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Abstract
Objective
Abatacept (ABA), a molecule used in the treatment of rheumatoid arthritis (RA), competes with the engagement of
CD28, a T-cell receptor for co-stimulatory signals. CD28-mediated signalling regulates several T-cell functions, including
inflammatory cytokine production and regulatory T cells (Treg) differentiation. Therefore, our objective was to evaluate the
effects of ABA on peripheral blood T-lymphocyte cytokine production and on the number of circulating Treg.

Methods
In 24 RA patients treated with ABA for at least 6 months the proportions and absolute numbers of peripheral blood T cells
producing interferon-gamma (IFN-y) and interleukin-17 (IL-17) after in vitro stimulation, as well as those of Treg were
longitudinally evaluated by flow cytometry.

Results
At baseline, compared with 16 healthy controls, RA patients had a higher percentage of CD4* and CD8+ T cells
producing IL-17 (p=0.021, and p=0.006, respectively), as well as of circulating Treg (p=0.041). After 6 months of therapy
with ABA, there was a decrease of the percentage of IFN-y- and IL-17-producing CDS8* T cells (p=0.033 and p=0.035,
respectively), and of Treg (p=0.008), while that of IL-17-producing CD4+ T cells decreased after 12 months of treatment
(p=0.005). The number of IL-17-producing T cells and of Treg, higher than in controls at baseline, normalised after ABA
therapy. All these variations were statistically significant only in RA patients with EULAR good clinical response (n=17).

Conclusions
The blockade of CD28 signal caused by ABA induces the decrease in peripheral blood of IL-17- and IFN-y-producing T cells.
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Introduction

Co-stimulation is a mandatory process
for efficacious lymphocyte activation.
The most important co-stimulatory sig-
nal for T cell is delivered by CD28, a
surface molecule expressed in physi-
ological conditions by almost all CD4*
and more than 50% of CD8* T cells (1).
After its interaction with CD80 and/or
CD86, expressed on antigen presenting
cells, different functional properties of
T lymphocytes are enhanced, including
production of cytokines, in particular
interferon-gamma (IFN-vy) and interleu-
kin-17 (IL-17) (2, 3). At the end of co-
stimulatory process, the up-regulation
of cytotoxic T lymphocytes antigen-4
(CTLA-4,CD152) on T-cell membrane,
through its competition with CD28 for
CD80-CDS86 ligation, allows adaptive
immune response switching off.
Abatacept (ABA) is a CTLA-4-Ig fu-
sion molecule efficacious in rheuma-
toid arthritis (RA) treatment. Several
possible mechanism of action of ABA
have been proposed, including the
modulation of B lymphocytes, dendritic
cells, endothelial cells, and osteoclasts,
but the extent of their contribution to
the drug efficacy is still undetermined
(4-6). The reduced production of pro-
inflammatory cytokines, in particular of
IFN-v, by synovial macrophages is one
of the most interesting effects on the
immune response exerted by ABA (7-
9). Accordingly, decreased serum levels
of IFN-y have been described in RA pa-
tients treated with ABA (6). Many of the
biological actions of ABA are likely to
be an indirect consequence of the block-
ade of the CD28 T-cell co-stimulatory
signals necessary for the full activation
of these cells. In fact, data from the RA
synovium - SCID mouse model suggest
that ABA does not act directly on the
synovium, but more likely by prevent-
ing T-cell activation at a systemic level
(10). However, not much is known on
the modulatory effect of ABA on T-cell
functions. In previous studies (11, 12),
we demonstrated that, in RA patients,
ABA may reduce the number of circu-
lating CD4* and CD8*CD28"¢ T cells,
an effector and auto-reactive popula-
tion (13-15), which number is related to
worse prognosis and to the presence of
extra-articular manifestations (15). The
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reduction of the number of the CD28"¢
T cells was also significantly correlated
with an improvement of disease activity
(11, 12).

Signalling through CD28 may be im-
portant not only for the production of
inflammatory cytokines, but also for
several other T cell functions. In par-
ticular, it has been reported that CD28
may modulate the expansion and sur-
vival of regulatory T cells (Treg) (16).
The aim of the present study was to
verify the hypothesis that ABA might
reduce the production of pro-inflam-
matory cytokines (IFN-y and IL-17) by
T cells. Moreover, we have explored
the effect of ABA therapy on the num-
ber of circulating Treg.

Materials and methods

Patients

Forty-four consecutive RA patients
that previously failed to respond to at
least one disease-modifying anti-rheu-
matic drug and were treated with ABA
for at least 6 consecutive months were
enrolled. The study was approved by
local ethics committee. Clinical assess-
ment of patients was performed using
the Disease Activity Score 28 based
on C-reactive protein (DAS28-CRP)
(17) and clinical response was evalu-
ated with the European League Against
Rheumatism (EULAR) response crite-
ria (18). Thirty-two and 16 patients of
this cohort had participated in previous
studies on the immune effect of ABA
(12, 19).

Sixteen healthy donors (HD; 9 male, 7
female; median age: 49; 25-75™ per-
centile: 39-53) were used as controls.

Methods

Blood samples were obtained at the
start of ABA treatment (TO) and after 6
and 12 months of therapy (T6 and T12).
Peripheral blood T-cell phenotypic
characterisation was performed by flow
cytometry (Cytomics FC-500, Beck-
man Coulter Inc., Fullerton, CA), as
previously reported (12). Absolute cell
count was determined by single-plat-
form analysis using Flow-Count beads
(Beckman Coulter). Treg were defined
by the high expression of CD25 and
the low expression/absence of CD127,
using PE-conjugated anti-CD25 and
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PC7-conjugated anti-CD127 (Beckman
Coulter) (20). In addition, in a portion
of patients (n=12), Treg were evaluated
with FITC-conjugated anti-CD31 and
ECD-conjugated CD45RA (Beckman
Coulter), in order to divide them into
a subset directly derived from the thy-
mus (CD45RA+CD31+) and a subset
induced in periphery (CD45RA neg).
Cytokine production by T cells was
evaluated in vitro in 24 patients and in
16 HD. Peripheral blood mononuclear
cells obtained by Ficoll-Hypaque gradi-
ent centrifugation were cultured at 37°C
temperature and 5% CO, pressure, and
stimulated with phorbol 12-myristate
13-acetate (PMA, 5 ng/ml) and iono-
mycin (500 ng/ml) for 5 hours in the
presence of monensin (1pM; Sigma-
Aldrich Chemie Gmbh, Steinheim,
Germany). Since it is well-known that
PMA induces a rapid down-regulation
of CD4 molecule (21) that prevents
direct evaluation of the CD4* popula-
tions, CD3+CD8- cells were considered
as CD4" in the analysis of cytokine-
producing cells. Cells were washed
and stained with PC5-conjugated anti-
CD3, ECD-conjugated anti-CD28 and
PC7-conjugated anti-CD8 (Beckman
Coulter) for 30 minutes at room tem-
perature, fixed with paraformaldehyde
(4%) for 5 minutes and permeabilised
with saponin (0.2%; Sigma-Aldrich)
for 15 minutes. Intra-cytoplasmic stain-
ing was performed for 30 minutes us-
ing PE-conjugated anti-IFN-y and Al-
exa Fluor 488-conjugated anti-IL-17A
(Becton Dickinson, San Jose, CA).

Statistical analysis

If not otherwise specified, data were
expressed as the medians (25-75" per-
centile). Comparison between quanti-
tative variables of different groups was
performed with Mann-Whitney test;
the variations of matched quantitative
data were analysed with Wilcoxon test.
Chi-Square test with Yates’ correction
was applied for comparison between
qualitative variables. Simple regres-
sion test was used to evaluate correla-
tion between quantitative variables.

Results
Main demographic and clinical fea-
tures of 24 RA patients treated with

Table I. Main clinical and demographic features of RA patients. Data are expressed as
median (25%-75" percentile) if not otherwise specified.

Total cohort of Cohort p-value
patients evaluated with
(n=44) (%) T cell functional
studies (n=24) (%)
Sex (male/female) 6/38 4/20 1.00
Age (years) 54 (47-60) 52 (42-61) 0.21
Disease duration (years) 8.5 (4-13) 6.5 (1-11.5) 0.06
Smokers [%] 14 [31.8%] 10 [41.7%] 0.58
Rheumatoid factor positivity [%] 33/42 [78.6%] 18/20 [90%] 0.46

Anti-CCP antibodies positivity [%]
Number of previous DMARDs
Number of previous TNF-alpha blocking agents

Patients with previous Rituximab treatment [%]

32/38 [84.2%]  15/18 [83.3%] 1.00

Causes of interruption of previous biologic treatments:

Inefficacy [%]
Others [%]

Number of patients treated with ABA as first
line biological treatment [%]

DAS28 (CRP) at baseline

Concomitant use of DMARD:s:
Methotrexate (MTX) [%]
MTX + other DMARD
Others [%]

None [%]

Dosage of MTX at baseline (mg/week)

Concomitant use of vitamin D at baseline [%]

Vitamin D dosage at baseline (IU of colecalcipherol/day)

3 (2-5) 3 (2-4) 0.10
2 (1-2) 2 (1-2) 0.20
8 [18.2%] 3 [125%] 0.9

32 [75%] 16 [66.7%]  0.81
7 [16%] 5 [208%] 086
6 [13.6%] 3 [125%]  1.00

5.17 (4.46-6.11) 5.08 (4.63-5.67) 0.19

33 [75%] 19 [792%] 0.93
5 [11.4%] 4 [16.7%] 0.23
4 [9.1%] 3 [12.5%] 0.28
7 [159%] 2 [8.4%] 0.61
12.5 (6-15) 13.7 (9.3-15) 0.30
29 [65.9%] 15 [62.5%] 0.99
800 (0-833) 800 (0-808) 0.83

CCP: cyclic citrullinated peptide; DMARDs: disease-modifying anti-rheumatic drugs; ABA: Abatacept;

DAS: Disease Activity Score.

ABA in which T-cell functional stud-
ies were performed are summarised in
Table I. There was no significant dif-
ference with the total cohort of 44 con-
secutive patients who received ABA at
our center (Table I). In the large ma-
jority of patients ABA was used after
failure or adverse events to one or more
other biological agents. After 6 months
of treatment with ABA, 59% and 55%
of the entire cohort achieved EULAR
good clinical response and clinical re-
mission, respectively, while these out-
comes were reached in 71% and 62%
of the 24 patients evaluated with T-cell
functional studies. Five of 24 patients
discontinued ABA treatment after 6
months for inefficacy, and none for se-
vere adverse events.

At baseline (TO) the percentages of
CD4* and CD8* T cells producing IL-
17 were higher in RA patients than in
HD (p=0.021 and p=0.006; Fig. 1).
There was no significant difference
between the two groups in the propor-
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tion of CD8* T cells producing IFN-vy,
whereas the number of CD4* T cells
producing IFN-y was lower in RA than
in HD (p=0.049; Fig. 1).

When the production of IFN-y was
evaluated in T-cell subsets identified
according CD28 expression, no differ-
ences between HD and RA patients at
TO were found. Figure 2 demonstrates
data on the CD28"¢ subpopulations; as
expected, these were a better source of
IFN-vy than the CD28" counterparts.

To calculate the absolute number of
potential cytokine-producing T cells in
RA patients, the proportion found af-
ter in vitro stimulation was multiplied
by the absolute number of circulat-
ing cells. At TO the absolute number
of CD4* IL-17-producing T cells was
significantly higher in RA patients than
in HD (12 cells/microliter (4-19) vs. 4
(3-5); p=0.005), while the other T-cell
subtypes did not differ between the two
groups.

No difference in cytokine production
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was observed at TO when patients were
separated according to their treatment
with drugs that potentially modulate
T-cell functions, such as methotrexate
and vitamin D (data not shown).

The percentages of IFN-y- and IL-17
producing cell populations were not
different between RA patients who
achieved a good EULAR clinical re-
sponse after therapy with ABA and
those who did not (data not shown).
At TO, the proportion of circulating
Treg (CD4+*CD25MehCD 127'0w/absent) wag
higher in RA patients than in HD (6.4%
(4.8-7.5) vs. 4.7% (4.0-4.8); p=0.041;
Fig. 3), whereas Treg absolute number
did not differ (51/microliter (28—63) vs.
40 (36-46); p=0.73).

The variations of cytokine production
upon in vitro stimulation after 6 (T6)
and 12 months (T12) of ABA therapy
in RA patients are reported in Figure 1.
The percentage of IFN-y- and IL-17-
producing CD8* T cells significantly
decreased at T6 (p=0.033 and p=0.035,
respectively), whereas the reduction of
IL-17 producing CD4* T cells reached
statistical significance only at T12
(»=0.005). The percentages of IL-17
producing T cells, that were higher than
in HD at TO, normalised after ABA
therapy. When T cells were analysed
according the expression of CD28, the
percentages of IFN-y-producing cells
did not significantly change in any sub-
set (Fig. 2).

Calculating the absolute number of
cytokine-producing T cells at T6, we
observed a significant decrease of IL-
17 producing CD4* and CD8* T cells
(from 12 cells/ul (4-19) to 8 (4-14);
p=0.044; and from 4 (2-5) to 2 (1-4);
p=0.028), as well as of IFN-y pro-
ducing CD8* T cells (from 80 cells/
pl; (47-119) to 54 (35-81); p=0.023).
The reduction of the absolute number
of IFN-y producing CD8+ cells was
accounted for by the reduction of the
IFN-y* CD28"¢ population of CD8*
T cells (p=0.033; Fig. 2), while IFN-
y*CD28* cells did not significantly
change (data not shown). Moreover,
also the IFN-y* CD28"¢ population of
CD4* cells decreased after 6 months of
ABA therapy (p=0.049; Fig. 2).

When RA patients were divided into
two groups according to their clinical
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Fig. 1. Percentages of IFN-y- and IL-17-producing T cells after in vitro stimulation. Data are ex-
pressed as box plots: median (horizontal bar), 25"-75" percentile (box) and 10%-90" (error bars). Grey:
healthy donors (HD); white: RA patients before (T0) and after 6 (T6) and 12 months (T12) of treat-
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Fig. 2. Percentages and absolute number of IFN-y-producing T cells within the CD28" subsets after
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and 10™-90™ (error bars). Grey: healthy donors (HD); white: RA patients before (TO) and after 6 (T6)

and 12 months (T12) of treatment with Abatacept.

response, the reduction at T6 of the
percentage of IFN-y producing CDS8*
was statistically significant only in pa-
tients with good clinical response (n:17;
p=0.019), whereas the variation was
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milder and not significant in the other
group of patients (n=7). Similarly, only
in patients with good clinical response
to ABA the percentage of IL-17 produc-
ing CD4* and CD8+ T cells decreased
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Fig. 3.
Percentages of Treg
(CD4*CD25"e"  CD-

p:0.017 127"°%) within the pe-

ripheral blood CD4*
T cell population.

Data are expressed
as box plots: median
(horizontal bar), 25"-

75" percentile (box)
and 10%-90™ (error
bars).
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at T6 (p=0.019 and p=0.014, respec-
tively). No difference in the variations
of cytokine production was instead
observed separating patients according
demographic and clinical features (in-
cluding autoantibody seropositivity).
The percentage of Treg, that was high-
er than in HD at TO, normalised after 6
months of ABA therapy, with a signifi-
cant reduction (from 6.8% (4.8-7.5) to
4.6 (3.0-6.2) of CD4* T cells; p=0.008;
Fig. 3). However, the reduction of the
absolute number of Treg did not reach
statistical significance (from 51 cells/
ul; (28-63) to 39 (27-56); p=0.23). In
12 RA patients evaluated for this pur-
pose, no variation was observed in the
percentage of recent thymic emigrants
(CD45RA+CD31+) and peripheral
memory induced (CD45RAneg) sub-
sets within the population of total Treg
(data not shown).

There was no significant correlation
between Treg changes after ABA ther-
apy and clinical response.

Discussion

Even if the blockade of co-stimulation
signals with ABA represents a valuable
option for RA treatment, the mecha-
nisms by which this therapy is success-
ful in RA are not yet fully elucidated
(4). At this regard, mouse model data
suggest that ABA acts by preventing T-
cell activation at a systemic level, and
not directly on the synovium (10).
Phenotypic effects of ABA therapy
on peripheral T cells were reported in
our previous studies; in particular, we

demonstrated a decrease of the number
of circulating CD28"¢ T cells, and we
suggested that ABA, by competing with
CD28 repetitive engagement, avoids
down-modulation of this molecule and
the consequent expansion of the CD-
28"e T cells (11, 12), a population that
have peculiar functional aspects, includ-
ing a high production of IFN-y (13).
According with these premises, we
demonstrated a reduction of the periph-
eral blood T cells capable to produce
IFN-vy after in vitro stimulation in pa-
tients treated with ABA. The reduction
was statistically significant as far as
the percentage and absolute number of
CD8* T cells and the absolute number
of CD4* T-cells. A reduction of CD4*
IFN-y-producing cells was very re-
cently reported by another group in a
smaller number of patients treated with
ABA (22). In this study, contrary to our
findings, this reduction was significant
only in ACPA positive patients. How-
ever, these authors used a protocol of in
vitro stimulation (with CD3 only) that
lead to the activation of a much smaller
number of CD4* T-cells, and it is possi-
ble that the use of different techniques
may account for this discrepancy.

In our experience, the reduction of
IFN-y production was associated with a
good clinical response to ABA. Analo-
gously, when a reduction of IFN-y pro-
duction was observed in RA patients
treated with TNF-blocking agents, this
was correlated with disease improve-
ment (23). These findings may suggest
an association between this functional
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feature and RA disease activity, indi-
cating that this might be a common
pathogenic pathway targeted by differ-
ent therapies through different mecha-
nisms of action (24). However, while
some authors reported a decrease of
IFN-y producing cells after treatment
with anti-TNF drugs (23, 24), others
on the contrary described an increase
of IFN-y production in patients treated
in this way (25, 26). The decrease in
IFN-vy producing T cells observed after
ABA therapy cannot therefore be clear-
ly interpreted as a non-specific sign of
disease activity reduction. Since we did
not find significant variations in the pro-
portion of IFN-y-producing cells within
the subpopulations defined according
CD28 expression, our data suggest that
the reduction of the circulating CD-
28"¢ subpopulations (which are a bet-
ter source of IFN-y production than the
CD28* counterparts), can also explain
the decrease of IFN-y-producing cells
observed after ABA therapy. A reduc-
tion of CD28™¢ cells, was also found
in some patients treated with anti-TNF
(28, 29), but in those studies the num-
ber of IFN-y-producing cells was not
evaluated. We suggest that the possible
effect of previous therapies, including
more than one TNF-blocking agent in
the majority of our patients, might ex-
plain the observations that before ABA
treatment, despite an active state of RA,
there was no difference in the number of
IFN-y-producing cells between patients
and HD, and the percentages of IFN-y*
CD4*cells were even lower in patients.

Others have described a reduction of
IFN-vy serum levels (6, 22) and of its ex-
pression in synovial cells (7) after ABA
therapy. Accordingly, synovial T cells
decrease their expression of IFN-vy after
treatment in vitro with ABA (30) The
synovial compartment of RA is usually
enriched by memory/activated T cells
able to produce IFN-y (7, 30, 31). The
decrease of IFN-y synovial expression
observed after ABA therapy was corre-
lated with magnetic resonance imaging
improvement (7), and this prompted to
the suggestion that T cell “deactiva-
tion”, with reduced IFN-y production,
rather than synovium depopulation, is
important in mediating the effects of
ABA (7). It is therefore conceivable
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that the co-stimulation blockade by
ABA can reduce the production of cells
with these functional characteristics in
secondary lymphoid organs and that
this situation is reflected in the periph-
eral blood. Indeed, migration from sec-
ondary lymphoid organs to peripheral
tissues, like the synovium, is facilitated
by down-modulation of CCR7 (32),
and we have previously demonstrated a
reduction of the CCR7"¢ T-cell popula-
tions after ABA therapy (12). Not many
data, however, are so far available to
substantiate this hypothesis. While de-
crease in the infiltrate of lymphoid B
cells after 4 months of therapy (7), and
also of T cells after longer treatment
(33), has been described in the synovial
tissue of ABA treated patients, less is
known on the effect on CD28™¢ T cells
in the rheumatoid synovium. The only
available information is that these cells
are rare in the synovial membrane and
synovial fluid, despite significant fre-
quencies in the circulation (34, 35).

We wished to evaluate whether co-stim-
ulation blockade modify T-cell func-
tional activities not only by decreasing
the production of CD28"¢ populations.
Therefore, since it has been shown that
the T-cell differentiation in vitro toward
IL-17 production may be increased
by CD28 mediated signalling (3), we
measured the production of this cy-
tokine. Like others (36, 37), we found
an increase of circulating IL-17 produc-
ing T cells in RA patients, but, here, we
first demonstrated that these cells sig-
nificantly decrease after treatment with
ABA, returning to normal levels. In a
study on a slightly smaller number of
patients, a reduction of Il-17 producing
CD4* T cells, although not statistically
significant, was also recently described
(22). Furthermore, we found that the
decrease of circulating IL-17 producing
T cells after ABA therapy was signifi-
cantly associated with improvement of
disease activity. We analysed the possi-
ble effect of concomitant therapies that
might affect T-cell functions (38, 39),
but we did not observe any clue for a
possible effect of concomitant metho-
trexate, or vitamin D. We propose,
therefore, that CD28 co-stimulation
blockade might be responsible also for
the decrease of IL-17 production ob-

served in patients treated with ABA.
Considering the capability of IL-17 to
amplify the pro-inflammatory cytokine
cascade, the effect of the reduction of
IL-17 producing cells might be one of
the mechanisms by which ABA per-
forms its favourable action in RA. This
effect, however, is not a specific feature
of ABA, since it was already described
after therapy with TNF- or IL-6- block-
ing-agents, and not only in peripheral
blood, but also in inflamed tissues (36,
37). These results suggest that IL-17
production might be another pathogenic
mechanism which participates to a pos-
sible common final pathway leading
to RA (24), which may be targeted by
various and differently acting therapeu-
tic agents.

Finally, since it has been suggested that
CD28 signals are important for the ex-
pansion and survival of Treg (16), we
analysed the possible effect of the CD28
blockade performed by ABA on periph-
eral blood Treg. To quantitate Treg we
counted  CD4*CD25"ehCD 127w /absent
T lymphocytes, since CD127 has been
demonstrated as a good biomarker for
human Treg cells (20). We observed a
significant decrease of the percentage
of circulating Treg, confirming previ-
ous results obtained evaluating the ex-
pression of Foxp3, CTLA4, Helios or
CD39, other biomarkers of Treg, on
CD4+*CD25"eh cells (22, 40). On the
contrary, an increased percentage of cir-
culating Treg was observed in RA pa-
tients after treatment with TNF or IL-6
blocking therapy (29, 41, 42), which
can be explained by the down modulat-
ing action of these cytokines on the gen-
eration of Treg (43). To interpret our re-
sults, we evaluated whether ABA favour
the proportional expansion of the subset
of Treg induced in periphery upon the
effect of anti-inflammatory cytokines.
For this reason, we tried to dissect the
effect of ABA treatment on different
phenotypic subsets of Treg (thymic,
and periphery induced), but our results,
which are in accordance with other re-
ports (22), did not allow further conclu-
sions. It should be also mentioned that,
like others (40), we did not observe
a correlation between Treg number
changes and clinical response to ABA.
Although concordantly described (22,
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40), the clinical significance of the de-
creased peripheral blood Treg number
after ABA therapy, is therefore still
unclear. Moreover, conflicting results
on their functional activity have been
found. An increased functionality of pe-
ripheral blood Treg was reported, and it
was speculated that the engagement of
CD80/86 on dendritic cells might in-
duce a tolerogenic behaviour (40), but,
on the other hand, no enhancement of
synovial fluid Treg suppressive func-
tion was described by others (22). The
complex action of ABA on Treg in RA
deserves therefore further studies.
There are some limitations in our study,
including the relatively small number
of patients evaluated and their hetero-
geneity. These limitations are similar
to those of other studies concerning the
effects of biological drugs which were
mainly used a second line. However,
data presented here show that several
phenotypic and functional features of
circulating T cells are modified after
therapy with ABA. Although we can-
not exclude that some of the reported
changes, in particular the reduction of
IL-17-producing cells, are related to
a reduction in disease activity rather
than to a specific effect of the drug,
other findings appear to be more di-
rectly related to the blockade of CD28
signal. These more specific effects of
ABA might include the reduction of
IFN-v-producing cells, which is likely
mediated through the decrease of the
CD28"e T-cell subpopulation (a highly
experienced cell subtype that can pro-
duce IFN-y independently of CTLA-4
control), and the reduced percentage of
(phenotipically) Tregs.

Altogether, these findings suggest mul-
tiple ways of action of ABA, confirm-
ing its role in blocking T-cell differen-
tiation before antigen presentation, as
suggested by animal models (10, 44),
and underlie the relevance of the signal
mediated by CD28 as pharmacological
target for RA.
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