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Disturbances of plasma cell homeostasis and auto-antibody production are hallmarks
of systemic lupus erythematosus. The aim of this study was to explore the presence of
circulating anti-ENA and anti-dsDNA antibody-secreting cells, to determine their depen-
dence on plasma cell-niche cytokines and to analyze their clinical value. The study
was performed in SLE patients with serum anti-ENA and/or anti-dsDNA antibodies
(n = 57). Enriched B-cell fractions and sorted antibody-secreting cells (CD19'°¥CD3ghigh)
were obtained from blood. dsDNA- and ENA-specific antibody-secreting cells were identi-
fied as cells capable of active auto-antibody production in culture. The addition of a com-
bination of IL-6, IL-21, BAFF, APRIL, and CXCL12 to the cultures significantly augmented
auto-antibody production and antibody-secreting cell proliferation, whereas it diminished
apoptosis. The effect on auto-antibody production was dependent on STAT-3 activation
as it was abrogated in the presence of the JAK/STAT-3 pathway inhibitors ruxolitinib and
stattic. Among patients with serum anti-dsDNA antibodies, the detection of circulating
anti-dsDNA-antibody-secreting cells was associated with higher disease activity mark-
ers. In conclusion, auto-antibody production in response to plasma cell-niche cytokines
that are usually at high levels in SLE patients is dependent on JAK/STAT-3 activation.
Thus, patients with circulating anti-dsDNA antibody-secreting cells and active disease
could potentially benefit from therapies targeting the JAK/STAT3 pathway.
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Introduction

Systemic lupus erythematosus (SLE) is an autoimmune dis-
ease characterized by B-cell hyperactivation and increased auto-
reactive plasma cell (PC) generation. The elevated production of
auto-antibodies (autoAbs) against various self-antigens is caused
by different mechanisms [1-4]. They are mainly directed against
nucleic acids and ribonucleoproteins. Anti-double-stranded DNA
(dsDNA) autoAbs are relevant as they are highly specific, cor-
relate with disease activity and can cause lupus nephritis [5].
Other prevalent Abs in SLE patients recognize extractable nuclear
antigens (ENAs), including anti-Smith (Sm), -U1-RNP, -SSA/Ro,
and -SSB/La ribonucleoproteins, among others. Consequently,
antibody-secreting cells (ASCs) are now considered a relevant tar-
get for different therapies in SLE [6].

It is known that circulating ASCs form a heterogeneous com-
partment. Only ASCs capable of secreting high-affinity Abs migrate
to specialized survival niches of the bone marrow and reactive tis-
sues, where they become long-lived PCs in response to soluble
factors and contact-mediated signals [7, 8]. Stromal cells express-
ing CXCL12, megakaryocytes and eosinophils producing IL-6 and
a proliferation-inducing ligand (APRIL), and other soluble factors
including B-cell activating factor (BAFF) have been identified as
components of the ASC survival niches [9-11]. In addition, IL-21
has been shown to act directly on human early PCs and circulating
plasmablasts (PBs) [11-13]. In this context, STAT-3 activation by
different cytokines has recently been shown to be a critical sig-
nal for PC survival and immunoglobulin (Ig) secretion throughout
their maturation [11, 13, 14].

In an autoimmune setting, ectopic lymphoid foci and inflamed
tissues can assume a dual role, behaving as inductive and final
homing organs and providing survival signals for PCs [15, 16].
It has been described that autoAb-producing cells circulate and
accumulate in damaged organs and ectopic lymphoid tissue in
various autoimmune diseases [16-21]. However, the knowledge
of circulating auto-reactive ASCs and their functional capacities in
SLE is limited [3, 22-24].

The objective of this work was to determine the presence
of circulating anti-dsDNA and anti-ENA Ab-producing cells, to
analyze their clinical value and to explore their response to
relevant cytokines in plasma cell biology and the mechanisms
involved in anti-dsDNA and anti-ENA Ab production in SLE
patients.

Results

ASCs produce IgG, anti-ENA and anti-dsDNA Abs in
cultures of blood cells from SLE patients

Circulating ASCs are commonly identified as CD20-CD19"V
CD38heh cells [8, 25-27]. The presence of these cells in SLE
patients was evaluated. ASCs were significantly increased in the
blood of SLE patients compared to healthy controls (0.365 +
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0.054% versus 0.065 £ 0.009%, respectively; mean + SEM)
(Fig. 1A).

The spontaneous secretion of total IgG and autoAbs was mea-
sured in the supernatants of cultured non-T PBMCs. More than
90% (54 of 57) of the patients contained IgG-secreting cells in
their blood. 52% of patients with positive serum tests for anti-
ENA (25 of 48) and 31% of patients with positive serum tests
for anti-dsDNA (8 of 26) contained specific anti-ENA and anti-
dsDNA ASCs in their circulation (Supporting Information Table 1
and Supporting Information Table 2 for details in patients with
anti-ENA and anti-dsDNA ASCs). Figure 1B-D shows the levels of
in vitro total IgG, anti-ENA-, and anti-dsDNA Ab production for
those patients with circulating ASCs. This secretory capacity was
actively carried out by the cultured cells, as it could be drastically
reduced by the inclusion of the protein-synthesis inhibitor cyclo-
heximide (CHX) (Fig. 1B-D). In addition, spontaneous and active
IgG, anti-ENA-, and anti-dsDNA Ab production from SLE patients’
blood was also demonstrated by using highly purified ASCs (sorted
CD19°%CD38hgh ASCs) (Fig. 1E-G). In contrast, preparations of
blood B cells depleted of ASCs (sorted CD197CD38~ cells) did
not exhibit this secretory activity, although they were cultured at
a higher cell concentration (Fig. 1H-J).

The quantities of anti-ENA and anti-dsDNA Abs produced in
SLE cell culture supernatants showed a limited correlation with
the corresponding serum levels of these autoAbs (for anti-dsDNA
Ab: r = 0.550, p < 0.01, n = 26 and for anti-ENA Ab: r = 0.566,
p < 0.001, n = 48, Spearman test) (data not shown).

Circulating ASCs of SLE patients express receptors for
IL-6, IL-21, CXCL12, BAFF and APRIL

The profile of receptor expression for a group of B-lineage-related
factors was analyzed in the ASC fraction of SLE patients (Fig. 2A
and B). Figure 2C shows representative examples of the expres-
sion of these receptors in ASCs from healthy individuals and SLE
patients. Both components of the functional IL-6 receptor com-
plex, the IL-6R subunit (CD126) and, to a lesser extent, the signal
transducer gp130 (CD130), were expressed by a substantial pro-
portion of ASCs in SLE patients. Nevertheless, the level of expres-
sion was significantly lower than the IL-6R expression exhibited
by ASCs in healthy controls. In contrast, IL-21R and BAFF-R were
expressed in a higher proportion of ASCs in SLE patients. The
receptors for APRIL and BAFF, TACI and BCMA, and the CXCL12
receptor, CXCR4, were expressed at similar levels by ASCs from
SLE patients and healthy controls.

PC-niche cytokines promote IgG and autoAb
production by circulating ASCs in a
STAT-3-dependent manner

Next, we evaluated whether total IgG, anti-ENA and anti-dsDNA

Ab production by circulating CD19'°*CD38"8"-sorted ASCs from
SLE patients depended on a combination of PC-niche cytokines,
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Figure 1. Circulating ASCs and spontaneous IgG and autoAb production in cell cultures from SLE patients (A) Percentage of ASCs identified
by flow cytometry in non-T PBMCs as CD20-CD19'°¥CD38"sh cells in SLE patients (n = 57) versus healthy individuals (n = 12). Each data point
represents one independent sample. All data were obtained from 69 independent experiments. *p < 0.001; Mann-Whitney U test. (B-D) IgG and
auto-antibody production in cells cultures. Non-T PBMCs from SLE patients were cultured for 7 days in the absence or presence of CHX and total
IgG and autoAb production were measured in the supernatants by ELISA and CLIA, respectively. Results represent the levels of IgG, anti-ENA-, and
anti-dsDNA Ab production from those patients with in vitro IgG (n = 54, Fig. 1B) anti-ENA Ab (n = 25, Fig. 1C) and anti-dsDNA Ab (n = 8, Fig. 1D)
production, respectively. Each patient sample was analyzed once. The results are expressed in ng/mL (IgG) and RLU (anti-ENA and anti-dsDNA
Ab) and represent the mean + SEM of 54 (1B), 25 (1C) and 8 (1D) independent experiments. *p < 0.05, **p < 0.01; Wilcoxon test for paired samples.
(E) 1gG, (F) anti-ENA, and (G) anti-dsDNA Ab production was examined in cultures of sorted CD19'°¥CD38eh ASCs. ASCs from patients with serum
anti-ENA or anti-dsDNA Abs were cultured in the absence or presence of CHX. IgG (n = 11), anti-ENA Abs (n = 7) and anti-dsDNA Abs (n = 5)
were determined in the supernatants. *p < 0.05. Wilcoxon test for paired samples. (H) IgG, (I) anti-ENA, and (J) anti-dsDNA Ab production was
studied in cultures of sorted CD19'°¥CD38"g" ASCs versus sorted CD19Mgh CD38 8 B-cells (BC). ASCs and BC were cultured for 7 days. IgG (n = 9),
anti-ENA (n = 5) and anti-dsDNA Ab (n = 5) secretion was determined by ELISA and CLIA, respectively. Each patient sample was analyzed once.
The background obtained in cultures with CHX was subtracted. The results are expressed in ng/ml (IgG) and RLU (anti-ENA and anti-dsDNA Ab),
and represent the mean + SEM of five to ten independent experiments. *p < 0.05; Mann-Whitney U test. ASC: antibody-secreting cell, BC: B cells,
C: control, CHX: cycloheximide, RLU: relative luminescence units.

including IL-6, BAFF, APRIL, CXCL12, and IL-21 (MIX). This  Ab levels doubled (Fig. 3B) and anti-dsDNA Ab levels tripled
cytokine combination and their corresponding concentrations had  (Fig. 3C).

been found to be optimal in previous experiments of human Then, the effect of STAT-3 blockade on IgG and autoAb produc-
PC and PBs Ig secretion [11-13]. In the presence of MIX, the tion was explored. We found that when STAT-3 and JAK1/JAK2
mean IgG production was four times higher (Fig. 3A), anti-ENA  were inhibited by stattic and ruxolitinib, respectively, in cultures
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Figure 3. (A-C) Effect of MIX and STAT-3/JAK1-2 blockade on IgG (A), anti-ENA Ab (B) and anti-dsDNA Ab production (C) by blood ASCs
from SLE patients. (A-C) Sorted CD19'°%CD38Me" cells from patients with serum anti-ENA or anti-dsDNA Abs were cultured with and without
MIX (IL-6, IL-21, BAFF, CXCL12 and mega-APRIL), CHX, stattic and ruxolitinib, as indicated. IgG (n = 6), anti-ENA (n = 6) and anti-dsDNA Ab
(n = 5) production in the supernatants was determined by ELISA (for IgG) and CLIA (for anti-ENA and anti-dsDNA Ab). (D, E) Non-T PBMCs were
cultured in the presence of BrdU. Proliferating ASCs were identified by flow cytometry as CD19'°%CD38"e"BrdU+-cells (n = 10). Histograms from a
single experiment representative of ten experiments with one patient sample per experiment are shown in E. F, G) Apoptotic CD19'°% CD38"g" ASCs
were detected by flow cytometry after culture of non-T PBMCs by staining with FAM-VAD-fmk (n = 6). Histograms from a single experiment rep-
resentative of six experiments with one patient sample per experiment are shown in G. H) The number of viable ASCs recovered in the cultures is
indicated in H (n = 6). Each patient sample was analyzed once. The results are expressed in ng/mL (IgG), RLU (anti-ENA and anti-dsDNA Ab) (A-C),
percentages of cells (D-F), number of cells (H) and represent the mean + SEM of the above indicated number of independent experiments (A-D, F,
H). "p = <0.05.Wilcoxon test for paired samples was used for all comparisons; ASC: antibody-secreting cell, C: control, CHX: cycloheximide, RLU:

relative luminescence units.

of MIX-induced sorted ASCs, IgG (Fig. 3A), anti-ENA Ab (Fig. 3B)
and anti-dsDNA Ab (Fig. 3C) production was abrogated.

The effects of MIX on the rate of apoptosis and proliferation
of CD19'°¥CD38M" ASCs contained in non-T PBMC cultures from
SLE patients were further assessed. Figures 3D and G show that
ASCs in SLE patients had a high percentage of proliferating BrdU™
cells (28.0 + 4.9%, mean + SEM), and the addition of MIX to the
cultures significantly augmented this figure (41.8 + 5.0%, mean
+ SEM). In addition, MIX diminished the percentage of FAM-
VAD-fmk-positive apoptotic ASCs in SLE patients (Fig. 3E and
H). As a confirmation of these data, the recovery of ASCs after
the culture period was higher in MIX-stimulated cultures than in
control cultures (Fig. 3F).

Clinical features of SLE patients with circulating
anti-ENA and anti-dsDNA-specific ASCs

The relevance of the presence of a circulating phase of anti-ENA
and anti-dsDNA-specific ASCs in SLE patients was explored by ana-
lyzing their relationship with the clinical and analytical features
of the patients (Supporting Information Table 1). Disease activity
was defined by the SLE Disease Activity Index (SLEDAI) [28]. The
Systemic Lupus International Collaborative Clinics/American Col-

© 2017 WILEY-VCH Verlag GmbH & Co. KGaA, Weinheim

lege of Rheumatology (SLICC/ACR) Damage Index was assessed
as a predictor of severe outcome and an indicator of morbid-
ity [29]. Patients with serum anti-dsDNA Abs had higher dis-
ease activity indices (SLEDAI) than those with a serum anti-ENA
response (Fig. 4A). In addition, patients with detectable circu-
lating dsDNA specific ASCs had higher SLEDAI (Fig. 4B) and
SLICC/ACR scores (Fig. 4C). Furthermore, patients with dsDNA-
specific ASCs had lower levels of C3 and C4 (Fig. 4D and E), more
proteinuria (Fig. 4F) and more elevated erythrocyte sedimenta-
tion rate (ESR) values (Fig. 4G) than patients without circulating
dsDNA-secreting ASCs. No differences in these parameters were
observed between patients with or without anti-ENA-specific blood
ASCs (data not shown).

Discussion

The present study explores the occurrence and nature of circulat-
ing anti-dsDNA and anti-ENA Ab-producing cells in SLE patients
and their requirements for autoAb production.

We observed a circulating phase of ENA-specific ASCs in more
than 50% of the patients with a serological response against
ENA, whereas anti-dsDNA-secreting ASCs occurred in 31% of the

wWww.eji-journal.eu
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corresponding patients (Supporting Information see Table 2 for
details). Anti-dsDNA Ab production by blood ASCs had been pre-
viously described in SLE patients [23, 24, 30], and our results
show a similar frequency of these ASCs to that observed in another
study [30]. In contrast, anti-ENA ASCs in SLE have been poorly
analyzed in humans [31].

It is known that normal PC maturation relies on soluble factors
and contact-mediated signals provided by specialized niches that
maintain survival and promote a high rate of Ab secretion [7-13].
Dysregulation of these processes seems to play a role in the patho-
genesis of human autoimmune diseases [16]. In an attempt to
gain knowledge of the requirements of circulating auto-reactive
ASCs in SLE, we explored whether ENA- and dsDNA-specific ASCs
depended on the PC-niche cytokines and factors IL-6, BAFF, APRIL,
CXCL12, and IL-21. Therefore, the expression of receptors for
those cytokines was assessed. It was found that CD126, BCMA
and TACI were the receptors expressed at higher levels on ASCs
(Fig. 2). The data regarding the expression of the BAFF and APRIL
receptors on B and PCs in SLE are controversial [32, 33]. In
our results, comparison with blood ASCs from healthy individuals
revealed that blood ASCs from SLE patients showed significantly
higher expression of IL-21R and BAFF-R and lower expression of
the IL-6 receptor complex (Fig. 2). This profile of receptors exhib-
ited by ASCs in SLE resembled that of human early PCs obtained
from tonsils and lymph nodes, two organs considered inductive
areas for initial PC formation [11, 12]. These data might suggest
that circulating auto-reactive ASCs are at a less mature stage in SLE
patients than in healthy individuals. B-cell hyperactivation [1, 34]
and the marked expansion of ASCs in SLE patients (Fig. 1A) could
be related to the strong generation of ASCs in inductive areas
that would result in an early egress of PBs and initial PCs to the
peripheral blood in SLE.

Next, we observed that ASCs, including ENA- and dsDNA-
specific ASCs, responded to PC-niche cytokines as the addition
of a cocktail of IL-6, APRIL, BAFF, CXCL12, and IL-21 (MIX) to
cultures of sorted ASCs from SLE patients increased their total
IgG, anti-ENA and anti-dsDNA Ab responses (Fig. 3A-C). This
observation indicates that SLE autoAb-producing cells respond to
PC-niche related cytokines, and suggests that inflamed tissues, as
prominent sources of these cytokines, provide signals for ENA-
and dsDNA-specific ASCs to promote a greater capacity of autoAb

© 2017 WILEY-VCH Verlag GmbH & Co. KGaA, Weinheim

secretion and eventually a higher pathogenic potential. In this
regard, it is known that the levels of BAFF, APRIL, IL-21, IL-6,
and CXCL12 are increased in SLE patients [35-38]. This pro-
survival context might favor the persistence of auto-reactive ASCs
and could explain the lack of response of some SLE patients to
therapies targeting CD20, as ASCs lose CD20 expression during
maturation. In accordance with some reports, these patients can
benefit from other B-cell directed therapies like BAFF antagonists
in certain SLE patients [39, 44].

It has been described in humans that STAT-3 inhibition impairs
PC maturation, not only by STAT-3-activating cytokines such as
IL-21 and IL-6 but also by the action of other cytokines, including
BAFF, APRIL and CXCL12 [11, 14]. Therefore, STAT-3 activa-
tion appears to be necessary for enabling the function of other
cytokines required for PC acquisition of long-lived status. The
present results reveal that the inductive effect of MIX on IgG,
anti-ENA and anti-dsDNA secretion by SLE ASCs was also inhib-
ited when the STAT-3 pathway was blocked by inhibitors of
both STAT-3 phosphorylation (stattic) and several JAK members
required for upstream steps of this pathway (ruxolitinib) (Fig.
3A-C). From a clinical point of view, these results would sup-
port a rationale for using therapies blocking JAK/STAT3 pathways
in SLE, such as tofacitinib (JAK1/JAK3 inhibitor) and baricitinib
(JAK1/JAK2 inhibitor). In fact, Yamamoto et al. have reported
that treatment of a patient with rheumatoid arthritis and SLE
with tofacitinib reduced anti-DNA Abs [40]. Moreover, it has been
recently reported that activation of STAT1/STAT3 in response to
other cytokines such as IL-39 mediates inflammatory responses in
lupus-like mice [41].

To gain deeper insight into the mechanisms responsible for
the effect of MIX in the production of anti-ENA and anti-dsDNA
Abs, we analyzed the rates of proliferation and apoptosis of ASCs
in SLE patients. First, a high rate of spontaneous proliferation and
apoptosis of ASCs was observed (Fig. 3D-H), corresponding to the
early maturation stage of blood ASCs [27]. When MIX was added
to the cultures, ASCs augmented their proliferation and dimin-
ished their level of apoptosis, effects that resulted in improved cell
survival (Fig. 3D-H). Taken together, these results indicate that
PC-niche cytokines promote the expansion (Fig. 3D and G) and
survival (Fig. 3E and H) of ASCs in SLE patients, including those
auto-reactive ASCs capable of producing high levels of anti-ENA
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and anti-dsDNA Abs (Fig. 3B and C), and therefore, they would
become putative long-lived memory auto-reactive PCs. This result
agrees with those found in Sjogren’s syndrome, where the salivary
glands of primary Sjogren’s syndrome patients express factors
vital for PC survival [42]. It has been suggested that ENA- and
dsDNA-specific PCs have different maturity levels and lifespans
in SLE patients. The persistence of high levels of anti-ENA Abs is
more consistent with a long-lived PC response. In contrast, the
transitory presence of anti-dsDNA autoAbs during flares suggests
that they are short-lived PCs [2, 16, 43]. The present results
do not yield conclusions about this issue, although differences
between anti-ENA and anti-dsDNA ASCs have been found that
suggest distinctive roles in the pathogenicity, chronicity and
activity of the disease. First, circulating ENA-specific ASCs were
more frequent but produced autoAbs at lower levels and in a
more stable way than dsDNA-specific ASCs, which exhibited an
explosive release of anti-dsDNA Abs in some patients (Fig. 1C and
D and Supporting Information Table 2). Second, in contrast to
ENA-specific ASCs, the presence of anti-dsDNA ASCs was related
to clinical parameters (Fig. 4).

The patients with circulating dsDNA-specific ASCs showed
higher SLEDAI values than the patients without them (Fig. 4B),
as it has also been shown by Hanaoka et al. [30]. In addition, we
observed a higher SLICC/ACR organ damage index (Fig. 4C), more
proteinuria (Fig. 4F), more complement consumption (Fig. 4D
and E) and more elevated levels of ESR (Fig. 4G) among patients
with dsDNA-specific ASCs compared to the patients without them.
Therefore, the presence of circulating anti-dsDNA positive ASCs
can represent a marker of more organ damage, a worse prognosis
and, therefore, a predictor of a severe outcome in SLE patients.
The lack of relationship between ENA-specific ASCs and clinical
parameters could be due to the fact that anti-dsDNA Ab are known
to be pathogenic and correlate with disease activity [5] (Fig. 4A),
while anti-ENA Ab are not.

In summary, we have detected circulating anti-dsDNA and anti-
ENA ASCs in SLE patients. They respond to the PC-niche cytokines
that are usually at high levels in SLE patients such as IL-6, BAFF,
APRIL, CXCL12, and IL-21, and depend on STAT-3 activation for
survival, proliferation and the secretion of autoAbs. In addition,
patients with circulating anti-dsDNA-specific ASCs showed higher
markers of activity and organ damage and, hence, they represent
patients with worse prognosis. These observations support the
view that drugs blocking IL-6, BAFF, APRIL, CXCL12 (inhibitor
agent 30D8), IL-21 (agent NNC0114-0006) and JAK-STAT path-
way (tofacitinib and baricitinib) target auto-reactive PCs and offer
therapeutic options for SLE [44].

Materials and methods

Patients and control populations

Heparinized blood samples were obtained from 31 normal healthy
donors (16 women and 15 men; mean age 40 + 2 years, range
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26-59), 10 patients with RA and 57 SLE patients (50 women
and 7 men; mean age 43 + 2 years, range 13 to 72) who ful-
filled the American College of Rheumatology criteria for RA and
SLE, respectively. Only SLE patients with positive serum test for
anti-ENA and/or anti-dsDNA were included in the study. Both,
SLEDAI [28] and SLICC/ACR damage [29] index scores were cal-
culated using the on-line calculators of The Medical Algorithms
Company (www.medal.org). A summary of the clinical and ana-
lytical features of the SLE patients at the time of analysis is
shown in an additional table file (see Supporting Information
Table 1).

For some experiments, blood samples were obtained from
healthy donors 7 day after receiving a conventional booster
immunization against tetanus-diphtheria toxoids and acellular
pertussis (Boostrix; GlaxoSmithKline Biologicals SA, Rixensart,
Belgium).

Patients and healthy donors were informed of the objective of
the study and gave their consent according to the Declaration of
Helsinki. Approval for this study was obtained from the Institu-
tional Review Board (Comité Etico, Hospital Universitario Puerta
del Mar).

Reagents

The following monoclonal Abs (mAbs) were used: peri-
dinin chlorophyll protein-Cy5.5 (PerCP-Cy5.5)-labelled anti-CD19
(clone SJ25C1) and anti-CD38; allophycocyanin (APC)-labelled
anti-CD27 and anti-CD19; fluorescein isothiocyanate (FITC)-
labelled anti-CD20, phycoerythrin (PE)-labeled anti-CD126, anti-
CD130, anti-IL21R, anti-TACI, anti-BAFFR and anti-CXCR4; and
the appropriate labeled antibodies used as negative controls (Bec-
ton Dickinson; San Jose, CA, USA); goat PE-anti-BCMA poly-
clonal Ab and isotype matched controls (R&D Systems, Min-
neapolis, MN). Magnetic microbeads bound to anti-CD27 and
MS and LS columns for immunomagnetic selection were provided
by Miltenyi Biotec (Auburn, CA). IL-6, IL-21, BAFF and CXCL12
were purchased from PeproTech (London, U.K.). Mega-APRIL was
provided by AdipoGen (Liestal, Switzerland). Unconjugated and
peroxidase-conjugated anti-human IgG Abs used for ELISA were
purchased from BioSource International (Camarillo, CA). STAT3
inhibitor V, stattic, and the JAK 1, 2 inhibitor ruxolitinib were
purchased from SelleckBio (Houston, TX). The BrdU Flow Kit (BD
Pharmingen) was used to detect proliferating cells. FAM-VAD-fmk
(carboxyfluorescein-Val-Ala-Asp OMe-fluoromethyl ketone) was
provided by SM Biochemicals (Anaheim, CA).

Cell preparation and cell sorting

PBMC were isolated by density gradient centrifugation on
Hystopaque-1077 (Sigma-Aldrich), and non-T PBMCs were sub-
sequently obtained as previously described [25]. CD27+ cells
were purified from the non-T-cell fraction using an immunomag-
netic cell selection technique to enrich the ASC subset [11]. Next,
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CD19"°%CD38Meh ASCs and CD19+P8"CD38~ B lymphocytes were
purified by sorting on a FACSAria flow cytometer (BD) (Support-
ing Information Figure 1A). The post-sort purity was >95%.

Cell culture and functional analysis

Cell cultures were set up in medium consisting of RPMI 1640
supplemented with 10% FCS, 10 mM L-glutamine, 100 U/ml
penicillin, and 100 mg/ml streptomycin (from Life Technologies
BRL Life Technologies, Paisley, U.K.) in 24- or 96-well flat-bottom
culture plates (Nunc, Roskilde, Denmark) in a final volume
of 1 mL and 250 L, respectively. Apoptotic ASCs were by
determined by flow cytometry (FC), labelling active caspases with
the fluorochrome-labeled inhibitor FAM-VAD-fmk [12]. Briefly,
2.5 x 10° non-T PBMCs were cultured in 1 mL of culture medium
for 48 h, and FAM-VAD-fmk (1 uM) was added and incubated
for 1 h at 37°C. The cells were then labeled with PE-anti-CD19
and PerCP-Cy5.5-anti-CD38 mAbs and extensively washed before
the analysis. Proliferation assays were carried out on the non-T
PBMC fraction (2.5 x 10° cells/ml), which was cultured for 24
h in the presence of BrdU (10 pM) during the last 18 h of the
culture period. FC analysis of proliferating ASCs was performed
by gating on CD19°"CD38"is? cells.

Four-color FC analysis of labeled cells was performed with a
FACSCalibur cytometer using CellQuest software (Becton Dickin-
son; San Jose, CA, USA). For phenotypic analysis, at least 2 x 10°
cells were collected in the ASC gate.

For IgG anti-ENA Ab, IgG anti-dsDNA Ab and total IgG pro-
duction experiments, the non-T PBMC fraction was cultured
at 1.25 x 10° cells/250 pL for 7 days, as indicated. Purified
CD19'°¥CD38Meh ASCs were cultured at 1 x 10 cells/250 L
for 7 days. Sorted CD19*1¢"CD38~ B lymphocytes were cultured
at 5 x 10* cells/250 pL for 7 days.

The final concentrations of the cytokines, growth factors and
inhibitors used in this study were as follows: CHX (10 pg/mL), IL-
6 (5 ng/mL); IL-21 (50 ng/mL); BAFF and CXCL12 (100 ng/mL);
mega-APRIL (1 pg/mL); STAT3 inhibitor V, Stattic, and the JAK
1, 2 inhibitor, ruxolitinib (1 wM).

IgG and autoantibody detection

Total IgG production and anti-TT IgG in the cultures were deter-
mined by in-house ELISAs [25, 26].

Indirect immunofluorescence (IIF) on HEp-2 (Delta Biologi-
cals SRL, Pomezia, Italy) and Crithidia luciliae (Inova, Werfen)
substrates was used to determine anti-nuclear and anti-dsDNA
antibodies in the patients’ serum samples, respectively.

Individual ENA and other antinuclear specificities, includ-
ing Ul- RNP, Sm, SSA/Ro 52 kDa, SSA/Ro 60 kDa, SSB/La,
Scl-70/topoisomerase-I, Jo-1, Ribosomal P-proteins, CENP-B,
PmScl, and histones, were determined by immunodot assay
(Euroline anti-nuclear antibodies Profile 3, Euroimmun Liibeck,
Germany).

© 2017 WILEY-VCH Verlag GmbH & Co. KGaA, Weinheim
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IgG anti-ENA and anti-dsDNA Abs in the sera and undiluted
supernatants from cell cultures were evaluated by a chemilu-
minescence technique (CLIA) using QUANTA-Flash ENA-7® and
QUANTA-Flash® dsDNA, respectively (Inova, Werfen). ENA-7®
uses immunobeads coupled to a mixture of nuclear antigens (Sm,
U1RNP, SSA/Ro 60 kDa, SSA/Ro 52 kDa, SSB/La, Jo-1, Scl-70).
The autoAb levels in the supernatants were reported in relative
luminescence units (RLU). CLIA was shown to be sensitive and
specific for detecting autoAb secreted into the cell cultures. An
additional table file and an additional figure file show this in
more detail (see Supporting Information Table 2 and Support-
ing Information Fig. 1). First, when the autoAb production in
the cell cultures was very high (> 3 x 10* RLU), anti-ENA and
anti-dsDNA Abs contained in the culture supernatants could also
be demonstrated by means of IIF on HEp-2 and Crithidia lucil-
iae substrates, respectively (Supporting Information Figure 1B,C).
Also, the autoAb level present in supernatants from non-T PBMC
cultures from 10 healthy controls (see Supporting Information
Table 2) did not exceed the autoAb background using culture
medium alone (287 + 20 and 345 + 14 RLU for anti-ENA and anti-
dsDNA Abs, respectively, mean + 3 SD, n = 10, data not shown).
In addition, supernatants from non-T PBMC cultures from SLE
patients with positive serum tests for anti-ENA Abs, but not for
anti-dsDNA Abs, showed only anti-ENA production and vice versa
(Supporting Information Table 2). Furthermore, non-T PBMC cul-
tures from 10 patients diagnosed with rheumatoid arthritis and
with serum anti-citrullinated peptide Abs (ACPA) did not pro-
duce either anti-ENA or anti-dsDNA Abs (Supporting Information
Table 2). As an additional control, three healthy individuals were
immunized with tetanus-diphtheria toxoids and acellular pertus-
sis and, after 7 days, when a high number of specific and non-
specific Ig-secreting cells are released into the circulation [25, 26],
CD19"°%CD38"e" ASCs were sorted and cultured in the absence
of stimulation, and anti-ENA, anti-dsDNA and anti-tetanus toxoid
(TT) Abs were quantified in the culture supernatants. Although
an anti-TT response was developed in the cultures, neither anti-
dsDNA nor anti-ENA Abs were produced (Supporting Information
Table 2).

Statistical analysis

Significant differences were established by Mann-Whitney U test
or Wilcoxon test for unpaired or paired samples, respectively. Cor-
relations were examined by Spearman’s rank correlation test. P-
values lower than 0.05 were considered statistically significant.

This work has been financially supported
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ics/American College of Rheumatology Damage Index - TT: anti-tetanus

toxoid
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