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ABSTRACT
Rheumatoid arthritis (RA) is a chronic autoimmune inflammatory disease which causes musculo-
skeletal pain, disability and reduced life expectancy. Activation of immune cells – especially - T help-
er (Th) lymphocytes - resulting in aberrant production and release of cytokines and chemokines has 
been demonstrated as one of the major events in the pathogenesis and progression of the disease. 
Abatacept is a recombinant fusion protein which selectively modulates T-cell activation by blocking 
the co-stimulation of T cells by inhibiting the CD28-CD80/CD86 pathway between T cells and an-
tigen presenting cells. Abatacept has been licensed for treatment of RA in patients with refractory 
disease, despite administration of conventional disease-modifying drugs. The current project will 
be an observational, prospective, single-center study of RA patients starting treatment with abata-
cept, due to residual disease activity. During the study period of 12 months we aim to investigate 

whether the peripheral blood immunological profile of RA patients may 
be used as a biomarker to predict clinical responses to abatacept by 
characterizing the phenotype and function of pathogenic and regulatory 
cell subsets and identifying the cytokine and/or chemokine signature in 
serum of RA individuals receiving this regimen. 
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BACKGROUND
Rheumatoid arthritis (RA) is a chronic autoimmune 
inflammatory disease which causes musculoskeletal 
pain, disability and reduced life expectancy. Its prev-
alence in Western Europe is estimated at 0.63% in 
females and 0.24% in males, while it increases signifi-
cantly up to 2% in the adult population aged over 60 
years.1 Globally, among 291 medical conditions, RA is 
ranked as the 42nd highest contributor to global disabil-
ity, just below malaria and just above iodine deficiency.1 

In Europe, the total annual costs of the disease are esti-
mated at €45.3 billion (year 2007 data), of which direct 
medical costs and drugs represent about one-third.2 

T helper (Th) lymphocytes have been demonstrated to 
play a central role in disease pathogenesis and pro-
gression through the release of cytokines and chemo-
kines. The main pathogenic Th cell subsets are Th1 
characterized by the release of IFN-γ and Th17 that 
secrete significant amounts of IL-17. Both cell subsets 
direct the recruitment of other pathogenic cells, such 
as macrophages, dendritic cells and neutrophils, to the 
site of inflammation. On the other hand, the regulato-
ry networks that should operate in order to inhibit the 
inflammation and re-establish homeostasis are defec-
tive during active RA. The best characterized regulatory 
cells are CD4+ T regulatory cells (Tregs that character-
ized by the expression of the transcription factor Foxp3 
and/or the secretion of IL-10) as well as myeloid-de-
rived suppressor cells (MDSCs) that exert an immuno-
regulatory role through release of suppressive factors. 
Restoration of immune regulation has been shown in 
RA patients upon effective treatment. 
Treatment strategy in RA has radically changed during 
the last 15 years. Early on, at the time of diagnosis, 
treatment with non-biologic disease modifying an-
ti-rheumatic drugs (nbDMARDs) is initiated and com-
binations of nbDMARDs are often used in aggressive 
forms of the disease. The target of treatment is disease 
remission or low disease activity.3 In those patients in 
whom residual disease activity still persists after op-
timal doses of nbDMARDs, then biologic DMARDs 
(bDMARDs) may be used. Biologic DMARDs applied in 
clinical practice are either cytokine inhibitors (TNFα or 
IL6 inhibitors), B-cell depleting agents (anti- CD20 an-
tibodies), or T-cell co-stimulation inhibitors (CTLA4Ig). 
Real-life data from patients’ registries have shown 
that about 50-60% of RA patients treated with those 
agents may respond to therapy, while the rest will stop 
treatment either due to inefficacy (primary or second-
ary) or due to toxicity.4 Until now, personalized treat-
ment selection based on evidence is extremely limited.5 
Optimal T cell proliferation and acquisition of effector 
functions require intracellular signals elicited by both 
the T cell receptor and by a co-receptor, CD28.6 CD28 
delivers co-stimulatory signals upon engagement of its 

ligands, B7-1 (CD80) or B7-2 (CD86). Cytotoxic T lym-
phocyte antigen 4 (CTLA-4), binds to the same ligands 
as CD28 (with much higher affinity) and restricts T cell 
activation.7 

CTLA-4 expression is induced in all T cells transient-
ly after T cell receptor activation. Abatacept is a re-
combinant fusion protein comprising the extracellular 
domain of human CTLA4 and a fragment of the Fc 
domain of human IgG1, which has been modified to 
prevent complement fixation.8 Abatacept, like CTLA4, 
competes with CD28 for CD80 and CD86 binding, and 
thereby can be used to selectively modulate T-cell ac-
tivation. Abatacept has been approved for the treat-
ment of rheumatoid arthritis, based on the results of an 
extensive clinical development program assessing its 
effectiveness and safety in different RA populations.9-11 
Abatacept has been also approved for the treatment 
of juvenile idiopathic arthritis, while belatacept – a 
modified form of abatacept – has been approved for 
preventing kidney transplant rejection. Recently, in a 
randomized controlled trial, abatacept given subcuta-
neously has been shown to have comparable effica-
cy to adalimumab (TNFα inhibitor),12-13 and thus now 
the sub-cutaneous form is given in clinical practice. 
Data from registries have shown that in clinical prac-
tice, up-to 50% of RA patients starting a bDMARD will 
stop treatment due to inefficacy or toxicity in the long-
term.4,14 Comparably, although limited, data suggest 
that in patients with failure to an anti-TNFα agent, aba-
tacept and tocilizumab drug survival in clinical practice 
is approximately 50% at 1 year in RA patients. Several 
studies have addressed the issue of predictive markers 
of response – both clinical or “biomarkers” – to thera-
py with bDMARDs.5 Nevertheless, no reliable, clinically 
applicable tool is yet available. Development of such a 
tool for everyday clinical practice will be an important 
step further in optimizing the treatment of autoimmune 
diseases, since it will save costs and prevent possi-
ble toxicities. Available data for predictors of treatment 
continuation with abatacept are rather limited.15-17

PROTOCOL
This will be an observational, prospective, single-cen-
ter study of RA patients starting treatment with abata-
cept, due to residual disease activity. All patients will 
be recruited by the outpatient and inpatient Clinic of 
Rheumatology, Allergy and Clinical Immunology of the 
University Hospital of Crete. Treatment decisions will be 
made by the treating rheumatologist and according to 
the guidelines for the treatment of RA of the Hellenic 
Society of Rheumatology and EULAR guidelines.
Patients will be followed for 12 months or until treat-
ment discontinuation (whenever treatment duration is 
<12 months). Patients will be followed clinically each 
3 months, and RA disease activity, function and lab-
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oratory parameters will be documented. A series of 
immunological assays of peripheral blood (cytokines, 
cell sub-population and functional studies) will be 
performed at baseline and at 3 months of treatment. 
These studies will be performed in the Laboratory of 
Rheumatology, Inflammation and Autoimmunity of the 
Medical School of the University of Crete.

STUDY POPULATION
Rheumatoid arthritis patients (ACR criteria for RA)18 will 
be recruited by the inpatient and outpatient Rheumatol-
ogy clinic at the University Hospital of Heraklion, Crete. 
Eligible patients will be all those patients who, accord-
ing to their treating rheumatologists’ clinical judgment, 
are candidates for starting treatment with abatacept, 
according to the guidelines of the Hellenic Society of 
Rheumatology and EULAR guidelines.3 All participants 
will consent for participation in the study after being 
informed. 
According to data from clinical trials, approximately 
60% of the patients starting abatacept as a first biolog-
ical DMARD have low disease activity based on DAS28 
during the first year of treatment. Of note, these data 
apply for a selected population recruited for a random-
ized clinical trial, with a disease duration of <5 years.13 
Assuming that we will have a rather lower rate of re-
sponse in our population of clinical practice compared 
to that reported in clinical trials, 40%-50% of our pa-
tients will have low DAS28 and will be categorized as 
responders. Thus, we aim to recruit approximately 30 
patients, whom we will follow for 12 months.

CLINICAL PARAMETERS
Clinical efficacy will be evaluated every 3 months for 
the 12 months of follow-up. Patients will be classified 
as responders (good, moderate or non-responders) 
based on the DAS28 values.19 Moreover, patients’ dis-
ease activity level will be characterized as remission, 
low, moderate or high when actual DAS28 level is <2.6, 
≤3.2, ≤5.1 or >5.1 respectively.20 We will also apply 
SDAI/CDAI response criteria.21 Patients who discontin-
ue treatment will be recorded and reasons of discon-
tinuation will be documented (inefficacy, toxicity, other).

IMMUNOLOGICAL STUDIES
Immunological studies will be performed at baseline 
and at 3 months. In more detail:

1. Phenotypic characterization of pathogenic and 
regulatory cell subsets 
Initially, we will characterize the T cell responses in 
abatacept-treated RA patients. To this end, peripher-
al blood mononuclear CD4+ T cells will be examined 
for the presence of Th1 and Th17 cells based on the 
intracellular expression of IFN-γ and IL-17 respective-

ly by flow cytometry. In addition, we will monitor the 
expression of IL-10 a key cytokine secreted by Treg 
subsets. Furthermore, using a combination of specific 
fluorescent-labeled antibodies, we will determine the 
frequency of myeloid cell populations; macrophages, 
dendritic cells and neutrophils, as well as myeloid-de-
rived suppressor cells. Finally, intracellular expression 
of Foxp3 in CD4+ T cells will allow the characterization 
of natural-occurring Treg cells.

2. Functional characterization of the regulatory 
cell subsets
To understand whether the regulatory cell networks op-
erate in abatacept-treated RA patients, we will isolate 
Treg cells (using cell-sorting – 95-99% purity) and will 
determine their potential to suppress pathogenic autol-
ogous Th1 and Th17 cells in vitro. Pathogenic TH1 and 
TH17 cells will be activated with aCD3/aCD28 beads, 
and their proliferation will be monitored upon labeling 
with CFSE dye. Furthermore, detection of IL-2 in culture 
supernatants by cytokine ELISA will provide evidence 
for their proliferation ability, and their suppressive activity 
will be monitored in a similar fashion as described in (a).

3. Identification of the cytokine/chemokine signa-
ture in serum of RA patients
Serum from abatacept-treated RA patients will be col-
lected and analyzed for the presence of cytokines and 
chemokines using the multiplex bead analysis. The 
multiplex-bead analysis will cover a broad range of 
cytokines and chemokines such as Interleukin- 1β, 2, 
4, 5, 6, 8, 10,12, 17A&F, IFN-γ, IFN-α, INF-β, TNF-α, 
MCP-1, GM-CSF, TGF-β, MIP1-α, MIP1-β.

SIGNIFICANCE
In this proposal, we will investigate whether the periph-
eral blood immunological profile of RA patients may be 
used as a biomarker to predict clinical responses to 
abatacept. 
Approximately 40-50% of RA patients who start treat-
ment with abatacept in clinical practice will discontinue 
this agent due mainly to inefficacy during the first year 
of treatment. Most of them will be “primary failure” to 
abatacept. On the other hand, there is a percentage 
of patients who respond later to abatacept, between 
the 3rd and 6th month of therapy. According to EULAR 
guidelines for the treatment of RA, rheumatologists 
should decide about treatment efficacy during the first 
3-6 months of therapy.3 Decisions for treatment dis-
continuation are now based only on clinical disease 
activity. No biomarkers that predict clinical responses 
are available, and this represents a significant unmet 
need for optimizing therapy of RA. Developing such a 
predictor of response is of clinical and immunological 
significance. 
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