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ABSTRACT
Background. IL-10-producing regulatory B cells (Bregs) are of great importance in autoimmunity, 
as they inhibit proinflammatory T cells. We have shown that IL-10-producing Bregs in psoriatic 
arthritis(PsA) were decreased and inversely correlated with IFNγ+T cells (TH1 cells) and IL-17+ T cells 
(TH17 cells). B cells with overexpression of CD39 have also inhibitory effects on proinflammatory T cells. 
Preliminary results. Our preliminary data showed that Apremilast, a phosphodiesterase-4(PDE-4) 
inhibitor, used in the treatment of PsA and psoriasis (Ps) increased IL-10-producing Bregs and reduced 
IFNγ+CD3+ T cells and IL-17+CD3+ T cells. We also found reduced activation of p38MAP kinase and 
the transcription factor STAT3, two important signaling pathways of IL-10 production, in PsA. Specific 
Aims. The aim of this research proposal is to study for the first time the immunomodulatory effect of 
Apremilast on signaling pathways in peripheral blood mononuclear cells (PBMCs) and CD39high B 
cells in PsA and Ps. Methods. We will study CD39 expression in B cells from patients with PsA and 
Ps before and after Apremilast treatment and their relation to IFNγ+ and IL-17+ T cells. Activation of 
CREB (cAMP response element-binding protein), STAT3, and p38MAPK in PBMCs and CD39high B 
cells from patients with PsA and Ps before and after Apremilast. The effect of CD39high B cells on T cell 
IFNγ and IL-17 production will also be studied. Significance. This study will elucidate the molecular 
pathways of Apremilast and better define Bregs in PsA and Ps. 
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INTRODUCTION
In recent years, a number of studies have shown that 
the deficiency of regulatory B cells (Bregs) is associated 
with the predominance of autoreactive B and T cells in 
autoimmune diseases (Βregs).1 Bregs, phenotypically di-
vided into CD19(+)CD24(hi)CD38(hi) (transitional Bregs) 
and CD19(+)CD24(hi)CD27(+) (memory Bregs), inhibit 
proinflammatory cells mainly through interlukin-10 (IL-
10).2 We have recently reported that IL-10+Bregs are de-
ficient in systemic sclerosis (SSc), psoriatic arthritis (PsA), 
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and psoriasis (Ps).3,4 PsA and Ps share many genetic and 
clinical features, so that one may consider them as one 
disease with different manifestations.5

The anti-inflammatory properties of IL-10 and its immu-
noregulatory action on proinflammatory T and B cells are 
well-documented.6 Bregs play a critical role in the main-
tenance of balance between regulatory T cells (Tregs) 
and proinflammatory Τh1, Th17 cells.7,8 Bregs induced 
in vitro can subsequently induce naïve T cells into Tregs 
(CD25+, FoxP3+) producing IL-10.9 
Recent studies have shown that overexpression of CD39 
is also a marker of Bregs,10 and the suppression of T 
cells has been associated with increased expression of 
CD39 on cell membrane of B cells.11 Indeed, CD39high 
Β cells co-cultured with autologous T cells inhibited T cell 
activation and expansion and increased IL-10 produc-
tion.10 Tregs also overexpress CD39.12 CD39 is an ec-
tonucleoside triphosphate diphosphohydrolase which is 
expressed on the surface of lymphocytes and catalyzes 
hydrolysis of ATP thus producing adenosine (ADO). ADΟ 
acting on its receptor activates adenylcyclase, which in 
turn catalyses ATP into cyclic AMP(cAMP) and leads to 
inhibition of T cell function.13 cAMP through the action of 
phosphodiestarse-4(PDE4) catalyzes the conversion of 
cAMP to AMP. 
Apremilast inhibits PDE-4 and thus increases cAMP lev-
els.14 Increased cAMP levels activate protein kinase A 
(PKA), up-regulate cAMP-response element(CRE)-con-
taining genes, activating transcription factor-1 (ATF-1), 
while they inhibit nuclear factor-kappa B (NF-kB) involved 
in inflammatory responses.14 In lymphocytes, IL-10 pro-
duction is regulated by a number of transcription factors, 
such as signal transducers and activators of transcription 
(STAT), cAMP-response element binding protein(CREB), 
NF-kB, activator proteins, including ATF-1.15 
cAMP via PKA/CREB increases CD39 expression.16 It is 
worth noting that IL-35-stimulated CD39+ CD4+ Τ cells 
protected against collagen-induced arthritis via IL-10 
production.17 

AIMS 
Our research hypothesis is that Apremilast may directly 
increase IL-10 production and indirectly increase expres-
sion of CD39 in B cells and T cells, thus promoting their 
immunoregulatory capabilities. This may be mediated 
by transcription factors CREB, STAT3, p38ΜΑΚ, and 
ERK1/2 MAPK. 

SPECIFIC AIMS 
Based on the above discussion, we plan to study:
1) The expression of CD39 in B cells from patients with 
PsA and Ps and its relation to IFNγ+CD3+ T cells and 
IL-17+CD3+ T cells at baseline and after initiation of 
Apremilast treatment.
2) Activation (phosphorylation) of CREB, STAT3, 

p38MAPK in peripheral blood mononuclear cells (PB-
MCs) and purified CD39high B cells from patients with 
PsA and Ps at baseline and after Apremilast treatment.
3) Activation (phosphorylation of CREB, STAT3, 
p38MAPK in purified CD39high B cells from healthy con-
trols, after stimulation with stimulants that induce IL-10 
production with or without Apremilast in vitro. 
4) The effect of CD39high B cells on the expression of 
IFNγ and IL-17 in co-cultures with T cells with or without 
Apremilast in vitro. 

The expression of CD39 in B cells and the phospho-
rylation of signal transducers/transcription factors will 
be studied with flow cytometry and the use of appro-
priate monoclonal antibodies and protocols specifically 
designed for small cell populations as described by our 
group.3 Cell cultures will be carried out as described.3

PATIENTS AND METHODS 
Patients
Patients with PsA (n=15), Ps(n=15) and healthy con-
trols(n=15) will be included in this study. Patients with 
PsA and Ps, followed up at the outpatient clinics of the 
Departments of Rheumatology and Clinical Immunolo-
gy and Dermatology, respectively, will participate in the 
study after written informed consent, and approval by 
the Scientific Committee of the University General Hos-
pital of Larissa. 
Peripheral blood samples (20 mL) will be collected from 
patients at baseline and at month 3 and 6 after Apremi-
last initiation. Peripheral blood mononuclear cells (PB-
MCs) and serum are isolated and kept in liquid nitrogen 
tanks until used. We already have in biobanking facility 
PBMCs for 20 patients ready to use. 

Methods
Lymphocytes will be cultured in RPMI 1640 with serum 
(5-10%) at 37ο C. B cells be characterized by antibodies 
to surface markers CD19, CD24, CD38, and CD27, and 
naïve and memory B cells, and transitional and memory 
Bregs with be measured. CD39high Bregs will be charac-
terized by staining with anti-CD39 monoclonal antibody 
and intracellular staining for IL-10. From another cryovial 
PBMCs, naïve and memory B cells will be separated with 
magnetic beads (Miltenyi-B cell negative selection). Simi-
larly, CD4+ T cells will be separated for PBMCs.
CD39high Β cells or PBMCs will be cultured with or 
without polyclonal IgM (BCR activation) bacterial CpG 
(ODN2006 –TLR-9 activation), bacterial LPS (TLR-4 ac-
tivation, PMA, ionomycin, in order to activate/differenti-
ate B cells into IL-10 production in the presence or no 
Apremilast. Incubation times will vary from 24 hours to 5 
days. CD39high Β cells will be cultured with autologous 
CD4+Tcells with or without Apremilast, and the effect on 
T cells will be assessed with T cell proliferation assays or 
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with measurement of T cell IFN-γ production. For intra-
cellular cytokine production, brefeldin A, an inhibitor of 
protein transport, will be added, and cells will be stained 
for membrane markers. Then after treatment with sapo-
nin solution, cells will be stained for intracellular cytokines 
with appropriate monoclonal antibodies. 
Phosphorylation of CREB, ERK1 / 2, ρ38 ΜΑΡΚ and 
STAT-3 will be carried out with BDTM Phosflow protocol, as 
described by our group (Mavropoulos). In brief, cells will 
be left to rest in 1% fetal calf serum (FCS) for 2 hours and 
then they will be stimulated with CpG-DNA (ODN2006) 
and / or anti-goat IgM polyclonal antibody (BCR stimu-
lant) and anti-CD40 antibody. To measure baseline ki-
nase phosphorylation, in a parallel culture cells will be left 
without stimulation. For cell fixation, cells will be treated 
with paraformaldehyde (2%) at 37° C for 15 min. Then, 
after washing, cells will be permeabilized with 1 ml 75% 
(ν / ν) methanol (Fisher Scientific, Pittsburgh, ΡΑ) in ΤΒS. 
Then cells will be hydrated for 30-60 min. After washing, 
cells will be treated with FcR block at room temperature 
for 15 min to block Fc receptors. After washing, cells 
will be resuspended in 2% BSA / TBS (w/v) and will be 
incubated with conjugated fluorochromes. The following 
monoclonal antibodies will be used for phosphor-flow: 
CREB (pS133), phospho-p38 ΜΑΡΚ (Τ180 / Υ182) και 
Stat3 (pS727) (BD Biosciences). According to the man-
ufacturer, Stat-3 is phosphorylated at serine 727 (S727) 
by ΜΑΡΚ. 

SIGNIFICANCE
This study is novel, and the hypothesis is based on pre-
liminary data. Much of biological material is available for 
the initiation of the study. The identification of molecular 
pathways though which Apremilast exert its actions in 
PsA and Ps may reveal new therapeutic strategies for 
these diseases. Finally, our study will help better define 
the role of various Bregs, a key player in autoimmune 
rheumatic diseases. 
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