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ABSTRACT
Introduction: Coexistence of more than one autoimmune disease (AD) 
in a single patient is known as polyautoimmunity, and may be seen 
in up to 35% of patients with ADs. The elimination of B-cells using 
Rituximab (RTX) improves clinical status in different ADs. The role of 
cytokine production by B-cells is unclear in systemic lupus erythematosus 
(SLE) and polyautoimmunity. Methods: As an exploratory study, plasma 
from 11 patients with either rheumatoid arthritis (RA) or SLE-associated 
polyautoimmunity was assessed prior and 6 months after therapy with 
RTX. Eight healthy individuals were used as controls. Cytokine levels 
were measured using ELISA (IFN-α and TGF-β1) or Cytometric Bead 
Array (TNF-α, IL-1β, IL-6, IL-8, IL-10, and IL-12p70). Results: Prior 
to RTX, IL-6 was only elevated in RA and IL-8 was elevated in both 
RA and SLE-associated polyautoimmunity, compared with controls. After 
RTX, significant decreases of IL-6 in RA and IL-8 in SLE-associated 
polyautoimmunity were observed. Levels of other cytokines measured 
were either similar (IFN-α, TGF-β1) or below the detection limit (TNF-
α, IL-1β, IL-10, IL-12p70) for both patients and controls. Conclusion: 
Our data highlight the importance of B-cell cytokine secretion in RA 
and SLE-associated polyautoimmunity, and suggest a differential role in 
each pathology. A significant increase of IL-8 prior to RTX in both 
groups, and a significant decrease after therapy only in SLE-associated 
polyautoimmunity support the potential of IL-8 as a therapeutic target. 
The heterogeneity of the polyautoimmunity patient population highlights 
the importance of the selection of specific subsets in future research.
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RESUMEN
Introducción: La coexistencia de más de una enfermedad 
autoinmune (EAI) en un paciente se conoce como 
poliautoinmunidad (PAI) y se observa en el 35% de los 
pacientes con EAI. La eliminación de linfocitos B usando 
rituximab (RTX) controla la actividad de diferentes EAI. 
En el lupus eritematoso sistémico (LES) y en PAI no es 
clara la producción de citocinas por los linfocitos B. 
Métodos: Estudio exploratorio. Se obtuvo plasma de 11 
pacientes con artritis reumatoide (AR) y 
poliautoinmunidad asociada a LES (PAILES) antes y 
después de rituximab (i. e., 6 meses). Como controles se 
utilizaron ocho individuos sanos. Las citocinas se midieron 
por ELISA (IFN-α, TGF-β1) o Cytometric Bead Array 
(TNF-α, IL-1β, IL-6, IL-8, IL-10, IL-12p70). Resultados: 
Previo a RTX, IL-6 se encontró elevada únicamente en 
AR, mientras que IL-8 lo estuvo en AR y en PAILES, 
comparados con controles. Después de RTX se encontró 
una disminución significativa de IL-6 en AR y de IL-8 en 
PAILES. Las concentraciones de otras citocinas medidas 
fueron similares (IFN-α, TGF-β1) o se encontraron por 
debajo de límite de detección (TNF-α, IL-1β, IL-10, 
IL-12p70), tanto en pacientes como en controles. 
Conclusión: Los datos resaltan la importancia de la 
secreción de citocinas por los linfocitos B y sugieren un rol 
diferencial en cada patología. El incremento de IL-8 
previo a RTX en ambos grupos y la reducción después de 
la terapia en PAILES respaldan el potencial de la IL-8 
como objetivo terapéutico. La heterogeneidad de la 
población de pacientes con PAI reafirma la importancia 
de la selección de subgrupos específicos en estudios 
futuros.
Palabras clave
citocinas; interleucina-8; artritis reumatoide; lupus eritematoso 
sistémico; rituximab.

Introduction

Autoimmune diseases (ADs) present an overall
cumulative prevalence of 5% worldwide (1).
Coexistence of more than one AD in the same
patient is known as Polyautoimmunity (PolyA)
(2), and was observed in up to 35% patients with
ADs in a cohort study involving systemic lupus
erythematosus (SLE), rheumatoid arthritis (RA),
systemic sclerosis (SSc), and multiple sclerosis
(MS) as index diseases (2). B-cells are essential
for the development and disease activity of
ADs, and their elimination using B-cell depletion
therapy (BCDT) improves clinical status (3). B-
cells can (a) act as antigen-presenting cells, thus

activating T-cell responses; (b) act as effector 
cells producing antibodies (Ab), or (c) have 
an immunomodulatory role through cytokine 
production, which could activate or modulate T-
cells or other immune cells (4,5).

BAFF (B-cell activating factor, also known as 
B lymphocyte stimulator, BLyS) and APRIL (a-
proliferation inducing ligand) are some of the most 
important cytokines influencing development 
and survival of B-cells, and, in turn, play 
a major role in ADs pathophysiology (6). 
Nonetheless, several other cytokines are secreted 
or influence the growth and function of B-cells. 
For instance, B-cells are capable of producing 
different cytokines, including IL-6 (7), IL-8 
(8), TNF-  (9),(10), IL-12 (11), IL-10 (12), 
and TGF-   (12). Further, as cytokines interact 
in a complex communication network, with 
negative and positive feedback loops, some 
cytokines considered to be more associated with 
innate or T-cell immune responses influence 
B-cell responses. For instance, TNF-  , IL-1, 
IL-6, and IL-12 impact B-cell proliferation, 
immunoglobulin secretion and isotype switching 
(13,14,15). Noteworthy, gut microbiota-driven 
production of IL-1   and IL-6 appears to 
induce regulatory B-cells (16). Moreover, Type 
I interferons (IFNs; e.g.,  or ) impact B-
cell function through a plethora of mechanisms, 
including Toll-like receptor expression and 
activation of other immune cells, such as 
dendritic cells (DCs) (17). Type I IFNs increase 
B-cell survival factors production, such as BAFF 
(17). A feedback loop between BAFF and Type 
I IFNs has been proposed (18). Therefore, 
altering Type I IFN pathways can abrogate 
autoimmune phenomena. The crosstalk between 
B cells and plasmacytoid DCs in ADs, and the 
role of B cells in the enhancement of type I 
IFN production by plasmacytoid DCs are also 
well known (19). The clinical response (or its 
absence) to rituximab (RTX) may be explained, 
at least partly, by the depletion of specific B-cell 
sub-populations that alter these interconnected 
processes. Noteworthy, as mentioned, measured 
plasma cytokines may be produced by several 
cell populations, which must be considered 
during the translation of bench results to the 
bedside.
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Cytokine production by B-cells appears to be
important in several ADs. This ability seems
to be central in RA pathogenesis, as clinical
studies suggest an Ab-independent mechanism
for BCDT efficacy. For example, atacicept—
a recombinant chimeric fusion protein that
comprises the BAFF and APRIL TACI receptor
(transmembrane activator and calcium modulator
and cyclophilin ligand interactor) that impairs
maturation, function, and survival of B-
cells, including Ab-producing plasmatic cells
(6)—reduced rheumatoid factor and Anti-
Citrullinated Protein Antibody (ACPA) levels
without clinical improvement (20,21). In
addition, treatment with RTX, a monoclonal
Ab which targets CD20 and depletes most of
B-cells virtually sparing plasmatic cells, showed
clinical efficacy, particularly in seropositive RA
patients (22,23,24,25). RTX efficacy was not
associated with Ab levels (26), and some patients
in remission persisted with high Ab titers after
treatment (27). Moreover, a subgroup of patients
with elevated ACPA did not improve after RTX
treatment, in contrast to some RA seronegative
patients (22). Finally, clinical trials involving
several new medications focused on cytokine
targets have shown promising results for RA
patients (28).

SLE and Sjögren’s syndrome (SS) are often
associated with PolyA (29,30,31). Although
auto-Ab production appears to be the hallmark
of SLE, the pathogenic role of B-cells in the
disease involves other mechanisms. Depletion
of B-cells in a murine model of SLE abrogated
disease development. However, when B-cell Ab
production capability was eliminated, mice still
developed SLE features, which suggests an Ab-
independent role (32). Evidence in humans
has shown that BCDT using belimumab, a
monoclonal Ab targeted at soluble BAFF that
impairs B-cell development and survival (6), is
effective as SLE treatment (33,34). However,
RTX showed an overall poor efficacy for SLE,
although some patients showed improvement
(35,36). These findings suggest that certain SLE
subgroups might be identified prior to therapy
(3). On the other hand, SS is considered to
present with B-cell hyperactivity, mainly through

Ab production, but cytokine derangement
related to B-cell development has been also
observed (37). Furthermore, RTX therapy has
been effective in SS (38) and cytokine levels
show a significant decrease after therapy (39).
RA may also be associated with PolyA (2) and
its coexistence with SLE is known as Rhupus,
with a prevalence as high as 10% in SLE patients
(40,41). RTX has been shown to improve the
clinical presentation for both entities (42).

Although the pathological role of B-cell
derived cytokines appears to be evident, their
clinical utility is unclear. However, as both B-
cell and cytokine- targeted therapies have been
shown to be effective in the management of RA
and probably of SLE, B-cell derived cytokines
ought to play a fundamental role in their clinical
efficacy. For instance, B-cells producing IL-6
and TNF have been identified in the synovial
tissue of RA patients (3). As these cytokines can
stimulate bone resorption, cartilage destruction,
and local activation of macrophages, their role
appear to be pivotal in RA clinical manifestations
(3). Interestingly, BCDT therapy has been shown
to reduce macrophages in joint tissues (3).
Accordingly, IL-6 polymorphisms have been
associated with lower efficacy to RTX (43),
whereas increased baseline serum IL-6 levels
were more frequent in non-responders and a
significant reduction was observed in responders
(44). Noteworthy, the former group showed
a better response to IL-6-directed therapy
(i.e., tocilizumab) when compared to T cell
costimulation blockade (i.e., abatacept) (44).
In addition, some evidence has demonstrated
the regulatory role of B-cell derived IL-10 in
murine models and RA patients, in whom a
reduction in its secretion was associated with an
enhanced disease activity, and a shift towards
an antiinflammatory milieu after BCDT was
suggested (3). However, its regulatory role in
SLE is conflicting. It has been hypothesized
that IL-10 production by autoreactive B-cells
might promote clonal expansion in an autocrine
manner (3).

Whether B-cell cytokine secretion
abnormalities act as AD trigger or are just
consequence of disease activity remains to
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be elucidated. In order to address this issue,
it is important to identify potential different
subtypes of cytokine-producing B-cells, as well
as to measure the effect of different therapies
on cytokine production (3). Therefore, as an
exploratory study, we aimed to test the hypothesis
that plasma cytokines in patients with RA and
SLE-associated PolyA differ before and after
treatment with RTX.

Materials and methods

Subjects

We included plasma samples from 11 patients
with autoimmune rheumatic diseases and 8
healthy controls, previously reported (45). Five
patients had RA only and six had SLE,
according to American College of Rheumatology
(ACR) 1987 and ACR 1982 diagnostic criteria,
respectively. SLE patients had more than one
AD (Table 1). This phenomenon is known as
PolyA, and 3 of these patients exhibited Multiple
Autoimmune Syndrome (i.e., presence of three
or more well-defined ADs) (2).

Table 1
Clinical features of patients with autoimmune
diseases

F Female; M Male; RA Rheumatoid Arthritis; SLE
Systemic Lupus Erythematosus; AD Autoimmune
Diseases; RTX Rituximab; AI Activity Index; AT

Autoimmune Thrombocytopenia; SS Sjögren’s
Syndrome; APL Anti-Phospholipid Syndrome;
HT Hypothyroidism; SSc Systemic Sclerosis;
PDN Prednisone; HCQ Hydroxycloroquine;
MTX Methotrexate; SSZ Sulfasalazine; AZA
Azathioprine; MMF Mycophenolate- Mofetil;
DFZ Deflazacort; CQ Cloroquine; D-Pen D-

Penicillamine; DAS28 Disease Activity Score-28;
SLEDAI SLE Disease Activity Index; ND No Data

*Defined as the first diagnosed
autoimmune disease.

Adapted from: Herrera D, Rojas OL, Duarte-
Rey C, Mantilla RD, Angel J, Franco M a.

2014. Simultaneous assessment of rotavirus
specific memory B cells and serological
memory after B cell depletion therapy
with rituximab. PLoS One 9:e97087.

Hypothyroidism (HT) was not confirmed to
have an autoimmune etiology; nonetheless, it
was considered of autoimmune origin given the
fact it is the leading cause of HT in places
with adequate coverage of iodized salt (46),
such as our scenario, Bogota, Colombia’s capital
city. Furthermore, HT is the most common
comorbidity in patients with ADs (2). Three
patients from our prior study were excluded (45)
(a) one with RA-non SLE associated PolyA,
(b) one with SLE solely, and (c) one for which
samples were not available. The first diagnosed
AD was considered the principal diagnosis and
was used as the criterion to determine to
which group each patient belonged. Despite
treatment with disease-modifying antirheumatic
drugs, standard immunosuppressive therapy, or
biologic therapy, all patients (except two with
no data) had moderate or high disease activity
measured by the Disease Activity Score of 28
joint count (DAS28) or SLE Disease Activity
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Index (SLEDAI). Given the failure to respond to
standard treatment regimens, they were selected
to receive RTX by their treating rheumatologist.
Additional clinical manifestations considered for
using RTX as the treatment of choice in patients
included: Lupus nephritis (n=1), Autoimmune
thrombocytopenia (n=1), polyautoimmunity of
RA and SLE (n=4), and Antiphospholipid
syndrome (n=2). The median age at RTX
treatment was 46 years (range 29–69) and
the median disease duration to the time prior
to RTX treatment was 3 years (range 1–
30); six patients had been diagnosed within
three years or less. The treatment regimen
included two infusions of intravenous RTX
(1000 mg), 14 days apart, in combination with
intravenous methylprednisolone (100–250 mg)
(47,48). The most common concomitant AD was
RA (4 patients), followed by HT (3 patients).
Nine patients (82%) were on glucocorticoids.
Table 1 describes accompanying autoimmune
diagnoses, concomitant and relevant previous
pharmacologic treatment, baseline disease
activity, and clinical follow up. Eight healthy
adult volunteers (median age 44.5, range 26-72
years) were used as controls.

Ethics statement

Written informed consent was obtained from
each adult volunteer. Studies were approved
by the Ethics Committee of the San Ignacio
University Hospital and Pontificia Universidad
Javeriana, and conducted in accordance with the
guidelines of the Helsinki Declaration.

Sample collection and processing

Blood samples were collected prior and 6 months
after RTX therapy. As these samples were used
in a prior study, they had one freeze-thaw cycle
before they were used for this study, after which
they were re-stored at −80 ºC. For this study,
samples were thawed at room temperature before
cytokine measurements were performed.

Cytokines assays

ELISA-based assays were used to measure IFN-
α (Verikine Human IFN-α ELISA Kit; Pestka
Biomedical Laboratories) and TGF-β1 (DuoSet
ELISA Human TGF-β1; R&D Systems). TNF-
α, IL-1β, IL-6, IL-8, IL-10, and IL-12p70
were measured using a Cytometric Bead
Array (CBA)-based assay (Human Inflammatory
Cytokines Kit; BD), following the manufacturer’s
instructions (49). The detection limits (pg/mL)
were as follows: IFN-α 125; TNF-α 3.7; IL-1β
7.2; IL-6 2.5; IL-8 3.6; IL-10 3.3; IL-12p70 1.9
and TGF-β1 31.5. If results were below these
values, half of the detection limit was assigned for
statistical analysis.

Statistical analysis

Analysis was performed using Excel 2011
and Graphpad Prism version 6.0 for Mac.
Differences between groups were evaluated
with nonparametric Mann-Whitney’s (unpaired)
or Wilcoxon’s (paired) tests, as required.
Significance was established if p<0.05. Two-
tailed analyses were performed.

Results

Plasma IL-6 and IL-8 are higher in patients
compared with healthy controls prior to BCDT,
and IL-6, but not IL-8, significantly decrease after
BCDT

Analysis of plasma cytokines levels prior to
BCDT and six months after RTX treatment of
all rheumatic patients showed that IL-6 and IL-8
were significantly elevated in patients prior to
RTX compared with controls (Figures 1A and
1B, Table S1). No statistical differences were
observed for IFN-α and TGF-β1 (Figures 1C and
1D, Table S1). There was a significant reduction
in IL-6 six months after RTX treatment, but
neither IFN-α nor IL-8 showed any change. Of
note, a trend towards elevation for TGF-β1 was
observed. TNF-α, IL-1β, IL-10, and IL-12p70
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concentrations were below the detection limit for
both patients and controls (data not shown).

Figure 1
Effect of Rituximab on levels of plasma cytokines of
patients with rheumatic diseases

Levels of cytokines in plasma samples of five RA
and six SLE-associated PolyA patients, prior and

6 months after RTX treatment, were analyzed
using either ELISA (i.e., IFNα, TGFβ1) or CBA

(i.e., IL-6, IL-8), as described in Material and
Methods. Control plasma samples were obtained
from eight healthy controls. Concentrations of
each cytokine are presented in pg/mL. PreRTX

indicates levels prior to therapy, PostRTX
indicates levels after therapy. HC indicates

healthy control individuals. Statistical analysis
with Mann-Whitney’s test was used when non-

matched results were compared (i.e., HC vs. Pre/
PostRTX) and Wilcoxon’s test when matched

results were benchmarked (i.e., Pre vs. PostRTX).
P values are represented as follows: NS,

P>0.05; * P<0.05; ** P<0.001; *** P<0.0001.

Table S1
Effect of RTX on median (range) levels of plasma
cytokines (pg/mL) of patients with rheumatic
diseases.

HC Healthy controls; PreRTX Levels prior
to therapy; PostRTX Levels after therapy.

a Using Mann-Whitney’s U Test.
b Using Wilcoxon’s Test.

c P-value unavailable as the
data are equal for every patient.

Prior to BCDT, IL-6 and IL-8 are elevated in RA
patients, while in SLE-associated PolyA only IL-8
is increased

To investigate whether there were differences
between RA and SLE-associated PolyA, we
analyzed the two groups separately (Figure 2,
Table S2). Prior to BCDT, RA patients showed
increased levels of IL-6 and IL-8 compared
with controls, while PolyA patients showed
elevated levels only for IL-8 (Figures 2A and
2B), although a non-significant difference in
IL-6 was detected (p=0.055). A trend towards
increased concentration of IFN-α was observed
in RA patients, but not in SLE-associated PolyA
patients (Figure 2C).

Figure 2
Effect of Rituximab on levels of plasma cytokines
according to rheumatic disease subgroup (i.e., RA
or SLE-associated PolyA)

Concentrations of each cytokine are presented
in pg/mL. RA-pre/PolyA-pre indicates levels

prior to therapy, RA-post/PolyA indicates levels
after therapy. HC indicates healthy control
individuals. Statistical analysis with Mann-
Whitney’s test was used when non-matched

results were compared (i.e., HC vs. Pre/
PostRTX) and Wilcoxon’s test when matched
results were compared (i.e., Pre vs. PostRTX).

P values are represented as follows: NS,
P>0.05; * P<0.05; ** P<0.001; *** P<0.0001.
P-values disclosed for IL-6 in RA-pre vs RA-post
patients, as well as IL-8 in PolyA-pre vs Poly-post
patients, were calculated using one-tailed tests.
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Table S2
Effect of RTX on median (range) levels of plasma
cytokines (pg/mL) according to rheumatic disease
subgroup (RA or SLE-associated PolyA).

HC Healthy controls; PolyA Polyautoimmunity;
PreRTX Levels prior to therapy; RA Rheumatoid

arthritis; PostRTX Levels after therapy.
a Using Mann-Whitney’s U Test.

b Using Wilcoxon’s Test.
c P-value unavailable as the

data are equal for every patient.
d Two-tailed/ One-tailed, respectively

After BCDT, IL-6 decreased in RA patients,
whereas IL-8 decreased in SLE-associated PolyA
patients

After six months of RTX treatment, no
significant reduction of neither IL-6 nor IL-8
were observed in neither group, using the two-
tailed Wilcoxon’s test. However, bearing in mind
that a substantial proportion of our sample
(82%) had RA, and based on the mounting
evidence that supports (a) the potential of
ACPAs in inducing IL-8 secretion (50) and (b)
the existence of IL-8 (8) and IL-6 (7) secretion
by B-cells, we hypothesize that a significant
reduction of these cytokines after BCDT should
be observed. Thus, a one-tailed Wilcoxon’s test
was performed.

There was a significant reduction of IL-6
levels in RA patients and of IL-8 in SLE-
associated PolyA patients after six months
of RTX treatment, when a one-tailed test
was performed. No differences were observed
regarding IL-6 in SLE-associated PolyA patients
and IL-8 in RA patients. Interestingly, IL-8
remained significantly elevated in both RA and
SLE-associated PolyA patients compared with
controls. Of note, after BCDT a trend towards
elevation of TGF-β1 was observed in RA patients
(Table S2).

Discussion

Our analysis of plasma cytokines before and
after BCDT therapy supports the importance
of B-cells cytokine secretion in RA and SLE-
associated PolyA, and suggests a differential role
in each pathology.

As expected (22,51,52,53), patients with RA
had higher levels of IL-6 compared with controls
and presented a significant decrease after 6-
months of BCDT (Figure 2A). These findings
support the importance of B-cells as IL-6-
secreting cells in this pathology. In agreement
with this result, Lal et al. showed that high IL-6
levels are good predictors of response to RTX
in patients with RA (22). Barr et al. showed
the capability and importance of B-cells as IL-6
secreting cells in AD, and found that BCDT
ameliorated clinical outcomes of mice with
experimental autoimmune encephalomyelitis, a
murine model of MS (7). As RA and MS
share common pathogenic pathways (3), B-cell
ablation may explain our results regarding IL-6
reduction after BCDT in RA patients. In contrast
with our finding that IL-6 concentrations
detected in SLE associated PolyA patients were
similar to control individuals (Figure 2A), using
ELISA Talaat et al. showed that in both, SLE
and RA patients, IL-6 is increased respect to
controls (53). Besides, Pollard et al. (39) found
that SS patients had increased levels of IL-6
compared with controls. Thus, it is possible that
PolyA, SLE, and SS subgroups of patients may
or may not have increased levels of IL-6. This
hypothesis is supported by our results of Figure 2B
in which heterogeneous levels of IL-6 in plasma
of PolyA patients were observed. We highlight
that few studies have been performed to assess
cytokines in PolyA prior and after RTX, as most
reports address SLE exclusively or a single AD
(e.g., RA, SS, etc.). As patients with PolyA had
more than one AD, each with a differential
cytokine pathway or expression pattern, multiple
and probably unknown complex interactions
between these processes may be present and
should be explored. As autoimmunity arises from
the promotion of autoreactive T and B cells,
an interesting approach to these interactions
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should be the existence of special lymphocyte
populations, such as the small subset of CD-20
expressing T-cells. Emerging evidence suggests
they constitutively produce cytokines (e.g.,
IL-1b, IL-2, IL-8, IL-10, IL-4, IL-17, IFN-g,
TGF-b, and TNF-α) (54,55). Although their
functional role remains unclear, their importance
and cytokine production capabilities are evident,
however their production of IL-6 is low or
inexistent (54), thus, we consider they are not a
meaningful source of this cytokine. Finally, it has
been suggested that their depletion—as a direct
effect of RTX—may partly explain the efficacy of
RTX in ADs, such as RA and MS (56).

Compared with controls, all patients, either
RA or SLE-associated PolyA, had increased
plasma levels of IL-8 (Figures 1B and 2B). In
agreement with these results, concentrations of
circulating IL-8 have been shown to be elevated
in RA patients (52,57) and in SLE patients
(without association with arthritis) compared
with control individuals in some (58) but not
all studies (39,59,60). In contrast, after 6-
months of BCDT a significant decrease was
only observed in SLE-associated PolyA patients
(Figure 2B), that, to our knowledge, has not
been previously reported. In agreement with
our findings, Keren et al. showed that in RA
patients IL-8 increased by up to 100-fold 8
weeks after the administration of RTX (despite
clinical improvement) and returned to baseline
24 weeks after the treatment. In addition, they
showed that antibody-IL-8 immune complex
deposits in synovial tissue of RA patients, which
may trigger and perpetuate an inflammatory
response (61). Moreover, their results revealed
that RTX may improve the clinical status by
reducing both available anti-IL-8 antibody and
IL-8 itself (61). In contrast with our results
(Figure 2B), decreased IL-8 concentrations in
RA patients after RTX therapy was observed
by Fabre et al. (62) measuring cytokine levels
with protein biochip array. Interestingly, this
was only observed in patients without clinical
improvement (i.e., non-responders). Further, B-
cells appear to be an important source of IL-8
either by Ab-dependent (50) or Ab-independent
(8) (i.e., IL-8-secreting cells) mechanisms. Given

the potential role of IL-8 in autoimmunity, which
has been highlighted by our study, more studies
of this cytokine as a biomarker or a therapeutic
target are warranted.

A trend towards increased plasma levels of
IFN-α in RA patients (Figure 2C) was, as
expected (63), detected. However, patients with
SLE-associated PolyA showed comparable levels
to control individuals (Figure 2C). A positive IFN
signature has been associated with progression to
RA in patients with positive ACPA, which may
be related to the antibody-induction capability
of IFN (64). Regarding PolyA, our results seem
contrary to literature reports since the IFN
signature has been found up-regulated in SLE
and SS patients (65). These findings support the
existence of clinical subgroups of patients that
may need differential treatment (66).

We found a trend towards increased plasma
concentrations of TGF-β1 after RTX therapy
in RA patients (Figure 2D), which suggests
a cytokine shift towards anti-inflammation.
Contrary, high levels of TGF-β1 have been
associated with articular damage in other studies
(67,68), and lower levels were detected in
patients with SLE and Hashimoto’s thyroiditis
compared with controls (69). Another study,
in which TGF-β1 serum levels were measured
in patients with RA compared with RA
and SS (i.e., Polyautoimmunity), identified
significantly higher levels of TGF-β1 in RA
patients that related to joint damage, calculated
with Steinbrocker index (70). Thus, the potential
of TGF-β1 and anti-inflammatory cytokines as
biomarkers needs to be in the research agenda.

Although we assessed other cytokines by CBA
(i.e., IL-1β, IL-10, IL-12p70, and TNF-α) results
were below the assay’s sensitivity threshold (data
not shown).

Our study presents some limitations. First,
serum cytokine assessment is controversial due to
its variability and susceptibility to a wide number
of both internal and external influences, and
the instability of the cytokines in the samples
(71,72). This phenomenon was observed by De
Jager et al., and prompted them to propose
some prerequisites for cytokine measurements
using multiplex immunoassays, since IL-1β and
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IL-10 were almost totally degraded after 4 years
of storage (71). Moreover, IL-6, IL-12, and
TNF-α were degraded close to a 50% by the
same time (71). However, our exploratory results
with samples frozen for over 4 years showed
positive and statistically significant findings for
two cytokines, and support the importance of
performing a larger study with fresh samples.
Second, our results are limited to differential
cytokine protein expression in patients with
PolyA, and further studies using transcriptional
expression measurement are warranted, because
several cell populations may produce measured
plasma cytokines. Third, it is considered that
after 6 months of BCDT some patients present
B-cells repopulation as an effect of the increase
in BAFF levels (6), which may bias cytokine
concentration. Nonetheless, B-cell numbers in
most of our samples (8 out of 11) were assessed
by flow cytometry in a previous study (45), and
we observed that 5 out of 8 available patients
did not have B-cell repopulation (>5000 cells/
mL) (Figures S1 and S2), suggesting that this
was not an important variable in our study.
Finally, although our results either support
(e.g., IL-6 and RA) or suggest (e.g., IL-8 and
SLE-associated PolyA) the association of the
measured cytokines with the assessed ADs, we
acknowledge that the limited statistical power of
our study due to our small sample, the hurdle
of lost data and the potential drawback of one-
tailed tests, may ultimately lead to a limited
external validity. Further, although a differential
cytokine secretion appears to be present in
our uneven sample of PolyA patients, we have
recognized the heterogeneity of the PolyA patient
population, which highlights the importance of
the selection of specific PolyA subsets in future
research. Our results require confirmation on a
larger sample.

Figure S1
Effect of RTX on the total number of CD19+ B-
cells of patients with rheumatic diseases measured
by flow cytometry

Solid lines denote the median value. The dashed
line represents the clinical depletion limit

after RTX treatment (<5000 CD19+ cells/
mL). Differences between patients PreRTX
and patients PostRTX were evaluated with

Wilcoxon’s test. All p values reported are 2-tailed.
These data are from our previous publication:

“Simultaneous assessment of rotavirus-
specific memory B cells and serological memory
after B cell depletion therapy with rituximab.

PLoS One 2014;9:e97087” and presented
here to facilitate reading of the present paper.
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Figure S2
Effect of RTX on the total number of CD19 +
B-cells of patients according to rheumatic disease
subgroup (i.e. RA or SLE-associated PolyA)
measured by flow cytometry

Solid lines denote the median value. The
dashed line represents the clinical depletion
limit after RTX treatment (<5000 CD19+

cells/mL). Differences between PolyA patients
PreRTX and PolyA patients PostRTX were
evaluated with Wilcoxon’s test. Due to the
low number of available patients in the RA

subgroup, no difference could be observed. All
p values reported are 2-tailed. These data are
from our previous publication: “Simultaneous

assessment of rotavirus-specific memory B
cells and serological memory after B cell
depletion therapy with rituximab. PLoS
One 2014;9:e97087” and presented here
to facilitate reading of the present paper.

The identification of specific cellular
populations involved in the pathogenesis of ADs
represents a provocative treatment target. To our
knowledge, we offer the first report on cytokine
assessment prior and after BCDT in patients
with SLE-associated PolyA. Clinical trials’ results
suggest that different subgroups with different
responses to treatment may exist. On the other
hand, available data for patients with two or
more ADs (i.e., Polyautoimmunity) are scarce,
although these patients may represent more
than 30% of clinical population in rheumatology
clinics, and this phenomenon may have a
genetic basis when presenting as an extreme
phenotype (73,74). This scenario supports the

need for more studies in diverse populations
(particularly PolyA), which represents a large
proportion of the clinical real-world scenario.
Such data should allow the implementation of
personalized medicine, in which the accurate
selection of individuals for each therapy will lead
to a personalized treatment, and probably the
prediction and prevention of clinical outcomes.
Mounting evidence supports the utility of these
tools in the near future (75,76).

ADs are complex and heterogeneous entities
related to a common factor: a breakdown in self-
tolerance. The serum cytokine profile has been
largely assessed in several ADs, but is scarce
in PolyA. Our results suggest the interaction of
different pathogenic phenomena in PolyA vs. RA
patients. Since measured plasma cytokines may
be produced by several cell populations, larger
studies assessing their specific production by B-
cells are warranted. This subject needs to be
better investigated in the heterogeneous PolyA
patients.
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