaluated using the Shapiro–Wilk test.
Continuous variables were expressed as the mean and standard deviation (SD) or median
and interquartile range (IQR) as appropriate. Categorical variables were expressed as
absolute frequencies and percentages. Student’s t-test or the Mann–Whitney U test was
performed to evaluate the differences between groups. Differences between categorical
variables were evaluated using the chi-squared or Fisher’s exact test as appropriate. The
Pearson or Spearman correlation tests were used for bivariate correlations as appropriate.
Multivariate logistic regression models with the odds ratio (OR) and a 95% confidence
interval (CI) were applied to analyze the CD21low B cell percentage, IL-4 level, and IL-21
level for the DAS28-ESR. A p-value < 0.05 was considered significant.
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3. Results
3.1. Demographic and Clinical Characteristics of Enrolled SSc Patients

The 52 enrolled SSc patients had a median age of 57.5 years (IQR: 48.75–63) with a
median disease duration of 11.5 years (IQR: 6–16). The SSc patients were predominantly
female (92.3% vs. 7.7%). A total of 29 (55.8%) SSc patients had lcSSc and 23 (44.2%) had
dcSSc, with a median mRSS of 11 (IQR: 7.75–15.25). An early NVC pattern was present in
10 (19.3%) patients whilst 15 (28.8%) patients had an active NVC pattern and 27 (51.9%)
patients had a late NVC pattern. Scl70 or anti-RNA polymerase III positivity was found
in 25 (48.1%) patients and 2 (3.8%) patients, respectively, whilst 12 (23.1%) and 13 (25%)
patients had an anti-centromere or only ANA positivity, respectively. The median DAI and
DSS were 2.42 (IQR: 1.26–4) and 7 (IQR: 6–9), respectively. The reported median visual
analog scale (VAS) for arthritis was 2.5 (IQR: 2–5.25). The median DAS28-ESR was 2.32
(IQR: 1.5–3.57), and 16 (30.77%) patients had a DAS28-ESR > 3.2. The median percentage
of peripheral blood CD21low B cells was 6.3% of the total B cells (IQR: 3.97–13), whilst the
median serum IL-4 level was 110.22 pg/mL (IQR: 87.03–140.8) and the median serum IL-21
level was 130.18 pg/mL (IQR: 53.93–255.02). Table 1 summarizes the demographic and
clinical characteristics of the SSc patients enrolled in this study.

Table 1. Demographic and clinical characteristics of systemic sclerosis (SSc) patients (n = 52).

Age, Years 57.5 (48.75–63)
Female/male 48 (92.3)/4 (7.7)
dcSSc/lcSSc 23 (44.2)/29 (55.8)

Disease duration, years 11.5 (6–16)
mRSS 11 (7.75–15.25)

Anti-topoisomerase I
Anti-centromere

Anti-RNA polymerase III
None

25 (48.1)
12 (23.1)

2 (3.8)
13 (25)

Early NVC
Active NVC

Late NVC

10 (19.3)
15 (28.8)
27 (51.9)

DAI 2.42 (1.26–4)
DSS 7 (6–9)

VAS for arthritis 2.5 (2–5.25)
DAS28-ESR 2.32 (1.5–3.57)

DAS28-ESR > 3.2 16 (30.77)
CD21low B cells, % of total B cells 6.3 (3.97–13)

IL-4, pg/mL 110.22 (87.03–140.8)
IL-21, pg/mL 130.18 (53.93–255.02)

Previous immunomodulatory treatment
MTX
MMF
RTX

4 (7.7)
2 (3.8)
2 (3.8)

The continuous variables are expressed as the median and interquartile range (IQR) and the categorical variables
are expressed as the absolute frequency and percentage (%). dcSSc: diffuse cutaneous systemic sclerosis; lcSSc:
limited cutaneous systemic sclerosis; mRSS: modified Rodnan skin score; NVC: nailfold videocapillaroscopy;
DAI: disease activity index; DSS: disease severity scale; VAS: visual analog scale; DAS28-ESR: disease activity
score of 28 joints based on erythrocyte sedimentation rate; MTX: methotrexate; MMF: mycophenolate mofetil;
RTX: rituximab.

3.2. Peripheral Blood CD21low B Cells and Serum IL-4 and IL-21 Levels

We found a slightly significant positive linear correlation between the percentage of
peripheral blood CD21low B cells and the serum IL-4 level (r = 0.315; p < 0.05) (Figure 1a)
and serum IL-21 level (r = 0.351; p < 0.01) (Figure 1b). Moreover, a significant positive linear
correlation was found between the serum IL-4 and serum IL-21 levels (r = 0.468; p < 0.001)
(Figure 1c).
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Figure 1. Bivariate linear correlations between peripheral blood CD21low B cells and serum inter-
leukin (IL)-4 and IL-21 levels. Circles are single values. (a) Positive linear correlation between
peripheral blood CD21low B cells and serum IL-4 level; (b) positive linear correlation between periph-
eral blood CD21low B cells and serum IL-21 level; and (c) positive linear correlation between serum
IL-4 level and serum IL-21 level.

3.3. Joint Involvement, Peripheral Blood CD21low B Cells, and Serum IL-4 and IL-21 Levels

We found a slightly significant positive linear correlation between the VAS for arthritis
and peripheral blood CD21low B cells (r = 0.361; p < 0.01) (Figure 2a). Statistically significant
positive linear correlations were found between the VAS for arthritis and both the serum
IL-4 level (r = 0.470; p < 0.001) (Figure 2b) and the serum IL-21 level (r = 0.403; p < 0.01)
(Figure 2c). Moreover, we found statistically significant positive linear correlations between
the DAS28-ESR and peripheral blood CD21low B cells (r = 0.452; p < 0.001) (Figure 2d),
the serum IL-4 level (r = 0.478; p < 0.001) (Figure 2e), and the serum IL-21 level (r = 0.415;
p < 0.001) (Figure 2f).

SSc patients with a DAS28-ESR > 3.2 had a statistically significantly higher percentage
of peripheral blood CD21low B cells (12.65% of total B cells (IQR: 7.11–13.79) vs. 5.08% of
total B cells (IQR: 3.76–7.45), p < 0.01) (Figure 3a), a higher serum IL-4 level (132.98 pg/mL
(IQR: 99.12–164.12) vs. 100.80 pg/mL (IQR: 62.78–121.13), p < 0.05) (Figure 3b), and a higher
serum IL-21 level (200.77 pg/mL (IQR: 130.13–302.41) vs. 98.83 pg/mL (IQR: 35.70–231.55),
p < 0.01) (Figure 3c) compared to SSc patients with a DAS28-ESR ≤ 3.2.

We constructed three models of a multivariable logistic regression analysis to evaluate
the association between a DAS28-ESR > 3.2 and the independent variables. In the first
model, the DAI (OR: 2.158 (95% CI: 1.120; 4.156), p < 0.05) and the percentage of peripheral
blood CD21low B cells (OR: 1.301 (95% CI: 1.099; 1.540), p < 0.01) were independently
associated with a DAS28-ESR > 3.2. The second model showed that the DAI (OR: 2.060
(95% CI: 1.082; 3.919), p < 0.05) and the serum IL-4 level (OR: 1.026 (95% CI: 1.006; 1.045),
p < 0.01) were independently associated with a DAS28-ESR > 3.2. Finally, in the third
model, the DAI (OR: 1.743 (95% CI: 1.022; 2.975), p < 0.05) and the IL-21 level (OR: 1.006
(95% CI: 1.000; 1.011), p < 0.05) were independently associated with a DAS28-ESR > 3.2.
Table 2 shows all the models of the multivariable logistic regression analysis.
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Figure 2. Bivariate linear correlations between the disease activity score of 28 joints based on the
erythrocyte sedimentation rate (DAS28-ESR) or visual analog scale (VAS) for arthritis and peripheral
blood CD21low B cells, serum interleukin (IL)-4 level, and IL-21 level. Circles are single values.
(a) Positive linear correlation between VAS and peripheral blood CD21low B cells; (b) positive linear
correlation between VAS and serum IL-4 level; (c) positive linear correlation between VAS and serum
IL-21 level; (d) positive linear correlation between DAS28-ESR and peripheral blood CD21low B
cells; (e) positive linear correlation between DAS28-ESR and serum IL-4 level; and (f) positive linear
correlation between DAS28-ESR and serum IL-21 level.
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Figure 3. Comparative analysis between systemic sclerosis (SSc) patients with a disease activity
score of 28 joints based on the erythrocyte sedimentation rate (DAS28-ESR) > 3.2 (n = 16) and SSc
patients with a DAS28-ESR ≤ 3.2 (n = 36). Circles are outliers. (a) Median peripheral blood CD21low

B cell percentage for SSc patients with a DAS28-ESR > 3.2 and SSc patients with a DAS28-ESR ≤ 3.2;
(b) median serum IL-4 levels between SSc patients with a DAS28-ESR > 3.2 and SSc patients with a
DAS28-ESR ≤ 3.2; and (c) median serum IL-21 levels between SSc patients with a DAS28-ESR > 3.2
and SSc patients with a DAS28-ESR ≤ 3.2.

Table 2. Logistic regression analysis models showing the association between a disease activity score
of 28 joints based on the erythrocyte sedimentation rate (DAS28-ESR) > 3.2 and independent variables.

DAS28-ESR > 3.2

OR (95% CI) p

Model 1
DAI 2.158 (1.120; 4.156) <0.05
DSS 0.913 (0.614; 1.357) >0.05

CD21low B cells, % 1.301 (1.099; 1.540) <0.01

Model 2
DAI 2.060 (1.082; 3.919) <0.05
DSS 0.892 (0.595; 1.340) >0.05

IL-4, pg/mL 1.026 (1.006; 1.045) <0.01

Model 3
DAI 1.743 (1.022; 2.975) <0.05
DSS 0.985 (0.681; 1.423) >0.05

IL-21, pg/mL 1.006 (1.000; 1.011) <0.05
DAS28-ESR: disease activity score of 28 joints based on the erythrocyte sedimentation rate; DAI: disease activity
index; DSS: disease severity scale; OR: odds ratio; 95% CI: 95% confidence interval.

4. Discussion

In this study, we found an increased percentage of peripheral blood CD21low B cells
and increased serum IL-4 and IL-21 levels in SSc patients with joint involvement. The
peripheral blood CD21low B cell percentage and the serum IL-4 and IL-21 levels were higher
in SSc patients with a DAS28-ESR > 3.2. Moreover, the peripheral blood CD21low B cell
percentage and serum IL-4 and IL-21 levels were positively correlated with the DAS28-ESR
and VAS for arthritis. Finally, the peripheral blood CD21low B cell percentage and the serum
IL-4 and IL-21 levels were independently associated with a DAS28-ESR > 3.2.
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Joint involvement in SSc patients as an early manifestation of the disease, often also
before the occurrence of the Raynaud’s phenomenon, ranges from 12% to 65% of SSc
patients [2]. Usually, the articular involvement in SSc patients encompasses generalized
arthralgias with slight pain and stiffness and an oligoarticular or polyarticular pattern,
and manifestations tend to be intermittent or chronic-remittent [2]. In the literature, the
estimated prevalence of arthritis detected by a physical examination in unselected SSc
patients ranges from 7% to 60% [6]. In our study, 16 (30.77%) SSc patients had a DAS28-ESR
> 3.2, indicating an active inflammatory articular disease, and, in line with the data from
a recent report [6], the median DAS28-ESR was 2.32 (IQR: 1.5–3.57). Joint involvement is
one of the primary causes of disabilities and a poor quality of life in SSc patients, so the
identification of the underlying pathophysiologic mechanisms is crucial for identifying
new potential therapeutic targets.

SSc is a complex autoimmune disease that shares several clinical and immunological
features with RA, such as common susceptibility loci and the dysregulation of innate
and adaptive immunity, including the activation of self-reactive B cells able to secrete
autoantibodies and systemic complications [26]. The key role of B cells in the pathogenesis
of SSc, which is characterized by a low-grade inflammatory response with respect to other
autoimmune diseases, is demonstrated by the production of immunoglobulin free light
chains in the serum (sFLCs) that reflect the clone expansion of B cells [27]. Moreover, the
chronic immune stimulation in SSc patients is responsible for the accumulation of CD21low

B cells, a particular B cell population of functionally anergic and exhausted cells that
express a high level of activation markers, inhibitory receptors, and a peculiar pattern of
homing receptors [10]. The exact role of CD21low B cells is still poorly understood; however,
chronic antigen stimulation provided by infections or by autoantigens might favor their
accumulation in peripheral blood and in peripheral inflammatory tissue [28]. It has been
demonstrated that, in RA patients, CD21low B cells constituted almost half of the B cells
in the synovial fluid of the inflamed joints, due to their expression of the inflammatory
chemokine receptor CXCR-3 and the secretion of its ligand, CXCL-9 [12]. Moreover, in RA
patients, CD21low B cells might have a role in joint damage via bone erosion by secreting
the receptor activator of nuclear factor kappa-B ligand (RANKL) and IL-6 [12]. An increase
in circulating CD21low B cells was also found in axSpA patients, and in this cohort of
patients, CD21low B cells were correlated with the ESR [13]. Dirks et al. [14] demonstrated
an accumulation of CD21low B cells in the synovial fluid of ANA + JIA patients, potentially
triggered by the (auto)antigens present at the site of inflammation.

We previously demonstrated a stable-over-time expansion of peripheral blood CD21low

B cells in SSc patients [10,11]. Moreover, in SSc patients, an increased percentage of CD21low

B cells was associated with visceral vascular complications and impaired angiogenesis,
suggesting a potential role in the pathogenesis and progression of the disease [10,11].

To the best of our knowledge, no study to date has specifically investigated the role of
CD21low B cells in SSc articular involvement.

In this study, we demonstrated positive linear correlations between peripheral blood
CD21low B cells and both the VAS for arthritis and the DAS28-ESR in SSc patients, sug-
gesting a possible role of this particular subset of the B cell population in the pathogenesis
of joint involvement. Moreover, we demonstrated that SSc patients with active articular
involvement, as demonstrated by a DAS28-ESR > 3.2, had a statistically significantly higher
percentage of peripheral blood CD21low B cells compared to SSc patients without joint
involvement. This result is strengthened by the multivariable logistic regression analysis,
which showed that peripheral blood CD21low B cells were independently associated with
a DAS28-ESR > 3.2. These findings and the peculiar characteristic of peripheral blood
CD21low B cells potentially migrating towards sites of inflammation might be of particular
relevance in the pathogenesis of SSc articular involvement and in the progression of the
disease. In further studies, it would be interesting to evaluate the possible influence of
immunosuppressive agents (i.e., methotrexate, mycophenolate mofetil, TNF-a inhibitors,
or rituximab) and corticosteroids at an equivalent dose of prednisone ≥ 10 mg/day on the
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peripheral blood CD21low B cells and on the DAS28-ESR assessment, since, in this study,
we excluded SSc patients that received these treatments in the last 6 months.

The differentiation of CD21low B cells depends on the interaction with CD4+ T helper
(Th) cells and their secreted cytokines [29]. Extra-follicular Th cells could be detected
in the inflamed tissues of patients with autoimmune diseases as well as murine disease
models [30,31]. This particular T cell subset accumulates in the joints of RA patients and
of ANA + JIA patients, where they secrete a large amount of IL-21 [15]. In ANA + JIA
patients, it has been recently demonstrated that this subset of Th cells possesses a potent
“B-helper function”, not only inducing plasma cell differentiation, but also favoring B-cell
differentiation towards a CD21low B cell phenotype through the influence of IL-21 and
IFN-γ [15].

IL-21 is a Th2 cytokine with multifaceted roles in activating T cells, B cells, mono-
cytes/macrophages, and synovial fibroblasts in the RA pathogenesis through the activation
of the JAK/STAT, MAPK, and PI3K/Akt signaling pathways [16]. IL-21 is secreted by
several cell types, such as follicular Th, Th17, and natural killer (NK) cells, and it has a
key role in the preservation of the germinal center, in polarization through Th17, and in
antibody switching [32]. In SSc patients, an increased serum level of IL-21 compared to HCs
and a correlation between the serum IL-21 levels and the fibrotic involvement of the lungs
have been demonstrated [18]. Moreover, an overexpression of IL-21 mRNA has been found
in the keratinocytes of SSc patients compared to HCs [33]. It has been demonstrated that
IL-21 may induce fibrosis favoring the Th2 polarization, since a link between IL-21 mRNA
and IL-4 mRNA exists [33]. Ly et al. [34] showed a correlation between antibody production
and inflammation in SSc patients and, more interestingly, an imbalance in follicular Th
with a greater capacity to secrete IL-21 and IL-4.

In this study, we found a positive linear correlation between serum IL-21 levels and the
percentage of peripheral blood CD21low B cells, confirming data in the literature about the
link between this cytokine and the expansion of this B cell subset. Moreover, as expected,
we found a correlation between serum IL-21 and serum IL-4 levels. More interestingly, we
showed a positive linear correlation between the serum IL-21 levels and the VAS for arthritis
or the DAS-28-ESR, and SSc patients with moderate–high joint involvement had statistically
significantly higher serum IL-21 levels than SSc patients with a DAS28-ESR ≤ 3.2. This
correlation probably reflects the correlation between peripheral blood CD21low B cells and
articular involvement in SSc patients. Finally, in a multivariable logistic regression analysis,
we demonstrated that serum IL-21 levels were independently associated with a DAS28-ESR
> 3.2 in SSc patients. Although further studies are needed to better clarify the possible
pathogenetic role of IL-21 in SSc pathogenesis and progression, the results of our study
may suggest that a possible treatment directed at the neutralization of this cytokine may be
useful in addition to the currently available treatment approved for joint involvement in
SSc patients.

In recent years, there has been a great interest in investigating the pathophysiologic role
of IL-4 in several inflammatory and autoimmune diseases [17]. IL-4 has been involved in the
pathogenesis of inflammatory arthritis; however, several relevant aspects are still unclear
and need to be clarified. IL-4 is secreted mainly by Th2 cells, but also by NK cells, Th1 cells,
CD8+ T cells, innate lymphoid type 2 cells (ILC2), B lymphocytes, mast cells, macrophages,
basophils, and eosinophils [35]. This cytokine is involved in B cell proliferation, collagen
production by fibroblasts, and the induction of vascular cell adhesion molecule (VCAM)-1
expression in endothelial cells [35]. In a previous study, we demonstrated increased serum
IL-4 levels in SSc patients compared to HCs [18]. Moreover, we showed that IL-4 was
independently associated with a reduced DLco and radiological ILD in SSc patients [18].
Enhanced IL-4 concentrations were found in the synovial fluid and plasma samples of RA
patients, and this was also found before disease development [17]. Increased mRNA IL-4
levels were found in the peripheral blood of RA patients and in mononuclear blood cells
from RA patients after in vitro stimulation [17].
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In this study, we found a positive linear correlation between serum IL-4 levels and
peripheral blood CD21low B cells, suggesting a possible link between this cytokine and
the expansion of this B cell subset, which was also confirmed by the well-known relation-
ship between IL-4 and IL-21. More interestingly, we showed a positive linear correlation
between serum IL-4 levels and the VAS for arthritis or the DAS28-ESR, and SSc patients
with moderate–high joint involvement had statistically significantly higher serum IL-4
levels than SSc patients with a DAS28-ESR ≤ 3.2. In a multivariable logistic regression
analysis, we demonstrated that serum IL-4 levels were independently associated with
a DAS28-ESR > 3.2 in SSc patients. We hypothesize that there is a possible role of IL-4
in the pathogenesis of inflammatory arthritis in SSc patients; however, its exact role in
inflammatory arthritis has yet to be established, since the accumulating evidence implies
that IL-4′s anti-inflammatory properties might be beneficial in the context of inflammatory
arthritis treatment [17]. In this context, we hypothesize that IL-4 may be released to keep
inflammation in check during inflammatory states.

The main limitation of our study is the lack of radiological data, which could confirm
and evaluate the degree of arthritis. Moreover, there are no data about the concentrations of
IL-4, IL-21, and CD21low B cells in synovial fluid samples from our cohort of patients. Since,
in this study, the assessment of joint inflammation was purely clinical, further studies,
including a joint radiological evaluation and a synovial fluid specimen analysis, are needed
to strengthen the results of this study. Finally, it would be interesting to analyze the
above-reported correlations with IL-10 and TGF-beta to better understand the pathologic
mechanism underlying the development of joint damage in SSc patients.

5. Conclusions

In conclusion, elevated peripheral blood CD21low B cells and serum IL-4 and IL-21
levels were associated with higher articular disease activity in SSc patients, suggesting a
possible role in the pathogenesis of SSc joint involvement.

A follow-up of these patients is required together with clinical and biological investi-
gations to improve our understanding of the associated pathophysiological mechanisms.

Author Contributions: Conceptualization, C.P. and E.R.; methodology, E.R.; software, C.P.; valida-
tion, C.P., A.C. and E.R.; formal analysis, C.P.; investigation, C.P., V.C., S.R., V.B. and A.C.; resources,
E.R. and U.B.; data curation, C.P.; writing—original draft preparation, C.P. and U.B.; writing—review
and editing, C.P., A.C., E.R., M.M. and U.B.; visualization, C.P., A.C., E.R. and U.B.; supervision, E.R.
All authors have read and agreed to the published version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: The study was conducted in accordance with the Declaration
of Helsinki and approved by the ethics committee of the Sapienza University of Rome (protocol
code 0486).

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.

Data Availability Statement: The data presented in this study are available from the corresponding
author upon reasonable request.

Conflicts of Interest: The authors declare no conflict of interest.



J. Pers. Med. 2023, 13, 1334 11 of 12

References
1. Gabrielli, A.; Avvedimento, E.V.; Krieg, T. Scleroderma. N. Engl. J. Med. 2009, 360, 1989–2003. [CrossRef] [PubMed]
2. Avouac, J.; Clements, P.J.; Khanna, D.; Furst, D.E.; Allanore, Y. Articular involvement in systemic sclerosis. Rheumatology 2012, 51,

1347–1356. [CrossRef] [PubMed]
3. van Leeuwen, N.M.; Ciaffi, J.; Liem, S.I.E.; Huizinga, T.W.J.; de Vries-Bouwstra, J.K. Health-related quality of life in patients with

systemic sclerosis: Evolution over time and main determinants. Rheumatology 2021, 60, 3646–3655. [CrossRef] [PubMed]
4. Sandler, R.D.; Matucci-Cerinic, M.; Hughes, M. Musculoskeletal hand involvement in systemic sclerosis. Semin. Arthritis Rheum.

2020, 50, 329–334. [CrossRef]
5. Anderson, J.K.; Zimmerman, L.; Caplan, L.; Michaud, K. Measures of rheumatoid arthritis disease activity: Patient (PtGA)

and Provider (PrGA) Global Assessment of Disease Activity, Disease Activity Score (DAS) and Disease Activity Score with
28-Joint Counts (DAS28), Simplified Disease Activity Index (SDAI), Clinical Disease Activity Index (CDAI), Patient Activity Score
(PAS) and Patient Activity Score-II (PASII), Routine Assessment of Patient Index Data (RAPID), Rheumatoid Arthritis Disease
Activity Index (RADAI) and Rheumatoid Arthritis Disease Activity Index-5 (RADAI-5), Chronic Arthritis Systemic Index (CASI),
Patient-Based Disease Activity Score With ESR (PDAS1) and Patient-Based Disease Activity Score without ESR (PDAS2), and
Mean Overall Index for Rheumatoid Arthritis (MOI-RA). Arthritis Care Res. 2011, 63 (Suppl. S11), S14–S36. [CrossRef]

6. Lóránd, V.; Bálint, Z.; Komjáti, D.; Németh, B.; Minier, T.; Kumánovics, G.; Farkas, N.; Czirják, L.; Varjú, C.; on behalf of the
DeSScipher Consortium and Contributing EUSTAR Centers. Validation of disease activity indices using the 28 joint counts in
systemic sclerosis. Rheumatology 2016, 55, 1849–1858. [CrossRef] [PubMed]

7. Lóránd, V.; Nagy, G.; Bálint, Z.; Komjáti, D.; Minier, T.; Kumánovics, G.; Farkas, N.; Tarner, I.H.; Müller-Ladner, U.; Czirják, L.;
et al. Sensitivity to change of joint count composite indices in 72 patients with systemic sclerosis. Clin. Exp. Rheumatol. 2021, 39
(Suppl. S131), 77–84. [CrossRef]

8. Yoshizaki, A. Pathogenic roles of B lymphocytes in systemic sclerosis. Immunol. Lett. 2018, 195, 76–82. [CrossRef]
9. Riccardi, A.; Martinroche, G.; Contin-Bordes, C.; Avouac, J.; Gobeaux, C.; Cauvet, A.; Guerini, H.; Truchetet, M.E.; Allanore, Y.

Erosive arthritis autoantibodies in systemic sclerosis. Semin. Arthritis Rheum. 2022, 52, 151947. [CrossRef]
10. Marrapodi, R.; Pellicano, C.; Radicchio, G.; Leodori, G.; Colantuono, S.; Iacolare, A.; Gigante, A.; Visentini, M.; Rosato, E. CD21low

B cells in systemic sclerosis: A possible marker of vascular complications. Clin. Immunol. 2020, 213, 108364. [CrossRef]
11. Visentini, M.; Pellicano, C.; Leodori, G.; Marrapodi, R.; Colantuono, S.; Gigante, A.; Casato, M.; Rosato, E. CD21low B cells are

predictive markers of new digital ulcers in systemic sclerosis. Clin. Exp. Immunol. 2021, 205, 128–134. [CrossRef] [PubMed]
12. Thorarinsdottir, K.; Camponeschi, A.; Jonsson, C.; Granhagen Önnheim, K.; Nilsson, J.; Forslind, K.; Visentini, M.; Jacobsson, L.;

Mårtensson, I.L.; Gjertsson, I. CD21-/low B cells associate with joint damage in rheumatoid arthritis patients. Scand. J. Immunol.
2019, 90, e12792. [CrossRef] [PubMed]

13. Wilbrink, R.; Spoorenberg, A.; Arends, S.; van der Geest, K.S.M.; Brouwer, E.; Bootsma, H.; Kroese, F.G.M.; Verstappen, G.M.
CD27-CD38lowCD21low B-Cells Are Increased in Axial Spondyloarthritis. Front. Immunol. 2021, 12, 686273. [CrossRef] [PubMed]

14. Dirks, J.; Fischer, J.; Haase, G.; Holl-Wieden, A.; Hofmann, C.; Girschick, H.; Morbach, H. CD21(lo/-)CD27(-)IgM(-) Double-
Negative B cells Accumulate in the Joints of Patients With Antinuclear Antibody-Positive Juvenile Idiopathic Arthritis. Front.
Pediatr. 2021, 9, 635815. [CrossRef] [PubMed]

15. Fischer, J.; Dirks, J.; Klaussner, J.; Haase, G.; Holl-Wieden, A.; Hofmann, C.; Hackenberg, S.; Girschick, H.; Morbach, H. Effect of
Clonally Expanded PD-1high CXCR5-CD4+ Peripheral T Helper Cells on B Cell Differentiation in the Joints of Patients With
Antinuclear Antibody-Positive Juvenile Idiopathic Arthritis. Arthritis Rheumatol. 2022, 74, 150–162. [CrossRef]

16. Kondo, N.; Kuroda, T.; Kobayashi, D. Cytokine Networks in the Pathogenesis of Rheumatoid Arthritis. Int. J. Mol. Sci. 2021, 22,
10922. [CrossRef]

17. Iwaszko, M.; Biały, S.; Bogunia-Kubik, K. Significance of Interleukin (IL)-4 and IL-13 in Inflammatory Arthritis. Cells 2021, 10,
3000. [CrossRef]

18. Pellicano, C.; Vantaggio, L.; Colalillo, A.; Pocino, K.; Basile, V.; Marino, M.; Basile, U.; Rosato, E. Type 2 cytokines and scleroderma
interstitial lung disease. Clin. Exp. Med. 2023. [CrossRef]

19. van den Hoogen, F.; Khanna, D.; Fransen, J.; Johnson, S.R.; Baron, M.; Tyndall, A.; Matucci-Cerinic, M.; Naden, R.P.; Medsger,
T.A., Jr.; Carreira, P.E.; et al. 2013 classification criteria for systemic sclerosis: An American college of rheumatology/European
league against rheumatism collaborative initiative. Ann. Rheum. Dis. 2013, 72, 1747–1755. [CrossRef]

20. LeRoy, E.C.; Black, C.; Fleischmajer, R.; Jablonska, S.; Krieg, T.; Medsger, T.A., Jr.; Rowell, N.; Wollheim, F. Scleroderma (systemic
sclerosis): Classification, subsets and pathogenesis. J. Rheumatol. 1988, 15, 202–205.

21. Valentini, G.; Iudici, M.; Walker, U.A.; Jaeger, V.K.; Baron, M.; Carreira, P.; Czirják, L.; Denton, C.P.; Distler, O.; Hachulla, E.;
et al. The European Scleroderma Trials and Research group (EUSTAR) task force for the development of revised activity criteria
for systemic sclerosis: Derivation and validation of a preliminarily revised EUSTAR activity index. Ann. Rheum. Dis. 2017, 76,
270–276. [CrossRef] [PubMed]

22. Medsger, T.A., Jr.; Bombardieri, S.; Czirjak, L.; Scorza, R.; Della Rossa, A.; Bencivelli, W. Assessment of disease severity and
prognosis. Clin. Exp. Rheumatol. 2003, 21, S42–S46. [PubMed]

23. Prevoo, M.L.; van’t Hof, M.A.; Kuper, H.H.; van Leeuwen, M.A.; van de Putte, L.B.; van Riel, P.L. Modified disease activity
scores that include twenty-eight-joint counts. Development and validation in a prospective longitudinal study of patients with
rheumatoid arthritis. Arthritis Rheum. 1995, 38, 44–48. [CrossRef]

https://doi.org/10.1056/NEJMra0806188
https://www.ncbi.nlm.nih.gov/pubmed/19420368
https://doi.org/10.1093/rheumatology/kes041
https://www.ncbi.nlm.nih.gov/pubmed/22467084
https://doi.org/10.1093/rheumatology/keaa827
https://www.ncbi.nlm.nih.gov/pubmed/33401302
https://doi.org/10.1016/j.semarthrit.2019.11.003
https://doi.org/10.1002/acr.20621
https://doi.org/10.1093/rheumatology/kew246
https://www.ncbi.nlm.nih.gov/pubmed/27402873
https://doi.org/10.55563/clinexprheumatol/cl3bbb
https://doi.org/10.1016/j.imlet.2018.01.002
https://doi.org/10.1016/j.semarthrit.2021.11.013
https://doi.org/10.1016/j.clim.2020.108364
https://doi.org/10.1111/cei.13604
https://www.ncbi.nlm.nih.gov/pubmed/33876421
https://doi.org/10.1111/sji.12792
https://www.ncbi.nlm.nih.gov/pubmed/31141193
https://doi.org/10.3389/fimmu.2021.686273
https://www.ncbi.nlm.nih.gov/pubmed/34168654
https://doi.org/10.3389/fped.2021.635815
https://www.ncbi.nlm.nih.gov/pubmed/33937147
https://doi.org/10.1002/art.41913
https://doi.org/10.3390/ijms222010922
https://doi.org/10.3390/cells10113000
https://doi.org/10.1007/s10238-023-01125-x
https://doi.org/10.1136/annrheumdis-2013-204424
https://doi.org/10.1136/annrheumdis-2016-209768
https://www.ncbi.nlm.nih.gov/pubmed/27621285
https://www.ncbi.nlm.nih.gov/pubmed/12889222
https://doi.org/10.1002/art.1780380107


J. Pers. Med. 2023, 13, 1334 12 of 12

24. Cutolo, M.; Matucci Cerinic, M. Nailfold capillaroscopy and classification criteria for systemic sclerosis. Clin. Exp. Rheumatol.
2007, 25, 663–665. [PubMed]

25. Chan, E.K.; Damoiseaux, J.; de Melo Cruvinel, W.; Carballo, O.G.; Condrad, K.; Francescantonio, P.L.; Fritzler, M.J.; La Torre,
I.G.-D.; Herold, M.; Mimori, T.; et al. Report on the second International Consensus on ANA Pattern (ICAP) workshop in Dresden
2015. Lupus 2016, 25, 797–804. [CrossRef]

26. López-Isac, E.; Martín, J.-E.; Assassi, S.; Simeón, C.P.; Carreira, P.; Ortego-Centeno, N.; Freire, M.; Beltrán, E.; Narváez, J.;
Alegre-Sancho, J.J.; et al. Cross-disease Meta-analysis of Genome-wide Association Studies for Systemic Sclerosis and Rheumatoid
Arthritis Reveals IRF4 as a New Common Susceptibility Locus. Arthritis Rheumatol. 2016, 68, 2338–2344. [CrossRef]

27. Gigante, A.; Pellicano, C.; Leodori, G.; Napodano, C.; Vantaggio, L.; Gulli, F.; Marino, M.; Visentini, M.; Rosato, E.; Basile, U.
Serum and urine free light chains measurements in patients with systemic sclerosis: Novel biomarkers for disease activity. Clin.
Exp. Immunol. 2021, 205, 135–141. [CrossRef]

28. Visentini, M.; Conti, V.; Cristofoletti, C.; Lazzeri, C.; Marrapodi, R.; Russo, G.; Casato, M.; Fiorilli, M. Clonal expansion and
functional exhaustion of monoclonal marginal zone B cells in mixed cryoglobulinemia: The yin and yang of HCV-driven
lymphoproliferation and autoimmunity. Autoimmun. Rev. 2013, 12, 430–435. [CrossRef]

29. Rubtsova, K.; Rubtsov, A.V.; Cancro, M.P.; Marrack, P. Age-Associated B Cells: A T-bet-Dependent Effector with Roles in
Protective and Pathogenic Immunity. J. Immunol. 2015, 195, 1933–1937. [CrossRef]

30. Hutloff, A. T Follicular Helper-Like Cells in Inflamed Non-Lymphoid Tissues. Front. Immunol. 2018, 9, 1707. [CrossRef]
31. Rao, D.A. T Cells That Help B Cells in Chronically Inflamed Tissues. Front. Immunol. 2018, 9, 1924. [CrossRef] [PubMed]
32. Dvorscek, A.R.; McKenzie, C.I.; Robinson, M.J.; Ding, Z.; Pitt, C.; O’Donnell, K.; Zotos, D.; Brink, R.; Tarlinton, D.M.; Quast, I.

IL-21 has a critical role in establishing germinal centers by amplifying early B cell proliferation. EMBO Rep. 2022, 23, e54677.
[CrossRef] [PubMed]

33. Gonçalves, R.S.G.; Pereira, M.C.; Dantas, A.T.; Almeida, A.R.; Marques, C.D.L.; Rego, M.J.B.M.; Pitta, I.R.; Duarte, A.L.B.P.; Pitta,
M.G.R. IL-17 and related cytokines involved in systemic sclerosis: Perspectives. Autoimmunity 2018, 51, 1–9. [CrossRef] [PubMed]

34. Ly, N.T.M.; Ueda-Hayakawa, I.; Nguyen, C.T.H.; Huynh, T.N.M.; Kishimoto, I.; Fujimoto, M.; Okamoto, H. Imbalance toward
TFH 1 cells playing a role in aberrant B cell differentiation in systemic sclerosis. Rheumatology 2021, 60, 1553–1562. [CrossRef]

35. Paul, W.E. History of interleukin-4. Cytokine 2015, 75, 3–7. [CrossRef] [PubMed]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://www.ncbi.nlm.nih.gov/pubmed/18078610
https://doi.org/10.1177/0961203316640920
https://doi.org/10.1002/art.39730
https://doi.org/10.1111/cei.13611
https://doi.org/10.1016/j.autrev.2012.08.016
https://doi.org/10.4049/jimmunol.1501209
https://doi.org/10.3389/fimmu.2018.01707
https://doi.org/10.3389/fimmu.2018.01924
https://www.ncbi.nlm.nih.gov/pubmed/30190721
https://doi.org/10.15252/embr.202254677
https://www.ncbi.nlm.nih.gov/pubmed/35801309
https://doi.org/10.1080/08916934.2017.1416467
https://www.ncbi.nlm.nih.gov/pubmed/29256263
https://doi.org/10.1093/rheumatology/keaa669
https://doi.org/10.1016/j.cyto.2015.01.038
https://www.ncbi.nlm.nih.gov/pubmed/25814340

	Introduction 
	Materials and Methods 
	Subjects 
	Clinical Assessment 
	Laboratory Assessment 
	Statistical Analysis 

	Results 
	Demographic and Clinical Characteristics of Enrolled SSc Patients 
	Peripheral Blood CD21low B Cells and Serum IL-4 and IL-21 Levels 
	Joint Involvement, Peripheral Blood CD21low B Cells, and Serum IL-4 and IL-21 Levels 

	Discussion 
	Conclusions 
	References

