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Summary

The use of biological agents combined with methotrexate (MTX) in rheuma-
toid arthritis (RA) patients has strongly improved disease outcome. In this
study, the effects of abatacept on the size and function of circulating B and T
cells in RA patients not responding to anti-tumour necrosis factor (TNF)-α
have been analysed, with the aim of identifying immunological parameters
helpful to choosing suitable tailored therapies. We analysed the frequency of
peripheral B and T cell subsets, B cell function and T regulatory cell (Treg)
inhibitory function in 20 moderate/severe RA patients, according to the
European League Against Rheumatism (EULAR)/American College of Rheu-
matology (ACR) criteria, primary non-responders to one TNF-α blocking
agent, who received abatacept + MTX. Patients were studied before and 6
months after therapy. We found that abatacept therapy significantly reduced
disease activity score on 44 joints (DAS)/erythrocyte sedimentation rate
(ESR) values without causing severe side effects. The size of the circulating B
and T cell compartments in RA patients was not significantly different from
healthy donors, but B cell proliferation and plasma cell differentiation was
impaired before therapy and restored by abatacept. While Treg cell frequency
was normal, its inhibitory function was absent before therapy and was par-
tially recovered 6 months after abatacept. B and Treg cell function is impaired
in RA patients not responding to the first anti-TNF-α agent. Abatacept
therapy was able to rescue immune function and led to an effective and safe
clinical outcome, suggesting that RA patients, in whom anti-TNF-α failed,
are immunologically prone to benefit from an agent targeting a different
pathway.
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Introduction

Rheumatoid arthritis (RA) is an inflammatory autoimmune
disease of unknown aetiology, potentially leading to pro-
gressive joint destruction, functional disability and extra-
articular manifestations [1,2].

Although not fully understood, the general consensus is
that CD4 T cell activation by an unidentified agent represents
one of the first inducers of RA. T cell activation subsequently
leads to macrophage and B cell activation with cytokine
production and chemokine release, resulting in inflam-
mation, joint damage and autoantibody production. As
co-stimulation is a prerequisite for T cell activation, blockade

of the co-stimulatory signalling pathway may represent a
potential therapeutic target. The most studied T cell
co-stimulator is the CD28 molecule, widely expressed by all T
cells in the mouse and in normal non-activated human T
cells [3]. CD28 binds to CD80 and CD86, which are constitu-
tively present on antigen-presenting cells (APCs) [4,5].
CD80/CD86 molecules are also present on activated B cells,
such as in tonsils, but they are poorly expressed on resting B
cells [6]. In addition to the co-stimulatory role for T cell acti-
vation, the expression of these molecules on B cells interferes
with the B cell responses to interleukin 4 (IL-4) + CD40L
stimulation and to the regulation of immunoglobulin (Ig)E
synthesis [7]. Upon activation, T cells express a molecule
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called cytotoxic T lymphocyte antigen 4 (CTLA-4, also
known as CD152) that competes with CD28 for the binding
to CD80 and CD86, thus playing a role as a T cell co-stimulus
inhibitor [8,9]. Because the affinity of the CD80/CD86 recep-
tors is higher for CTLA-4 than for CD28, impairment of T
cell activation can be achieved by using a soluble CTLA-4
engineered molecule. Abatacept is a dimeric fusion protein
composed of the human CTLA-4 extracellular domain and a
human FcIgG1, creating a soluble receptor able to bind with
high-affinity CD80/CD86 molecules [10]. Abatacept was
developed to block T cell activation by interfering with the
co-stimulation signals delivered through APCs, but this mol-
ecule may also modulate the APC function. Bonelli et al. have
shown recently that monocytes isolated from RA patients
treated with abatacept showed a reduced capacity of adher-
ence to endothelial cells and of transendothelial migration,
thus rendering monocytes unable to penetrate the synovial
tissue [11]. CTLA-4-Ig is also able to promote immunosup-
pressive activity of dendritic cells (DCs) by modulating
cytokine production and by keeping the oxidant/anti-oxidant
balance crucial for DC function [12]. Besides APCs, T cell
activation is controlled by a special T cell subset, the regula-
tory T cells (Tregs) that play a pivotal role in the modulation of
the immune responses and in the maintenance of peripheral
tolerance. First identified in the mouse in the middle of the
1990s, Tregs [13] fast became the target of a large number of
studies involving immunological diseases in humans [14,15].
Alterations in Treg numbers and/or function have been
reported in patients affected by autoimmune diseases, includ-
ing RA. Treg cells constitutively express CTLA-4; CTLA-4 is a
target gene of forkhead box protein 3 (FoxP3) [16], a tran-
scription factor necessary to generate Tregs from naive T cells.
The absence of FoxP3 leads to immunodysregulation,
polyendocrinopathy, enteropathy and X-linked (IPEX) syn-
drome, whereas the loss of CTLA-4 on Tregs results in the
failure of cell-mediated suppressive function [17].

Because CTLA-4-Ig impairs T cell activation and indi-
rectly alters the ability of T cells to provide help to B cells
during the immune response, it becomes crucial to analyse
B cell subsets and their function in the course of abatacept
therapy. In the adult, B cells are generated in the bone
marrow and migrate to the periphery at the transitional B
cell stage, when they are still short-lived and functionally
immature. Transitional B cells are transported by the blood-
stream to the spleen, where they develop into mature B
cells. Mature B cells generate switched memory B cells and
antibody-producing cells after they have been stimulated,
expanded and selected in the germinal centres in the pres-
ence of T cell help [18].

Tumour necrosis factor (TNF)-α blocking agents repre-
sent the first biological therapy approved for RA, and are
currently the most used molecules. Although TNF-α block-
ing agents are generally well tolerated and show good effi-
cacy in patients with RA, up to 40% of the patients may not
respond to therapy for lack of efficacy, development of

resistance or treatment-related adverse events [19], thus
several other biological agents have been introduced.
However, this growing availability of therapeutic weapons
for RA patients is not supported by head-to-head trials or
validated clinical/immunological predictive markers that
can help the clinicians in the adoption of a ‘targeted
therapy’, in particular in patients who respond inadequately
to the first biological agent.

To evaluate if RA patients would benefit from changing
the biological drug targeting a different activation pathway,
we analysed the effects of abatacept therapy on the fre-
quency and function of circulating B cell subsets in RA
patients who did not respond to anti-TNF-α therapy. We
also investigated the T cell compartment and the Treg sup-
pressive capacity.

Material and methods

Patients and healthy donors

Twenty-five moderate to severe RA patients, according to
the European League Against Rheumatism (EULAR)/
American College of Rheumatology (ACR) classification
criteria [20], of whom 20 primary non-responders to one
TNF-α blocking agent and five naive for this therapy were
recruited between 2010 and 2012 at the Division of Immu-
nology and Rheumatology, S. Andrea Hospital, Sapienza
University of Rome. All the patients agreed to participate
according to the ethical guidelines of the 1975 Declaration
of Helsinki. The study was approved by the local ethical
committee. Twenty-five age- and sex-matched healthy
blood donors (HDs) (Blood Transfusion Unit, Ospedale
Pediatrico Bambino Gesù, Rome) were used as controls.

All patients received 10 mg/kg/body weight (bw) of
abatacept (ORENCIA®; Bristol-Meyers Squibb, Princeton,
NJ, USA) intravenously (i.v.), in addition to methotrexate
(MTX) 10 mg/week i.v./subcutaneously (s.c). Disease activ-
ity score on 44 joints (DAS), erythrocyte sedimentation rate
(ESR), C-reactive protein (CRP), RF (rheumatoid factor)
and adverse events were assessed before initiating abatacept
therapy (pre) and 6 months after (post). Patients’ clinical
information is described in Table 1.

Cell isolation and flow cytometry analysis

Heparinized peripheral blood mononuclear cells (PBMCs)
were isolated by FicollPaque™ Plus (Amersham Pharmacia
Biotech, Uppsala, Sweden) density-gradient centrifugation,
counted and used for cell culture (see below) or stained with
the appropriate combination of labelled antibodies and ana-
lysed by flow cytometry, as described previously [21]. Dead
cells were excluded from analysis by side-/forward-scatter
gating. All analyses were performed on a fluorescence-
activated cell sorter (FACS)Canto (BD Biosciences, San
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Diego, CA, USA) interfaced to PC FACSDiva software. One
hundred thousand events per sample were analysed.

B cell proliferation and plasma cell differentiation

Mononuclear cells were labelled with 5-
chloromethylfluorescein diacetate at the final concentration
of 0·1 μg/ml (CellTracker CMFDA; Molecular Probes,
Eugene, OR, USA) and cultured at 2–3 × 105 cells per well in
96-well plates with RPMI-1640 (Gibco BRL, Life Technolo-
gies, Carlsbad, CA, USA), 10% heat inactivated fetal bovine
serum (FBS; Hyclone Laboratories, Logan, UT, USA), 2%
l-glutamine (Gibco BRL), 5 × 10−5M 2-β-mercaptoethanol
(Sigma, St Louis, MO, USA) and 20 mg/ml gentamycin
(Gibco BRL), supplemented or not with 2·5 μg/ml cytosine–
phosphate–guanosine (CpG)-oligodeoxynucleotide (ODN)
(Hycult Biotechnology, Uden, the Netherlands) and CTLA-
4-Ig (125 mg/ml, abatacept, Orencia®; Bristol-Meyers
Squibb) diluted 1:1000. Cell proliferation and phenotypical
analysis were performed by flow cytometry using a
FACSCalibur Flow Cytometer (BD Biosciences) on day 7
[22].

Flow cytometry analysis

After 7-day culture, cells were collected and stained with the
appropriate combination of labelled antibodies: monoclo-

nal clone HIB19 (anti-CD19), clone M-T271 (anti-CD27),
clone HIT2 (anti-CD38), clone UCHT1 (anti-CD3), clone
B1·49·9 (anti-CD25), clone HIT8a (anti-CD8), clone
RPA-T4 (anti-CD4), clone HIL-7R-M21 (anti-CD127) and
clone FN50 (anti-CD69) were obtained from BD
Biosciences and anti-IgM Fc5μ fragment-specific (Jackson
ImmunoResearch Laboratories, West Grove, PA, USA). All
analyses were performed on a FACSCanto (BD Biosciences)
interfaced to PC FACSDiva software. One hundred thou-
sand live cells per sample were analysed.

Cell sorting

PBMCs from RA patients and HDs were isolated from
heparinized peripheral blood by Ficoll-PaqueTM Plus
(Amersham Biosciences, Little Chalfont, UK) by density-
gradient centrifugation and stained with the following
antibodies: clone UCHT1 (anti-CD3), clone B1·49·9
(anti-CD25), clone HIT8a (anti-CD8) and clone RPA-T4
(anti-CD4), all purchased from BD Biosciences. Cells were
sorted as follows: CD4+ T cells and CD4+ T cells without
CD4+CD25+ Treg cells using a FACSvantage SE (BD
Biosciences). Cell purity was > 98%.

T cell proliferation

Two hundred thousand purified CD4+ T cells and sorted
CD4+ T cells without CD4+CD25+ Treg cells were stimulated

Table 1. Clinical, serological and demographic data of the 20 rheumatoid arthritis (RA) patients before (pre) and 6 months after abatacept therapy

(post).

Patients

Age

(years)

Disease

duration (years)

Previous

therapy

ESRa (mm/h) CRP (mg/l) DASb

Pre Post Pre Post Pre Post

1 30 2 IFX 11 9 0·5 1 3·8 2·4

2 42 14 ADA 21 9 17 3 3·9 2

3 54 7 ETN 13 25 5·2 1·1 3·8 1·2

4 70 20·5 ETN 17 13 6 5 3·6 3

5 71 5 ADA 35 16 1·5 5 4·6 2·8

6 68 7 IFX 26 18 5 3 4·6 2·8

7 56 10 GOL 8 6 3 3 4 3·2

8 68 11 ETN 46 27 12 7 5·4 3·7

9 65 20 ADA 40 58 20 22 5 3·3

10 55 8 ETN 81 6 1·2 3 3·3 3·2

11 62 16 IFX 52 7 40 5 4 3·6

12 72 8 ETN 6 24 0 0 3·7 2·4

13 61 13 ETN 57 52 11 6 4·5 4·6

14 60 6 IFX 28 20 3 3 4·9 4·2

15 57 4 ADA 22 12 19 6 3·1 3

16 61 20 IFX 15 30 2 17 3·9 3·3

17 47 8·5 ADA 40 15 6 0·4 4·4 4·3

18 49 2 GOL 54 24 22 2 3·7 3·1

19 60 8 ETN 40 – 12 – 4 –

20 52 6 ADA 28 – 8 – 3·7 –

Mean 58 9·8 32 20·6 9·7 5·1 4·1 3

s.d. 10·1 5·4 18·5 13·8 9·4 5·3 0·5 0·8

aP = 0·05 [mean erythrocyte sedimentation rate (ESR) pre versus post]. bP < 0·001[mean disease activity score on 44 joints (DAS) pre versus post].

ADA = adalimumab; CRP = C-reactive protein; Etn = etanercept; GOL = golimumab; IFX = infliximab; s.d. = standard deviation.
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with anti-CD3/CD28 beads (Invitrogen, Life Technologies,
Carlsbad, CA, USA) at the ratio of 50 cells : one bead in
RPMI-1640 medium (Gibco BRL) supplemented with 10%
fetal calf serum (FCS; Gibco BRL) for 5 days. Cell prolifera-
tion was analysed using the Delfia® cell proliferation kit
(Perkin Elmer Life Sciences, Turku, Finland), according to
the manufacturer’s instructions. Briefly, on the fourth day
of culture cells were incubated with bromodeoxyuridine
(BrdU) for 20 h, then fixed and denatured. After removal of
the fixing solution, cells were incubated for 2 h with Euro-
pium (Eu)-labelled anti-BrdU antibody under agitation.
Delfia inducer was added to the wells and Eu-fluorescence
was measured in a time-resolved fluorometer2100
EnVision™ Multilabel Reader (PerkinElmer Life Sciences).

Statistical analysis

Data were analysed using StatView statistical program for
MacIntosh (StatView Software, San Diego, CA, USA) and
P-values were determined with the paired Student’s
-test. P-values < 0·05 were considered to be statistically
significant.

Results

Clinical improvement after Aabatacept (CTLA-4-Ig)
therapy

Twenty patients with moderate to severe RA, despite previ-
ous anti-TNF-α therapy, were enrolled and abatacept
10 mg/kg/bw plus MTX 10 mg/week introduced as thera-
peutic regimen. Two patients were lost at follow-up for
reasons unrelated to therapy. Five patients with moderate to
severe RA naive for anti-TNF-α therapy were also enrolled.
Before starting abatacept therapy (pre), 16 of 20 (80%)
of the patients presented severe disease with DAS > 3·7
and four of 20 (20%) showed moderate disease
(2·4 < DAS ≤ 3·7). Six months after abatacept therapy (post)
patients showed a significant reduction in disease activity
(mean DAS 4·1 versus 3; P < 0·001) (Table 1); in particular,
10 of 18 patients showed a good or moderate clinical
response, with four patients reaching clinical remission/low
disease activity, according to the EULAR criteria (Fig. 1). A
significant reduction in ESR from pre to post was also
observed. Regarding safety, patients reported eight minor
infections (two cystitis, two herpes simplex and four upper
respiratory infections that did not compromise the course
of the therapeutic programme with CTLA-4-Ig, resolved
with a conventional antibiotic therapy); no major adverse
events were reported.

Effects of abatacept (CTLA-4-Ig) on the frequency of B
cell subsets and B cell function

Using flow cytometry, we first analysed peripheral blood
mononuclear cells (PBMCs) isolated from RA patients before

(pre) and 6 months after (post) CTLA-4-Ig therapy and
stained for CD19, CD24, CD38, CD27, IgM and IgD. Fre-
quency of B cells (CD19pos), as well as transitional (CD24bright

CD38brightCD27negIgMposIgDpos), mature (CD24posCD38pos

CD27negIgMposIgDpos) and memory (CD24brightCD38neg

CD27pos) B cell subsets [18], was measured in patients and
HDs. The size of the B cell compartments in RA patients
before and after therapy was not significantly different
(Fig. 2a and Supporting information, Table S1). Although a
reduction in the frequency of RA patient B cells (mainly
memory B cells) at both time-points, compared to HDs, was
found, the difference was not statistically significant.

We have shown previously that B cells express Toll-like
receptor (TLR)-9 and that CpG induces TLR-9-dependent
B cell proliferation and antibody secretion [22]; thus, CpG
stimulation is a good tool to measure, in vitro, the capacity
of B cells to proliferate, differentiate and generate antibody-
secreting cells. In healthy adults, stimulation of peripheral
blood lymphocytes with CpG induces cell division in
48·5–70% of CD19pos cells; furthermore, upon TLR-9
stimulation memory B cells differentiate into plasma cells
by up-regulating CD27 and CD38 molecules and by down-
modulating CD19.

In order to study the effects of CTLA-4-Ig therapy on the
function of B cells, we stimulated PBMCs isolated from RA

Pre
CTLA-4lg

Post
CTLA-4lg

Moderate
20%

Severe
80%

Severe
22%

Remission
20%

Moderate
56%

Fig. 1. Pie diagrams indicate the distribution of disease activity

according to European League Against Rheumatism (EULAR) criteria

in rheumatoid arthritis (RA) patients before and 6 months after

therapy with abatacept [cytotoxic T lymphocyte antigen

4-immunoglobulin (Ig) [CTLA-4-Ig]. Severe disease is represented in

black, moderate disease in grey and remission or low disease in light

grey.
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patients before and after therapy with CpG and measured B
cell proliferation, plasma cell generation and Ig production.
Cells were cultured for 7 days in the presence or absence of
CpG, after which they were collected and analysed by flow
cytometry for the expression of CMFDA, CD19, CD27 and
IgM. Concentrations of IgA, IgG and IgM were measured in
culture supernatants by enzyme-linked immunosorbent
assay (ELISA). We found that, before therapy, B cells from
RA patients, in the absence of CpG stimulus, were lost after
7 days in culture compared to HDs and RA patients after
therapy (Fig. 2c, left panel and data not shown). Moreover,
the response to CpG in terms of B cell proliferation and
plasma cell generation was impaired in RA patients before
initiating CTLA-4-Ig therapy (Fig. 2b). In fact, the fre-
quency of CD19pos B cells showing low expression of
CMFDA was, on average, 20·4% (Fig. 2b) and the Ig con-

centrations in the culture supernatants were very low (Sup-
porting information, Fig. S1). After 6 months of CTLA-4-Ig
therapy B cell proliferation increased significantly and
reached similar HD levels (Fig. 2b,c, P = 0·03), thus suggest-
ing that abatacept helped to restore B cell function in the
group of RA patients.

We then asked the question of whether CTLA-4-Ig could
interfere with the in-vitro B cell response to CpG stimula-
tion. Therefore, we isolated PBMCs from HDs and stimu-
lated them for 7 days with CpG in the presence or absence
of abatacept. We found that CTLA-4-Ig alone did not
induce proliferation; instead it promoted B cell survival in
the culture conditions deprived of CpG (Fig. 3a). In
CpG + CTLA-4-Ig-stimulated cultures, B cells proliferated,
generated plasma cells and produced all Ig classes, as in the
cultures stimulated with only CpG (Fig. 3b).
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Fig. 2. B cell subset analysis and B cell response

to cytosine–phosphate–guanosine (CpG) in

rheumatoid arthritis (RA) patients before and 6

months after treatment with abatacept. (a)

Dot-plot shows a representative example of

CD24 versus CD38 staining of peripheral blood

lymphocytes (PBLs) from a healthy control

(HD) and an RA patient before (pre) and after

therapy (post), regions indicate: memory

(mem), mature (mat) and transitional (trans) B

cells and values correspond to the frequency of

each B cell subset inside CD19pos cells. (b) PBLs

pre-labelled with 5-chloromethylfluorescein

diacetate (CMFDA) were stimulated with CpG

for 7 days and analysed for B cell proliferation

(upper panels) and plasma cell differentiation

(lower panels). Values in the upper panel

quadrants correspond to the frequency of

proliferating and non-proliferating CD19pos

cells. In lower panels the frequency of switched

and immunoglobulin (Ig)M antibody secreting

cells are indicated. (c) Box-plot graphs represent

the median (solid line), interquartile ranges

(boxes) and minimum and maximum

non-outlier frequency values (whiskers) of

proliferating CD19pos cells after culture without

(RPMI) or with CpG. P-values are indicated

when statistically differences were found

between the two groups.
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During the course of the study, the use of abatacept has
been extended to patients with moderate/severe RA disease
not yet treated with anti-TNF-α agents. Therefore, in five
RA patients fulfilling these requirements we studied B cell
proliferation before and after starting abatacept therapy.
The patients’ total PBMCs were stimulated with CpG and
analysed as described previously. For both time-points and
for all RA patients we found that 7 days after CpG stimula-
tion the frequency of CD19posCMFDAlow was equivalent to
the frequency of proliferating B cells observed in HDs (fre-
quency of CD19posCMFDAlow before abatacept was
49·12 ± 16·6% and was 50·4 ± 14·46% 6 months after,
HDs = 54·1 ± 11·3%; Supporting information, Fig. S2). This
result suggests strongly that, in a situation in which the B
cell function is not compromised, abatacept therapy does
not interfere with it.

B cell activating factor (BAFF) is one of the B cell survival
factors [23] often found increased in the serum of RA
patients [24,25]. We also measured serum concentration of
BAFF before and 6 months after abatacept in our cohort of
RA patients. We found no significant difference between the
serum concentration of BAFF from RA and HDs. Moreover,
for each RA patient we observed that therapy with CTLA-
4-Ig induced a reduction in the serum concentration of
BAFF; differences were insufficient to reach significance
(Supporting information, Fig. S3, P = 0·08).

Effects of CTLA-4-Ig on the frequency of T cell subsets
and regulatory T cell inhibitory function

Although the main aim for the use of CLTA-4-Ig in RA is to
limit APC-induced T cell activation [26,27], few studies
have addressed the impact of such therapy on the number
and function of T cells in humans [28–31]. We analysed the
peripheral blood T cell compartments in the group of RA
patients before and after CTLA-4-Ig therapy. PBMCs were
stained for CD3, CD4, CD25, CD45RO, CD69 and CD127
and analysed by flow cytometry. The frequency of T
(CD3pos), naive/memory (CD3posCD45ROpos) (Fig. 4a), CD4
and CD8 T cells and Treg cells (CD4pos CD25posCD69neg

CD127low) (Fig. 4b) was calculated and the results are shown
in Supporting information, Table S2. We found that the fre-
quency of both CD4 and CD8 T cells were significantly
lower in RA patients compared to HD, but the size of the T
cell subset before and 6 months after abatacept therapy does
not change significantly in RA patients (Supporting infor-
mation, Table S2 [29]). Previous reports have shown that
not all RA patients have a reduced Treg cell compartment
[32,33]; often the number of Treg cells is normal, but cells
have lost their suppressive capacity, meaning that they are
unable to inhibit T cell proliferation. One of the therapeutic
strategies able to rescue Treg function correlated with clinical
improvement in RA patients is the block of the TNF-α sig-
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nalling pathway by anti-TNF-α blocking agents [34,35]. In
our study group, anti-TNF-α therapy failed, and even if the
size of the Treg compartment was normal we could not
establish if Treg cells were functional. Thus, we asked the fol-
lowing questions: first, whether Treg cells isolated from RA
peripheral blood before CTLA-4-Ig therapy were able to
block T cell proliferation; and secondly, whether abatacept
would be able to modulate Treg function. In order to study
the suppressive function of Tregs in small samples of periph-
eral blood, namely from patients, we decided to set up the
following experimental strategy, taking advantage of the
fact that in physiological conditions a low number of Treg

cells are able to modulate T cell proliferation. We purified
CD4pos T cells and CD4 depleted of CD25posCD4pos T cells
(Fig. 5a) and compared CD4 proliferation in response to
anti-CD3/anti-CD28 stimulation. As expected, the presence
of Tregs limited CD4 proliferation upon stimulation with
anti-CD3/anti-CD28; conversely, in the absence of
CD25posCD4pos T cells, CD4 proliferation was significantly
higher than in the cultures of total CD4 cells (Fig. 5b).

We then purified CD4pos T cells and CD4pos without
CD25posCD4pos T cells from PBMCs of RA patients before
and after abatacept therapy and analysed T cell proliferation
upon stimulation with anti-CD3/anti-CD28 beads. We
found that before therapy CD4pos T cells proliferated simi-
larly in the presence or absence of Treg cells, suggesting that
Tregs from RA patients were unable to inhibit CD4 helper
cell proliferation (Fig. 5c). Although not statistically differ-
ent, 6 months after abatacept therapy stimulation with anti-
CD3/anti-CD28 beads induced a higher proliferation in the
cultures depleted of CD4posCD25pos T cells than in cultures
of total CD4pos T cells (Fig. 5d, P = 0·1). In conclusion, RA
patients, not responding to anti-TNF-α agents, reacquired
Treg inhibitory capacity after abatacept.

Discussion

Significant progress in understanding the molecular path-
ways involved in the pathogenesis and progression of RA
disease allowed the identification of potential targets for
therapeutic intervention using biological disease-modifying
anti-rheumatic drugs (DMARDs). Historically, the first
approved biological drug to be used in RA patients was
anti-TNF-α, which has been demonstrated to have an effec-
tive and safety profile [36–38]. However, 40% of RA
patients presented either primary/secondary therapeutic
failure or developed adverse events to the drug, raising the
need for the introduction of other therapeutic tools [19].
Among the biological drugs used in RA anti-CD20 chimeric
monoclonal antibody (mAb) (rituximab) [39] that specifi-
cally targets B cells, thus inducing their death, humanized
anti-human IL-6 receptor mAb (tocilizumab) [40], which
hinders IL-6 from exerting its proinflammatory effects and
CTLA-4-Ig (abatacept) that functions as an inhibitor of T
cell activation [10] are available. Abatacept was first
approved in 2005 by the Food and Drug Administration
(FDA) [41] for its use in moderate–severe RA patients with
active disease who had inadequate response to TNF-α
antagonists. More recently, due to its good safety profile,
abatacept therapy has also been extended to RA patients
naive to anti-TNF-α agents. The efficacy of abatacept in
reducing clinical signs of disease and decreasing disease
symptoms has been demonstrated in at least six independ-
ent clinical trials and, by their extension phases, these
studies enrolled more than 4000 patients [26]. Currently,
RA management aims at ‘true remission’ by controlling
disease activity and by blocking the progressive joint
destruction through the use of combined therapies of bio-
logical agents plus methotrexate, possibly at early disease
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stages [42]. However, as a consequence of the lack of head-
to-head trials and of good predictive markers, there is no
general consensus on the best strategy to be adopted in
patients who respond inadequately to the first biological
agent. Thus, the therapeutic decision often appears to be
more empirical than individually patient-driven.

In the present work we looked for the biological rationale
for the use of abatacept in RA patients unresponsive to anti-
TNF-α therapy, by performing a pilot study in which the
effects of CTLA-4-Ig therapy on the size and function of B
cells and Treg cells of RA patients naive or not responding to
anti-TNF-α therapy were analysed.

From a clinical viewpoint, our results confirm previous
reports by the Abatacept Trial in Treatment of Antitumour
necrosis factor IN adequate responders (ATTAIN), which
demonstrated a good safety and efficacy profile of abatacept
therapy in these patients [26]. In fact, 6 months after
abatacept treatment a significant reduction in disease activ-
ity was observed, with four patients reaching remission/low
activity; no severe adverse events were reported.

The overall disease activity improvement observed in our
RA patients can reflect a generalized reduction of the sys-
temic inflammation (ESR from 32 to 20, P = 0·05). It is
known that activation of DCs can be dampened by CTLA-4;
both CTLA-4 expressed by Tregs and CTLA-4-Ig induce
indoleamine 2,3-dioxygenase (IDO) expression on DCs,
giving them regulatory and tolerogenic functions [43,44].
Moreover, CTLA-4-Ig alters cytokine secretion by T helper
cells, contributing to reduce inflammation [29].

Before abatacept therapy RA patients presented a
normal-sized B compartment, but B cell proliferation in
response to CpG stimulation was impaired. In addition, we
found that Tregs were unable to inhibit T cell proliferation
after CD3/CD28 stimulation.

Considering that these patients had previously been
treated with anti-TNF-α agents and that TNF-α is known
to be an autocrine/paracrine factor for B cell proliferation,
we investigated whether the defects on B cell proliferation
could be attributed to the anti-TNF-α therapy. We meas-
ured the B cell proliferation response to CpG in five RA
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Fig. 5. Inhibitory function of regulatory T cells
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CD4posCD25pos cells were purified by cell

sorting. (b) CD4 T cell proliferation was
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(HD) PBMCs. (c,d) T cell proliferation in the
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Statistical significance was determined by the

t-test and P-value is indicated.
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patients naive to TNF-α agents and found no difference on
B cell function compared to HDs.

We found that in anti-TNF-α-naive patients, before start-
ing abatacept, both B cell proliferation and differentiation
to plasma cells were significantly higher than in the patients
treated previously with anti-TNF-α. Because B cell function
in RA patients naive to TNF-α inhibitors was not impaired,
it is important to note that no further increase in B cell pro-
liferation and differentiation was observed after abatacept
therapy.

It has been reported previously that B cell activation with
anti-Ig + anti-CD40 and IL-4 induces an increase in TNF-α
expression on B cells and subsequent proliferation [45].
Proliferation can be blocked, in vitro, by adding monoclonal
antibodies against TNF-α and can be increased by adding
exogenous TNF-α. Duddy et al. showed that TNF-α secre-
tion by B cells depends upon the type and strength of
stimulatory signals [46]. TNF-α is essential for lymphoid
microarchitecture; in fact, TNF-α knock-out mice com-
pletely lack primary follicles in the spleen and cannot form
germinal centres upon T cell-dependent immunization
[47]. The in-vivo effect of blocking the TNF-α signalling
pathway in humans has been demonstrated recently by
Anolik et al., who showed impairment in B cell function
(via effects on FDCs) in RA patients treated with anti
TNF-α agents [48].

As mentioned previously, the management of systemic
autoimmune diseases such as RA still represents a challenge,
considering that it is difficult to achieve and maintain the
appropriate immunosuppression effective in the control of
autoimmune reactions/inflammation by preserving, in the
meantime, the level of immune response necessary to fight
infection. Although B cells clearly play an important role in
RA pathogenesis, the rescue of normal B cell function in a
context of low inflammation and T cell activation by the use
of CTLA-4-Ig therapy may offer a good safety profile without
compromising immune reactions against pathogens [49].

In agreement with Gonzales et al., we observed a reduc-
tion in Treg function and its partial rescue after abatacept
[50]. Tregs play a pivotal role in the modulation of immune
responses, in particular in the maintenance of peripheral
tolerance. Alterations in the Treg frequency and/or function
have been reported in patients affected by autoimmune dis-
eases such as multiple sclerosis and systemic lupus
erythematosus [14,15]; in RA patients a functional defect of
Tregs has been described. The loss of Treg function in RA
patients can be rescued by anti-TNF-α therapy in those
responding clinically to infliximab [35]. This apparent con-
tradiction with our results can be explained by the fact that
we analysed only patients not responding to anti-TNF-α
agents.

In conclusion, our results indicate that RA patients not
responding to the first anti-TNF-α agent presents an
impairment of B cell and Treg function that can be restored
by abatacept. If confirmed by larger studies, these data may

help in the selection of a tailored therapy, suggesting that
RA patients responding inadequately to anti-TNF-α inhibi-
tors are immunologically prone to benefit from a biological
agent with a different mechanism of action.
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Additional Supporting information may be found in the
online version of this article at the publisher’s web-site:

Fig. S1. Immunoglobulin (Ig)A/G/M concentration (μg/
ml) in culture supernatants. Peripheral blood mononuclear
cells (PBMCs) from rheumatoid arthritis (RA) patients
before (pre) and 6 months after cytotoxic T lymphocyte
antigen 4 (CTLA-4)-Ig therapy were stimulated with
cytosine–phosphate–guanosine (CpG) for 7 days and Igs
tested by enzyme-linled immunosorbent assay (ELISA).
Dots correspond to single RA patients and the bar to the
mean concentration of IgA, IgG and IgM detected in the
supernatants of CpG-stimulated PBMCs from healthy
donors (HD) (n = 20).
Fig. S2. B cell response to CpG of peripheral blood lym-
phocytes (PBLs) isolated from anti-tumour necrosis factor

(TNF)-α-naive rheumatoid arthritis (RA) patients before
(pre) and 6 months after (post) cytotoxic T lymphocyte
antigen 4 (CTLA-4)-immunoglobulin (Ig) therapy. Periph-
eral blood mononuclear cells (PBMCs) were pre-labelled
with 5-chloromethylfluorescein diacetate (CMFDA), stimu-
lated for 7 days with CpG and analysed by flow cytometry
for the expression of CD19, CD27 and IgM. Graph repre-
sents the frequency of proliferating CD19pos cells
(CMFDAlow B cells) in five patients (patients1–5, single
symbols) and the bar indicates the mean.
Fig. S3. Serum concentration of B cell activating factor
(BAFF) (pg/ml) in rheumatoid arthritis (RA) patients
before (pre) and 6 months after (post) cytotoxic T lympho-
cyte antigen 4 (CTLA-4)-immunoglobulin (Ig) therapy.
Box-plots indicate the median (solid line), interquartile
ranges (boxes) and minimum and maximum non-outlier
values (whiskers). Statistical significance was determined by
the t-test and P-value is indicated.
Table S1. Frequency of peripheral blood B cell subsets of
patients with rheumatoid arthritis (RA) before (pre) and 6
months after (post) cytotoxic T lymphocyte antigen 4
(CTLA-4)-immunoglobulin (Ig) therapy and in healthy
controls (HD). B cell subsets were analysed by flow
cytometry, values represent the mean ± standard deviation
(n = 20).
Table S2. Frequency of peripheral blood T cell subsets
present in rheumatoid arthritis (RA) patients before (pre)
and 6 months after (post) cytotoxic T lymphocyte antigen 4
(CTLA-4)-immunoglobulin (Ig) therapy and in healthy
controls (HD, n = 20). T cell subsets were analysed by flow
cytometry; values represent the mean ± standard deviation.
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