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Abstract

Rheumatoid arthritis (RA) is a chronic inflammatory disease characterized by progressive

joint destruction associated with increased pro-inflammatory mediators. In inflammatory
microenvironments, exogenous ATP (eATP) is hydrolyzed to adenosine, which exerts
immunosuppressive effects, by the consecutive action of the ectonucleotidases CD39 and CD73.
Mature B cells constitutively express both ectonucleotidases, converting these cells to potential
suppressors. Here, we assessed CD39 and CD73 expression on B cells from treated or untreated
patients with RA. Neither the frequency of CD73*CD39* and CD73"CD39" B cell subsets nor
the levels of CD73 and CD39 expression on B cells from untreated or treated RA patients showed
significant changes in comparison to healthy controls (HC). CpG+IL-2-stimulated B cells from
HC or untreated RA patients increased their CD39 expression, and suppressed CD4* and CD8"*
T cell proliferation and intracellular TNF-production. A CD39 inhibitor significantly restored
proliferation and TNF-producing capacity in CD4" T cells, but not in CD8* T cells, from HC
and untreated RA patients, indicating that B cells from untreated RA patients conserved CD39-
mediated regulatory function. Good responder patients to therapy (R-RA) exhibited an increased
CD39 but not CD73 expression on B cells after treatment, while most of the non-responder (NR)
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patients showed a reduction in ectoenzyme expression. The positive changes of CD39 expression
on B cells exhibited a negative correlation with disease activity and rheumatoid factor levels.
Our results suggest modulating the ectoenzymes/ADO pathway as a potential therapy target for
improving the course of RA.
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B cells from patients with Rheumatoid Arthritis (RA) have similar CD39 and CD73 expression to

B cells from healthy controls (HC). After a positive response to therapy, B cells exhibit an increase
in CD39, but not in CD73, expression and consequently higher capacity to hydrolyze eATP and to

suppress CD4+ T cell proliferation and TNF production.
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Introduction

During inflammation, adenosine triphosphate (ATP) is released from inflammatory and
parenchymal cells. Extracellular ATP (eATP) acts as a “danger” signal stimulating
immunity, i.e. by inflammasome activation. In order to regulate the immune response,
eATP is hydrolyzed by the concerted action of two enzymes expressed in the

plasma membrane, ectonucleoside triphosphate di-phosphohydrolase (NTPDasel/CD39)
and ecto-5nucleotidase (CD73), into adenosine (ADO) [1]. By interacting with its specific
receptors, ADO is able to downregulate the functions of different cell populations of

the immune system. ADO attenuates the effector function of T cells and enhances the
suppressive functions of regulatory T cells [2, 3]. Also, ADO is able to shape the humoral
immune response. It has been reported that ADO plays an important role in immunoglobulin
class switch recombination [4, 5].
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Agreed with the sequential action of CD39 and CD73 degrades ATP, ADP, and AMP into
ADO, the ectoenzymes CD39 and CD73 could be considered immunological mediators that
contribute to dampens pro-inflammatory immune cell activity [6, 7]. Thus, human mature B
cells that constitutively express CD39 and CD73 could potentially act as regulatory B cells.
Activated, but not resting, B cells upregulate CD39 and downregulate CD73 expression,
and therefore produce AMP but little ADO in the presence of eATP [8]. These B cells

act as regulatory cells since they inhibit T cell proliferation and cytokine production by

a mechanism presumably driven by AMP signaling [8]. Unlike human B cells, only 30%

of murine B cells express CD39, but CD39 expression in murine B cells has also been
associated to regulatory function [9].

Rheumatoid arthritis (RA) is a chronic inflammatory disease characterized by progressive
joint destruction associated with synovial proliferation and secretion of high levels of pro-
inflammatory mediators, which include cytokines and growth factors among others [10, 11].
The huge tissue damage produced in the joints of RA patients gives rise to a considerable
increase in ATP levels in the synovial fluid [12]. In addition, peripheral blood mononuclear
cells (PBMC) from RA patients show higher expression levels of the ATP-gated P2X7
receptor (P2X7R) than those from normal individuals [13], suggesting a connection between
ATP and the pathogenic behavior of T cells in RA.

CD39 and CD73 expression and activity undergo dynamic changes in response to different
pathophysiological conditions [14-16]. It has been demonstrated that changes in the
expression of these ectoenzymes may influence the outcome of various pathologies [17].

It has been demonstrated that Tyeqs from RA patients exhibit lower expression of CD39
than Tyegs from healthy donors [18], and that patients with oligoarticular juvenile idiopathic
arthritis exhibit low CD73 expression on T and B cells in the inflamed joints that correlate
with clinical disease severity [19]. This shows the complexity of RA and highlights the
importance of studying the different protagonists of the purinergic pathways involved in the
development and progression of RA.

Given that B cells express high levels of CD39 and CD73, we assessed the CD39/CD73
ectonucleotidases involved in the ADO pathway in B cells from a cohort of patients with
RA. In this study, we examined the frequency of CD73*CD39* cells among B cell subsets,
the NTPDase activity of CD39" B cells before and after successful treatment, and the impact
of this on T cell response in RA patients under different treatments.

Similar frequencies of B cell subsets expressing CD39 and/or CD73 cells in RA patients
and healthy controls

As a first step to analyzing the CD39/CD73 ectonucleotidases involved in the ADO
pathway in B cells from RA patients, we determined by flow cytometry the percentages

of CD39" and CD73* cells within the major circulating B cell populations in RA

patients in comparison to healthy individuals. Peripheral blood was obtained from: healthy
controls (HC), RA patients without specific treatment (untreated), and RA patients treated
with conventional synthetic disease-modifying antirheumatic drugs (csDMARDs, mainly
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MTX), anti-TNF +/- csDMARDs (any TNF-blocking biological treatment plus mainly
MTX) and TOFA +/- csDMARDs (JAK inhibitor Tofacitinib plus mainly MTX). We
evaluated CD73 and CD39 expression within different B cell subsets defined as total
(CD19%), memory (CD19*CD24NCD38~), mature (CD19*CD24I"CD38M) and immature
(CD197CD24NiCD38M) B cells. Fig. 1A illustrates a representative staining of CD73 and
CD39 on B cell subsets from an untreated RA patient. As previously reported, most
circulating B cells co-expressed CD39 and CD73 on the cell surface [8, 20].

Comparison of the frequencies of CD73*CD39" B cells (Fig. 1B, upper panels), and
CD73°CD39* B cells (Fig. 1B, lower panels) among B cell subsets from our cohort of
patients showed practically no significant differences between the groups of RA patients
and HC (Fig. 1B). Within the immature B cell population, we observed higher frequencies
of CD737CD39* B cells in comparison with mature B cells for all the samples analyzed
(Fig 1B); therefore, the frequency of CD73*CD39* cells was significantly lower than
within mature B cells (p<0.01). Only a small but statistically significant difference was
observed within CD73*CD39" and CD73"CD39* mature B cells when comparing RA
patients treated with csDMARDSs versus RA patients treated with anti-TNF+ csDMARDs.
However, despite this data, we can conclude that treatments did not modify the frequency of
CD73*CD39* and CD73"CD39* B cell subsets. In addition, no differences were observed in
the frequencies of single positive CD73 or single positive CD39-expressing cells within the
different B cell subsets among all the groups analyzed (Supplementary Fig. 1).

The expression as well as the activity of CD39 and CD73 undergo dynamic changes
depending on the pathophysiological context in which they are embedded [21]. Although
we observed similar frequencies of CD73*CD39* and of single positive CD73 or CD39

B cells in RA patients in comparison to HC, we next compared the mean fluorescence
intensity (MFI) of CD73 and CD39 staining, as a measure of the levels of expression of
these molecules, among the different B cell subsets from RA patients in comparison to HC.
Fig. 1C displays representative histograms showing CD73 and CD39 expression on total,
memory, mature and immature B cells from an untreated RA patient. After the analysis

of CD73 and CD39 expression, we determined that there were no statistical differences

in the MFI of CD39 and CD73 staining on peripheral blood B cell subsets from all the
patients of our cohort in comparison to HC (Fig. 1D). Interestingly, immature B cells
exhibited a bimodal expression of the ectoenzymes. CD39* or CD73" immature B cells had
a significantly lower CD39 and CD73 expression in comparison to that observed on mature
and memory B cells in all the groups analyzed (Supplementary Fig. 2), suggesting that B
cells acquire CD73 and CD39 during maturation.

Altogether, these data indicate that circulating B cells expressing CD73 or CD39 or both
ectoenzymes show no significant changes in their frequency or in the level of expression of
these regulatory molecules in untreated or treated RA patients in comparison to HC.

Comparable CD39-mediated regulatory function in B cells from untreated RA patients and
healthy controls

We next attempted to determine whether B cells from RA patients show dysfunctional
regulatory features via CD39. To this end, we evaluated the capacity of B cells from HC
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and untreated RA patients to suppress the proliferation and the frequency of TNF-producing
CD4" and CD8™ T cells in a CD39-mediated fashion. As a first step, CD19* B cells were
purified from PBMC of HC and untreated RA patients and incubated during 72h with
medium alone or with CpG+IL-2. We used CpG, a T-independent ligand to activate B

cells [22], in the presence of IL-2, to provide signals that enable B cells to survive several
days of culture. Later, activated B cells were incubated with autologous T cells previously
stimulated with anti-CD3/anti-CD28.

As described for activated B cells [23], the MFI of CD39 expression increased significantly
on B cells from HC and untreated RA patients upon stimulation with CpG plus IL-2

(Fig. 2A), while CD39 expression was not modified when B cells were incubated in the
presence of IL-2 (data not shown). As expected, given our previous report [24], unstimulated
B cells were not able to suppress T cell proliferation or cytokine production (data not
shown). In contrast, when CD19* B cells from HC, activated with CpG+IL-2, were added
to the T cell culture, the proliferation of CD4* or CD8" T cells and the frequency of

TNF* CD4* or CD8™" T cells significantly decreased (Fig. 2B and C). Remarkably, CD19*
B cells from untreated RA patients were also able to reduce CD4* and CD8* T cell
proliferation and intracellular TNF production. To explore the role of CD39 in our co-culture
systems, we added the ectoATPase CD39 inhibitor ARL67156 to the cultures [25], which
significantly restored proliferation as well as TNF-producing capacity in CD4* T cells from
both HC and untreated RA patients (Fig. 2B). In contrast, the addition of ARL67156 did not
significantly revert CD8" T cell suppression or the frequency of TNFTCD8* T cells elicited
by CpG-stimulated B cells (Fig. 2C). Further, we observed that the addition of activated B
cells to activated CD4* T cells reduced the concentration of TNF, but not of IL-17A, in

the supernatants of the co-cultures. An increase in TNF concentration was observed when
ARL67156 was added to the culture of CD4* T cells with activated B cells (Supplementary
Fig. 3A and B). The addition of activated B cells to activated CD8* T cells did not modify
the levels of TNF in the culture supernants. IL-17A was not detected in the supernatants of
activated B cells co-cultured with activated CD8* T cells (data not shown).

These results indicate that the CD39-mediated regulatory capacity of B cells on TNF~
producing CD4* T cells was not affected in RA patients.

RA patients showing good response to treatment exhibit increased CD39 expression on B

cells

According to EULAR criteria [26, 27], the response of RA patients to drug therapy is
classified as good, moderate or none, depending on the DAS28 variation. Considering

this, we aimed at identifying whether changes in CD39 expression on B cells showed any
correlation with the response to treatment in RA patients. To this end, we compared the

level of CD39 expression on total B cells at baseline (before starting the treatment) and

after 3 months of treatment, in RA patients who were classified as good responders (R-) and
non-responders (NR-) (as indicated in Materials and Methods) after the follow-up evaluation
of the clinical response. As evidenced by the changes in the MFI of CD39 expression,

some R-RA patients exhibited a significant increase after treatment, while most of the NR
patients exhibited a decrease in CD39 expression on B cells (Fig. 3A). We also evaluated
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whether CD39 expression increased in any particular B cell subset from R- and NR-RA
patients. After treatment, R-RA patients showed a significant increase of CD39 expression
on immature B cell subsets and a tendency, although without statistical significance, of
CD39 increase on mature and memory B cells. As expected, NR patients did not exhibit any
significant differences in CD39 expression on any B cell subset evaluated (Supplementary
Fig. 4A). The results suggest that the CD39 increase detected in the total B cell population
could be a consequence of small contributions of each subset.

We also evaluated the expression of CD73 in the different B cell subsets in R-RA and
NR-RA patients. No change was observed in the expression of the CD73 ectoenzyme as a
consequence of treatment, with the MFI of CD73 being similar before and after treatment
in R- and NR-RA patients (Supplementary Fig. 4B). Finally, we evaluated the frequency
of CD73*CD39" cells in the different B cell subsets and observed no statistical differences
before or after treatment in R- and NR-RA patients (Supplementary Fig. 4C).

To evaluate the activity of CD39 expressed on B cells as a functional ectoenzyme able to
hydrolyze ATP, B cells purified from PBMCs of five R-RA patients at baseline and after
treatment were cultured in the presence of exogenous ATP. The increase in the expression
of CD39 on total B cells at treated versus baseline time points was confirmed in this

group of R-RA patients (Fig. 3B). Culture supernatants from B cells obtained from R-RA
patients after treatment showed lower ATP levels, although without statistical significance,
than culture supernatants from B cells from the same patient obtained at baseline (Fig. 3B).
Altogether, these results indicate that B cells from RA patients maintained their ability to
hydrolyze ATP.

To understand the relevance of our findings, we evaluated different parameters associated
with the disease (i.e. DAS28 and the levels of rheumatoid factor (RF) in RA patients with
respect to changes in CD39 expression after therapy. Figure 3C depicts the delta of CD39
MFI, obtained from the values of CD39 expression on total CD19" B cells before and after
treatment vs the changes in disease activity determined as the delta of DAS28. We observed
that high delta values of CD39 expression on CD19*B cells correlated with a better status of
the disease (negative delta values of DAS28 correspond to R-RA patients; Fig. 3C indicated
with fill circles). NR-RA patients have delta values of DAS28 near cero or higher than cero
(Fig. 3 C, indicated with empty circles) and low delta values of CD39 expression. Also, high
delta values of CD39 expression on total CD19" B cells correlated with decreased levels of
RF (negative delta values of RF titres). Considering that in the cohort we have evaluated,
some patients were RF negative, delta values of RF were 0. Details of R-RA patients’
response can be observed in Supplementary Fig. 5 which shows the changes in CD39
expression as consequence of treatment and the changes in different parameters involved in
progression of RA as DAS28, RF and anti-CCP antibodies.

Discussion

Despite the importance of B cells in the pathogenesis of human autoimmunity, they may
also play a role in immunomodulation through IL-10-dependent [28] and -independent
mechanisms. The independent mechanisms include participation of the inhibitory molecule
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PD-L1 [24, 29] or the expression of the ectoenzymes CD39/CD73 [8, 23]. Information about
regulatory CD39* CD73*B cells in patients with RA is limited, and therefore it is interesting
to examine whether these cells are affected in RA and if therapy can modify their function.

In this work, we demonstrate that RA patients exhibit similar frequencies of B cell subsets
that express CD73 and/or CD39 as HC. All subsets of circulating B cells expressing CD73
or CD39 or both ectoenzymes show no significant changes in their frequency or in the
level of expression of these regulatory molecules in untreated or treated RA patients in
comparison to HC, indicating that these B cell populations are not affected in RA.

The CD39/CD73 pathway has been previously evaluated in AR patients, but most of

the studies were limited to T cells, both in patients and experimental models. Using an
experimental model of collagen-induced arthritis, it has been reported that the IL-6 produced
by pro-inflammatory cells reduced the frequency of CD39™ Tyegs in lymph nodes and spleen
[30]. Also, low CD73 expression on CD8* and CD19* cells in the inflamed site has been
reported in patients with juvenile idiopathic arthritis [19]. On the other hand, peripheral
blood from RA patients has been shown to have a higher frequency of Tyegs With increased
CD39 activity and decreased activity of adenosine deaminase, an enzyme involved in the
metabolism of ADO [31], probably as a compensatory mechanism to maintain the levels of
the anti-inflammatory ADO.

When we evaluated CD39 expression of B cells in the patients enrolled in our study, we
observed that, as in HC, B cells from untreated RA patients increased the expression of
CD39 after /n vitro stimulation with an unspecific stimulus such as CpG. The activated B
cell, from untreated RA patients or HC, suppressed CD4* and CD8" T cell proliferation
and TNF production. The inhibition on CD4"* T cells by activated B cells was mediated
by CD39, since the addition of CD39-activity inhibitor reverted the suppression. However,
CD8* T cell suppression was not modified by the CD39 inhibitor, indicating that the
inhibition does not involve CD39. Probably, the inhibitory molecule PD-L1, also highly
expressed on activated B cells from HC and RA patients, is responsible for the inhibition
of CD8™* T cell proliferation and TNF production, as we previously reported [24]. This
differential susceptibility among CD8* and CD4* T cells may depend on the differential
expression of PD-1, the PD-L1 receptor, or ADO receptors on T cell populations [32] or
differential responses to 5"-AMP signaling [33]. Further studies are needed to elucidate the
causes of differential T cell responses to CD39-mediated inhibition.

Our data confirm the report that, after CpG stimulation, CD73 expression was
downregulated on B cells [8]. Although it could be considered that CD73 downregulation
affects the ability of B cells to generate ADO, it has been described that CD73 can be
provided by neighboring cells. Indeed, CD39*CD73~ Trl cells have been shown to be able
to produce ADO with the collaboration of CD73* cells [7, 34]. It is thus possible that, in the
co-culture assays, activated T cells participate in ADO production providing CD73.

Remarkably, B cells from patients with good response to treatment upregulated CD39, but
not CD73 expression. Although without statistical significance, we found B cells from R-RA
patients showed a tendency toward increased ATP consumption. It is likely that enhanced
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CD39 expression favors the hydrolysis of exogenous ATP in AMP and ADO. Thus, B

cells from R-RA patients may collaborate in the control of the inflammatory state. It has
also been demonstrated that unresponsive RA patients exhibit lower CD39 expression on
Tregs than good responder patients and HC. Additionally, Gupta et al [35] found that single
nucleotide polymorphism (SNP) in the ENTPD1 (CD39) gene was associated with poor
response to MTX and this could explain the patient’s differential response. The relevance
of CD39 in RA was also evaluated in a murine model, finding that CD39 blockade reduced
the antiarthritic effect of MTX, which suggests that CD39 and ADO production are involved
in the mechanism of action of MTX and are required for responsiveness to the treatment
[18]. In this context, it has been shown that two ADO receptors, A2A and A3ARs, are
upregulated in lymphocytes from early RA patients or those treated with methotrexate
(MTX) [36]. The authors suggested a correlation between A2A and A3AR expression and
the inflammatory and clinical responses in RA, and that ADO receptor upregulation could
represent a compensatory mechanism to reduce the inflammatory status.

Considering CD39 expression differs in the different subsets of B cells and that a different
response to therapy in RA may result in a different composition of B cells [24, 37-39], we
analyzed CD39 expression within the same subset of B cells before and after treatment and
found a significant increase of CD39 expression in immature B cell subsets. Taking into
account that R-RA patients from our cohort show decreased frequency of immature B cells
[24], it is unlikely that this subset is responsible for the increase in CD39* detected in the
total B cell population. The increase of CD39 expression in the total CD19*CD4"€9CD8"ed
B cells appears to be due to a slight increase in each B cell subset.

The increase of CD39 in B cells correlated with a reduction in disease activity, determined
as DAS28, and in the level of RF, suggesting an association between better patient status
and high CD39 expression. These data indicate that the improvement observed in patients
in response to the therapy could be due to an enhancement of the CD39/ADO pathway. It
has thus been proposed that the frequency of CD39* Tregs could be used as a biomarker of
treatment response to MTX in RA [35].

Macrophages are a prevalent population in the inflamed joint and are one of the

most important contributors of pro-inflammatory cytokines in RA. Under inflammatory
conditions, they acquire a hyper-metabolism state in which the consumption of glucose

and the production of ATP are increased [15, 40, 41]. Therefore, although this study

focused on the role of regulatory B cells on T cell response, it would be interesting to

know if CD73*CD39*B cells can condition macrophage function, considering that ADO
downregulates classical macrophage activation [42]. Since this is a pilot study it would be
interesting to go deeper in the study and include larger number of non-responder RA patients
and evaluate patients with little or moderate response to the treatment. The incorporation of
these patients would allow us to have a general vision of the role of CD39* B cell in RA.
Additionally, could be interesting to determine whether CD39* B cells retain their regulatory
function in the synovium, the primary site of the inflammatory process in RA.

Altogether our results position CD39 expression on B cells as an interesting pathway
deserving deeper study in the context of RA. Considering that the immunoregulatory signal
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mediated by CD39-expressing B cells seems to be conserved in RA patients and enhanced
in the context of good response to conventional treatments, therapies aimed at favoring the
CD39/ADO pathway in B cells, and in other immunoregulatory populations, may help to
improve RA treatments.

Materials and methods

Patients and healthy controls

Sex- and age-matched RA patients and healthy controls (HC) with an age range from 22-83
years were enrolled in this study after written informed consent. The RA patients were
recruited from the Rheumatology Service (Hospital Nacional de Clinicas, HNC) under a
variety of treatment conditions or before receiving treatment (baseline, untreated).

RA patients were diagnosed according to the American College of Rheumatology and the
European League Against Rheumatism (EULAR) classification criteria [43]. The exclusion
criteria include known or suspected ongoing infections or metabolic diseases for RA
patients and any history of autoimmune disease, or treatment with glucocorticoid, or
immunosupressive therapy for HD as reported in our previous study [24]. Some RA patients
treated with less than 7.5 mg/day of glucocorticoid were included. Table 1 describes the
clinical characteristics of the RA patients.

At the time of blood collection, the RA disease activity score (DAS28) was assessed as
described [44]. Response to treatment was defined according to EULAR criteria. The
DAS28 value reached after treatment was used to classify good responder (R) and non-
responder (NR) patients [26, 27].

Peripheral blood was collected from HC, untreated RA patients (without specific therapy)
and RA patients treated with csDMARDs (conventional synthetic disease-modifying
antirheumatic drugs, mainly MTX), anti-TNF +/- csDMARDs (any TNF blocking
biological treatment plus mainly MTX) and TOFA +/- csDMARDs (JAK inhibitor
Tofacitinib plus mainly MTX) [24, 45]. In some patients, samples were taken at baseline and
after 3 months of treatment. The Hospital Nacional de Clinicas ethics committee (CIEIS)
approved the study, which was conducted according to the Declaration of Helsinki on
studies with human subjects.

RF and anti-CCP antibodies determination

Levels of autoantibodies were determined in serum samples. A latex agglutination test was
used to evaluate RF, according to the manufacturer’s instructions, with a cut-off value of
1/20 titer (Artritest, Wiener Laboratories). The anti-CCP antibodies (anti-cyclic citrullinated
peptide) were quantified by ELISA, according to the manufacturer’s instructions, in which
values = 20U/ml were considered positive (Orgentec Diagnostika Gmbh).

Flow cytometry

Single cell suspensions from peripheral blood samples were stained with monoclonal
Antibodies following the procedure previously described by Zacca et al. [24]. We used
different combinations of the following antibodies: FITC anti-CD24 (ML5, BD, diluted
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1/8), PE anti-CD39 (AL, Biolegend, diluted 1/20), FITC anti-human CD4 (13B8.2,
Beckman Coulter, Brea, CA, diluted 1/20), PerCP-Cy5.5 anti-CD19 (HIB19, BD, diluted
1/10), APC/Cy7 anti-CD19 (HIB19, Biolegend, diluted 1/15), APC/Cy7 anti-CD38 (HIT2,
Biolegend, diluted 1/20), PE/Cy7 anti-CD38 (HIT2, BD, diluted 1/25), APC anti-CD73
(AD2, Biolegend, diluted 1/20), PerCP anti-CD8 (diluted 1/20) and APC anti-CD8 (RPA-
T8, eBioscience, diluted 1/50).

For intracellular cytokine staining, cells were stimulated with 50ng/ml PMA (Sigma-
Aldrich) plus ug/ml ionomycin (Sigma-Aldrich) in the presence of Brefeldin A (GolgiPlug,
BD) as we previously described [24]. PMA+ionomycin were used to activate the cells and
induce cytokine secretion, and Brefeldin A to keep the cytokines inside the cells because this
inhibits protein transport.

After stimulus, cells were washed and stained with APC/Cyanine7 anti-human CD19
(HIB19, BioLegend) and APC anti-human CD3 (UCHT-1, BD, diluted 1/20). Subsequently,
cells were washed, fixed and permeabilized using Cytofix/Cytoperm (BD). Cells were
washed with Perm/Wash (BD) and stained with PE/Cyanine? anti-human TNF (MAb11,
BD, diluted 1/100). Cell samples were acquired on a BD FACSCanto Il Flow Cytometer and
analyzed with FlowJo software (version 10). For the analysis of CD73* and CD39" cells on
total B cell population, we performed a gate in CD19* lymphocytes excluding CD4* and
CDS8™ T cells (Supplementary Fig. 6). To define B cell subsets, we evaluated CD24 versus
CD38 markers within a CD19*CD4~CD8™ lymphocyte gate [24].

Cell purification procedures and cell cultures

Peripheral blood mononuclear cells (PBMCs) were obtained by Ficoll-Hypaque, as we
described in Zacca et al. [24]. CD19* B cells, CD4* and CD8* T cells from HC and RA
patients were isolated from PBMCs by positive selection using magnetic beads following
the manufacturer’s instructions (EasySep, Stemcell Technologies, Inc). Freshly isolated B
cells were stimulated with CpG-ODN 2006 (1ug/ml; Invivogen), as we previously reported
[24]. After stimulation, B cells were washed and stained for 30 min at 4°C with PE anti-
CD39 (A1, Biolegend), APC/Cy7 anti-CD19 (HIB19, Biolegend, diluted 1/15) and APC
anti-CD73 (AD2, Biolegend, diluted 1/20).

Autologous CFSE-labelled CD4* or CD8* T cells (0.1x106) stimulated with anti-CD3 (0.5
pg/ml, OKT3, Biolegend) and anti-CD28 (0.25 pg/ml, CD28.2, Biolegend) were co-cultured
in presence or in absence of CpG-activated CD19" B cells and T cell. The anti-CD3/CD28
is an antigen-independent stimulation that expands most T cells since they activate the

TCR complex and co-stimulation, respectively [46]. After 72 h of culture, proliferation was
evaluated as CFSE dilution by flow cytometry. In some experiments, 100uM ectoATPase
inhibitor ARL67156 (Tocris) was added to the culture. Dead cells were excluded using
Fixable Viability Stain 780 (eBioscience, diluted 1/1000), a viability dye that can be used to
irreversibly label dead cells prior to fixation and permeabilization procedures.

Proliferation was calculated considering as 100% the values obtained from T cells
stimulated with anti-CD3/CD28 alone, and the proliferation in the presence of activated
B cells with or without ARL67156 (Tocris) was calculated relative to that 100%.
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Cytokine Quantification

Cytokine concentrations in the supernatants of the co-cultures of activated- B and T cells
were assessed by ELISA using paired antibodies for human TNF and IL-17A (Biolegend,
USA) according to the manufacturer’s instructions.

ATP hydrolysis assay

PBMC from RA patients before and after treatment were incubated with recombinant human
IL-2 (40ng/ml; Gibco) for 3 hours in 12-well plates at 5 x 10° cells/well. Then, B cells were
purified as described above. To test whether CD39 on B cells is a functional E-NTPDase,
purified B cells from RA patients, obtained before or after 3 months of treatment, were
seeded into a 96-well plate at a density of 50000 cells per well in DMEM without phenol
red (Gibco #21063). The hydrolysis of ATP in the culture medium by CD39 was assessed
by a bioluminescent assay. Cells were incubated with 10uM ATP (Sigma-Aldrich A6419) in
culture medium without serum, and the changes in eATP concentrations, after 40 minutes

at 37°C and 5% CO, were measured with an ATP bioluminescent assay kit (Invitrogen
A22066) following manufacturer’s instructions. Cell-free medium with ATP alone was used
as control. Briefly, 10 ul of culture supernatant was incubated with 90 ul of the reaction
buffer in a 96-well plate at 28°C. After 15 minutes, the bioluminescence was measured at
560nm using the BIO TEK microplate spectrophotometer (Bio Tek instruments, Inc.). The
values obtained of each experimental condition were referred to the value from medium
culture alone with ATP, which is considered 100% of ATP.

Statistics

GraphPad Prism version 7 software was used for all the statistical analyses (GraphPad
Software). P values <0.05 were considered significant. To define the distribution of the
datasets we initially performed the D’ Agostino-Pearson normality test. The specific test used
in each experiment is described in each legend of Figures.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Highlights

When compared cross-sectionally, rheumatoid arthritis patients under
different treatments do not differ from each other or from healthy individuals
in terms of the frequency of B cell subsets expressing the ectoenzymes CD39
and/or CD73.

The capacity of B cells to regulate the proliferation and TNF-production of
CD4" T cells mediated by CD39 is not affected in patients with rheumatoid
arthritis.

In a longitudinal analysis, rheumatoid arthritis patients with good response to
therapy exhibited an increase in CD39 expression on B cells after treatment
while most of the non-responders exhibited a reduction in ectoenzyme
expression.

B cells from some good responders increased their CD39 expression after
treatment, which correlated with less DAS28, rheumatoid factor and anti-
cyclic citrullinated peptide antibodies.

J Mol Biol. Author manuscript; available in PMC 2022 August 15.




1duosnuepy Joyiny 1duosnuely Joyiny 1duosnue Joyiny

1duosnue Joyiny

Zaccaetal.

A

CD73

vs)

% cD73*CcD39*

% CD73°CD39"

Rheumatoid Arthritis (RA) Patient

cpz24ahicpas

cp24"cpagint

cpz4aNicpaghi

co1g* cp24icpss”  cp24Mcp3s™  cp24Mcpash
00- rll;
w%-—%&%;g " ‘e’ oo o g”%%g £
6o e T geex = ° <
©o . 0% ° .o
o® T S
40 ° °
F e e T
20 ° o* % °
00
80 eo o
60 ° . .
P o o & % go —_ % = '.# & ¥
° ‘
0{%% 8@% ;#*i?% 00 o © s e o
b - =S
O D P o D o O D &f & P o & o°
FLITE PP I FPFFS P& S
E ¥ & G F & ¥
S & & 9@\9«&\9«!’ & N & o@\pe\.oﬁ
v o & o &
S S S S
& S S S

Figure 1 Zacca et al.

C

cell number

cell number

12000

Rheumatoid Arthritis (RA) Patient

cp1g*

cp24Micpas”

Page 16

coz4Nicpaghi

cp24cpagint

cD39
cp1g* cp2ahicpss  cpzaMcpas™  cp2ahicpagh
5
E Py e dhena M B N .
o, o0 EEE 3,?— °°°_I_Stan$ & o5 %
= e op o v I
38 £ A BKEERAREERS S 8" £ 273 £
"
=
. é 5:
° T | B % |95 L1809 ©
" ° 020 0 - 0%
Frg; 5981 37552 :
C ) ° °®
o o o ° "
oS T
o ® <
O D o of o O D & of o&° 0&09906&%9«
VFEEEE TP P PP E P E S
@ o 7 o7 & aF oF o s \al & oF oF oF
R, R, & o\:\p*:yxr R
& v & & & o & o
S S S S
& N S S

Figure 1. CD39 and CD73 expression on B cell subsets from RA patients and healthy controls
A) Representative dot plot of CD73 versus CD39 expression on total B cells

(gate on lymphocytes CD19*) and different B cell subsets: memory B cells
(CD19*CD24NMCD38" cells), mature B cells (CD19*CD24iMCD38iM cells) and immature
B cells (CD19*CD24MCcD38Ni cells) from untreated RA patients. B) Frequencies of
CD73*CD39* and CD73°CD30* cells in total B cells and memory, mature and immature
B cells in HC (n = 12), untreated (n = 13) or treated RA patients (csSDMARDs, n = 17;
anti-TNF+/- ¢csDMARDS, n = 11; TOFA+/- ¢csDMARDS, n = 7). Data are expressed as
mean +SEM. C) Representative histogram of CD73 or CD39 expression on total B cells
(gate on lymphocytes CD19%) and the different B cell subsets from untreated RA patients
D) Mean fluorescence intensity (MFI) of CD73 or CD39 on total, memory, mature and
immature B cells (gated as mentioned before) from HC (n = 12), untreated (n = 13) or
treated RA patients (csSDMARDs, n = 17; anti-TNF+/- csDMARDS, n = 14; TOFA+/-
¢sDMARDS, n = 7. MFI for immature B cells was determined on CD73* or CD39™ cells.
p<0.05, **p<0.01, ***p<0.001. Kruskal-Wallis test with Dunn’s correction was used.
csDMARDS is indicated as DMARDS.
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Figure 2. CD39-dependent inhibition of T cell proliferation and cytokine production by activated
B cells from HC and untreated RA patients.
A) Histograms and graph show CD39 expression (determined as MFI) on purified CD19+ B

cells from HC or untreated RA patients incubated with medium alone (=) or with CpG+IL-2
(+) for 72 h. B-C) Purified CD19* B cells, CD4* and CD8* T cells were obtained from
PBMC of HC and untreated RA patients. CD19* B cells were stimulated with CpG+IL-2
and then washed and incubated 2:1 with autologous CFSE-labeled CD4* or CD8* T cells
cultured with anti-CD3/anti-CD28 mAb (plate bound) in absence or in presence of CD39
inhibitor (ARL 67156). T cell proliferation and TNF expression were analyzed by flow
cytometry on CD3*CD19™ live cells, after 72 h of culture. Percentage of proliferation and
TNF production on (B) CD4* T cells and (C) CD8* T cells cultured in medium or in
presence of CpG-activated CD19* B cells with or without ARL 67156. Mean + SEM of five
independent experiments. *p<0.05, **p<0.01, ***p<0.001. One-way ANOVA followed by a
Bonferroni’s post-test were used.
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Figure 3. B cells from RA patients increased CD39 expression after good response to treatment.
A) Mean fluorescence intensity (MFI) of CD39 on total B cells (CD19+CD4-CD8-) at

baseline (time 0) and after 3 months (time 3) of treatment in good responder (R) and
non-responder (NR) patients. (R n=9 and NR n=5). B) MFI of CD39 on total B cells

from the same R-RA patient before (0) and after treatment (3) is shown together with ATP
hydrolysis (ATP % in supernatant). C-D) Correlation plots show the relationship between
the delta of mean fluorescence intensity (MFI) of CD39 on B cells, determined as the
difference between the value of MFI after and before treatment (0-3 months) versus (C)
delta of DAS 28 (0-3 months) and (D) delta of the titer of RF (0-3 months). Full and empty
circles represent R and NR patients, respectively. Correlation analysis was performed with
Pearson’s correlation test. p<0.05 was considered statistically significant.
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Demographic and clinical features of RA patients and controls.

Table 1.

Characteristic RA patients Healthy Controls
Age: range years 22-83 31-74

Sex: female/male 53/10 15/3
Treatment: untreated MTX anti-TNF ~ TOFA

CRP: median + QD, mg/I 12+92 60+28 50+32 6.0%45

ESR: median = QD, mm/h 19+ 15 11+7 9+9 21+7

DAS28 ESR: mean + SEM 49+03 34+03 39+03 3404

Anti-CCP: positive/negative 15/5 13/5 10/5 713

RF: positive/negative 15/5 117 10/5 713

Page 19

RA, Rheumatoid arthritis; MTX, methotrexate; TOFA, JAK inhibitor Tofacitinib; CRP, C-reactive protein; ESR, erythrocyte sedimentation rate;

DAS28, disease activity score 28; Anti-CCP, Anti-cyclic citrullinated peptide antibodies; RF, rheumatoid factor.
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