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The Gi protein associated A; adenosine receptor (A3AR) was recently defined as a novel anti-inflamma-
tory target. The aim of this study was to look at AsAR expression levels in peripheral blood mononuclear
cells (PBMCs) of patients with autoimmune inflammatory diseases and to explore transcription factors
involved receptor expression.

Over-expression of AsAR was found in PBMCs derived from patients with rheumatoid arthritis (RA),

Keywords: psoriasis and Crohn’s disease compared with PBMCs from healthy subjects. Bioinformatics analysis dem-
:Egi:gosme receptor onstrated the presence of DNA binding sites for nuclear factor-kB (NF-kB) and cyclic AMP-responsive ele-
Crohn's disease ment binding protein (CREB) in the A;AR gene promoter. Up-regulation of NF-xB and CREB was found in
Psoriasis the PBMCs from patients with RA, psoriasis and Crohn’s disease. The PI3K-PKB/Akt signaling pathway,
Rheumatoid arthritis known to regulate both the NF-xB and CREB, was also up-regulated in the patients’ PBMCs.

NF-xB Taken together, NF-kB and CREB are involved with the over-expression of A3AR in patients with auto-
CREB immune inflammatory diseases. The receptor may be considered as a specific target to combat

PI3K-PKB/Akt
Inflammation

inflammation.
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1. Introduction

Effective anti-inflammatory drugs to treat autoimmune dis-
eases today are mainly monoclonal antibodies against tumor
necrosis factor-o. (TNF-a) or other inflammatory cytokines. Due
to the critical role of these cytokines in regulating normal immune
and inflammatory responses, these drugs induce adverse effects
and efforts are still directed towards more specific targets which
are expressed solely by pathological but not normal cells [1-5].

Recently the A; adenosine receptor (AsAR) was identified as a
new target to combat RA due to its unique characteristics. The
AsAR belongs to the Gi protein associated family of adenosine
receptors which includes also the A;, A;a and A,g sub-members.
The A; and the As; adenosine receptors are negatively associated
with cAMP whereas activation of the A and A, stimulates aden-
ylyl cyclase and cAMP formation [6].

* As adenosine receptor is over-expressed in autoimmune inflammatory diseases.
* Corresponding author. Fax: +972 3 9249378.
E-mail address: pnina@canfite.co.il (P. Fishman).
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The AsAR was found to be over-expressed in cells from synovial
and paw tissues of rats with adjuvant induced arthritis (AIA). High
receptor expression was also found in PBMCs derived from the AIA
rats, reflecting receptor status in the remote inflammatory sites
[7-9].

Based on these findings, synthetic highly selective agonists to
the AsAR were introduced for the treatment of AIA. CF101, chemi-
cally known as 1-deoxy-1-[6-[[(3-iodophenyl)methyl]amino]-9H-
9-yl]-N-methyl-B-p-ribofura-nuronamide  (IB-MECA) induced
marked amelioration of the clinical and pathological manifesta-
tions of AIA. Mechanistically, CF101 decreased the expression lev-
els of PI3K, PKB/Akt, IKK and IkB resulting in down-regulation of
NF-kB, inhibition of TNF-a and apoptosis of inflammatory cells.
In addition, a direct anti-proliferative effect of CF101 towards
auto-reactive T cells was observed [7-11].

Examination of AsAR expression levels in the PBMCs of RA pa-
tients revealed receptor up-regulation in both early diagnosed pa-
tients which were not yet under treatment and in patients
chronically treated with methotrexate (MTX) [9,12].

These data prompted the initiation of a pre-clinical and clinical
programs utilizing CF101 as an anti-inflammatory drug candidate.
In a Phase I study in healthy subjects, CF101 was found to be safe
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Table 1
Characteristic of patients with autoimmune inflammatory diseases.
Age (years) Disease duration (years) Treatments
Rheumatoid arthritis 54.5+2.33 6.67 £2.06 MTX, prednisone

Topicals, Dead sea, phototherapy, MTX, immunobiologicals

Psoriasis 47.72 £2.65 18.6+2.28
Immunosuppressants, anti-inflammatory, immunobiologicals, prednisone, antibiotic

Crohn’s disease 43.7+£3.74 13.07 £2.08

significant direct correlation with patient responses to CF101, sug-
gesting AsAR utilization as a biomarker to predict patients’ re-
sponse to the drug prior to treatment initiation [14].

The aim of the present study was to explore whether the AzAR
target is over-expressed in additional autoimmune inflammatory

and well tolerated with a linear pharmacokinetic activity [13]. In a
Phase Ila study conducted in patients with RA, CF101 administered
twice daily for 12 weeks resulted in an improvement of disease
signs and symptoms and appeared to be safe and well tolerated.
Analysis of AsAR expression levels at base line showed statistically
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Fig. 1. WB analysis of AsAR and NF-kB was performed in PBMCs derived from patients (n = 25 for each disease) with rheumatoid arthritis, psoriasis and Crohn’s. CREB was
tested in PBMCs samples utilizing RT-PCR analysis. (A) A3AR; (B) NF-kB; (C) CREB. (Values of units are the mean and SE, p < 0.05).
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Table 2
List of transcription factors with relation to the ADORA3 gene promoter region.

Factor Extended set of interacting factors

c-Rel C/EBPa, C/EBPB, CRE-BP1, ER, NF-kB, Oct-1, PU.1, Sp1, TBP, c-Fos, c-Jun, c-Rel

MyoD CRE-BP1, ER, GATA-1, GR, MRF4, MyoD, PR, PU.1, c-Jun

c-Fos AP-1, ATF, C/EBP, C/EBPa, C/EBPB, C/EBPS, C/EBPg, CRE-BP1, CREB, ER, GR, MyoD, NF-kB1, Oct-1, Oct-1A, PU.1, USF, c-Rel
GR AP-1, ATF, C/EBPB, CRE-BP1, ER, MyoD, Oct-1A, PR, PU.1, c-Fos

CREB ATF, CRE-BP1, CREB, CREM&C-G, c-Fos, c-Jun

AP-1 GR, Oct-1, Oct-1A, c-Fos, c-Jun

GATA-1 C/EBP, C/EBPp, MyoD

C/EBP ATF, C/EBP, C/EBPB, C/EBPg, CRE-BP1, CREB, CTF-1, NF-xB1, TBP, c-Fos, c-Jun

c-Jun AP-1, ATF, C/EBP, C/EBPa, C/EBPB, C/EBPS, C/EBPg, CRE-BP1, CREB, E47, ER, GR, MyoD, NF-kB1, Oct-1, Oct-1A, PU.1, TBP, c-Fos, c-Jun, c-Rel
PU.1 ATF, C/EBPa, C/EBPB, CRE-BP1, GR, MyoD, Oct-1, Sp1, TBP, c-Fos, c-Jun, c-Rel

NF-kB ATF, C/EBP, C/EBPo, C/EBPB, C/EBPS, C/EBPe, ER, TBP, c-Fos, c-Jun, c-Rel

diseases. We thus looked at receptor expression levels in PBMCs
derived from patients with RA, psoriasis and Crohn’s disease. We
further studied the molecular mechanism involved with receptor
over-expression and performed bioinformatics analysis to look at
the transcription factors in the A3;AR promoter gene regulating
receptor expression and functionality.

2. Materials and methods
2.1. Reagents

Rabbit polyclonal antibodies against rat AsAR (developed
against amino acids 151-230 with the internal region of the
A3AR, Santa Cruz Biotechnology, CA, USA) and the signaling pro-
teins TNF-o (rat anti TNF-o, R&D systems, MN, USA), PI3K (rabbit
polyclonal antibody raised against amino acids 189-390 mapping
near the N-terminus of PI3K p110a unit, Santa Cruz Biotechnology,
CA, USA), phosphorylated PKB/Akt (PKB/Akt phosphorylated at
pSer473, Sigma MI, USA), IkB (rabbit polyclonal antibody against
a peptide at the C-terminus of IkB-a, Santa Cruz Biotechnology,
CA, USA), NF-kB (NF-kB p65-RelA, Chemicon International, CA,
USA) were used.

Phytohemagglutinin (PHA) and Wortmannin were purchased
from Sigma (Chemical Co., St. Louis, MO, USA).

2.2. Blood sample collection and separation

Blood samples were collected from patients with RA, psoriasis,
Crohn’s disease and healthy subjects upon ethical committee ap-
proval. The patients signed an informed consent prior to blood
withdrawal.

To separate PBMCs, blood (16 ml) was collected in CPT vacu-
tainer (BD, Franklin Lakes, NJ, USA), centrifuged according to man-
ufacturer instructions and washed with PBS.

2.3. In vitro activation of PBMCs with PHA

PBMCs (2 x 10%/ml) from healthy subjects were incubated with
5 pg/ml PHA in RPMI 1640 supplemented with 10% FBS for 24 h.
Wortmannin (200 nM) was added 30 min. prior to PHA (5 pg/ml)
stimulation. At the end of the incubation the PBMCs were collected
and protein extracts were prepared.

2.4. Western blot analysis of AsAR and additional signaling proteins in
PBMCs

Western blot analysis (WB) was carried out according to the fol-
lowing protocol. Samples were rinsed with ice-cold PBS and resus-

pended in ice-cold lysis buffer (TNN buffer, 50 mM Tris buffer, pH
7.5, 150 mM NacCl, NP 40) and proteinase inhibition cocktail. The
samples were then incubated on a shaker for 1 h at 4 °C. Cell debris
was removed by centrifugation for 10 min, at maximum speed.
Protein concentrations were determined using the Bio-Rad protein
assay dye reagent. Equal amounts of the sample (50 pg) were sep-
arated by SDS-PAGE, using 10% polyacrylamide gels (invitrogels).
The resolved proteins were then electro-blotted onto nitrocellulose
membranes (Schleicher & Schuell, Keene, NH, USA). Membranes
were blocked with 5% BSA and incubated with the desired primary
antibody (dilution 1:1000) in 1% BSA for 24 h at 4 °C. Blots were
then washed and incubated with a secondary antibody
(1:10,000) for 1 h at room temperature. Bands were recorded using
BCIP/NBT color development kit (Promega, Madison, W1, USA).
Blots of protein extracts derived from human subjects were
quantified by densitometry analysis and the ratio of patients/stan-
dard was calculated. Blots of mitogen stimulated cells were nor-
malized against the housekeeping protein, B-actin. The optical
density of the bands was quantified using an image analysis sys-
tem and corrected by the optical density of the corresponding stan-
dard/B-actin bands. The control values were designated as 1 U.

2.5. RT-PCR analysis of CREB expression in PBMCs

Total RNA was extracted from PBMCs derived from patients
with RA, psoriasis and Crohn’s disease utilizing RNeasy mini kit
(QIAGEN). The reverse-transcription reaction was performed at
50 °C for 30 min from 1 pg total RNA. For human CREB amplifica-
tion one Step RT-PCR with Platinum Taq (Invitrogen) was utilized
and the primers for CREB 5-ATGACCATGGAATCTGGA and 3'-
TTAATCTGATTTGTGGCAG were added. The PCR reaction was per-
formed by heating to 99 °C for 5 min, 35 cycles of 94°C for
1 min, 60 °C for 1 min, and 70 °C for 1 min.

For amplification of human B-actin the primer 5'-TGGGA
ATGGGTCAGAAGGACT and 3'-TTTCACGGTTGGCCTTAGGGT were
used. The PCR condition included heating to 94 °C for 2 min, 30
cycles of 94 °C for 30 s, 56 °C for 1 min and 30 s, and 73 °C for 45 s.
The PCR Products were electrophoresed on 2% Agarose gels, stained
with Ethidium Bromide and visualized with UV illumination.

2.6. Bioinformatics analysis of AsAR (ADORA3)

General data were obtained from release 3.3 of the Transfac
database [15] and from the iHOP data collection [16]. Post process-
ing of the information included eliminating redundancies due to
nomenclature differences and synonyms. The processed data were
used for establishing a hash structure which served the analysis
and mapping program. Two types of data were produced, direct
(A-B interacting) and first level extended set. The first level
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Analysis of transcription factors binding sites 3050 bp region, upstream the ADORA3 gene promoter. Probable direct and first level interactions between the various transcription
factors are listed with their upstream positions along the promoter.

Factor: c-Fos c-Jun NF-kB NF-xB1
Upstream —1666, —1118 -215 —1754, —1598 —1598
positions:

Interactions:

First level

interactions:

ATF: —95 C/EBPbeta:
-1617, —-11

c-Jun: —215
CRE-BP1: —94

ATF: —95

C/EBPalpha: —2963, —2914,

—2646, —2619, —2490,
—1851, —1756, —1714,
—1601, —1457, —1323,

—1047, —1000, —874, —614,

—452, —143

Oct-1A: —1598

GR: —2840, —2746, —2186,
—2163, —2138, —2068,
—1725, —1246

Oct-1: —3021, —2972,
—2463, —2051, —1730,
—1331, —1310, —1154,
—1015, —793, —591, —490,
—411, -232

USF: —2903, —2571, —2432,

—2359, —2337, —879, —561
AP-1: —2627, —2626,
—2456, —2367, —1043,
—841, —482, -204

ER: —2208, —1920, —782,
-109

C/EBP: —2988, —1509
NF-kappaB1: —1598

C/EBPepsilon: —1876
c-Rel: —2058, —1560
c-Jun: —215

PU.1: —2833, —426, —408
C/EBPdelta: —1950

CREB: —2435, —94
MyoD: —-2014, —39
C/EBPbeta: —1617, —11
CRE-BP1: —94

ATF: —95 c-Fos: —1666, —1118 C/
EBPbeta: —1617, —11 PU.1: —2833,
—426, —408

CRE-BP1: —94 GR: —2840, —2746,
—2186, —2163, —2138, 2068,
—1725, —1246 MyoD: —-2014, -39
ATF: —-95

C/EBPalpha: —2963, —2914, —2646,
—2619, —2490, —1851, —1756,
—1714, —1601, —1457, —1323,
—1047, —1000, —874, —614,

—452, —143
E47: -39
Oct-1A: —1598

c-Fos: —1666, —1118

Oct-1: —3021, —2972, —2463, —2051,

—1730, —1331, —1310, —1154,
—1015, —793, —591, —490, —411,
—232

AP-1: —2627, —2626, —2456, —2367,

—1043, —841, —482, —204
ER: —2208, —1920, —782, —109

C/EBP: —2988, —1509

NF-kappaB1: —1598

C/EBPepsilon: —1876 MyoD: —2014,
-39

c-Rel: —2058, —1560

C/EBPbeta: —1617, —11

PU.1: —2833, —426, —408
C/EBPdelta: —1950

CREB: —2435, —94

CRE-BP1: —94

TBP: —2983, —2806, —2528, —663
c-Jun: —215

GR: —2840, —2746, —2186, —2163,
—2138, —2068, —1725, —1246

c-Rel: —2058, —1560

TBP: —2983, —2806,
—2528, —663
c-Rel: —2058, —1560

NF-kappaB1: —1598

ER: —2208, —1920, —782, —109
c-Rel: —2058, —1560 C/EBPbeta:
—1617, —11 CRE-BP1: —94

ATF: —95

C/EBPalpha: —2963, —2914, —2646,
—2619, —2490, —1851, —1756,
—1714, -1601, —1457, —1323,
—1047, —1000, —874, —614, —452,
—143

c-Fos: —1666, —1118

TBP: —2983, —2806, —2528, —663
TBP: —2983, —2806, —2528, —663

C/EBP: —2988, —1509

C/EBPepsilon: —1876

c-Rel: —2058, —1560

C/EBPbeta: —1617, —11

C/EBPdelta: —1950
CRE-BP1: —94

c-Jun: —215
ER: —2208, —1920, —782, —109

extended set of data included the assumption that if there are
interactions known between A-B, A-C, B-D and C-E than a com-
plex may include A-E where D and E are considered part of the first
level extended set.

2.7. Promoter analysis

Sequence information of the promoter region (3050 bp up-
stream of the ATG start site) of the ADORA3 gene transcript was
derived from entry ENST00000241356 of the ENSEMBL database
[17]. This entry is one of nine potential splice variants. It is the
most established splice variant. Transcription factors binding sites
(TRBS) analysis was performed by several programs and results
were compared. The program ALIBABA was chosen for the main
analysis (http://www.gene-regulation.com/pub/programs/alib-
aba2/index.html). The output of TRBS analysis programs is a linear
list of positions. Such TRBS can be found along sequences without
any relevance to actual binding. Binding of factors to appropriate
sites in promoter regions is enhanced by the formation of com-
plex-related interactions. To map possible transcription factors
complexes, we wrote two special programs (transcription factors
cluster and draw Cluster) in the Python programming language

[18]. Transcription factors cluster uses an internal hash structure
containing direct and first level interactions between various tran-
scription factors s with linear data from the transcription factors
analysis program to form transcription factor clusters which are
possible candidates for real transcription factor complexes.

2.8. Statistical analysis

The results were evaluated using the Student’s t-test, with sta-
tistical significance set at p < 0.05. Comparison between the mean
values of different experiments was carried out. All data are re-
ported as mean # SD.

3. Results

3.1. A3AR is highly expressed in PBMCs derived from patients with
autoimmune inflammatory diseases

Based on former studies which showed that AzAR over-expres-
sion in the inflammatory tissues is reflected in the PBMCs, we
looked at the A3AR expression levels in PBMCs from patients with
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RA, psoriasis and Crohn’s disease (n =25 from each disease) and 3.2. Bioinformatics analysis of the AsAR gene promoter

from healthy subjects (n=50). Table 1 depicts patients’

characteristics. Screening of the entire array of transcription factors with rela-
Over-expression of the A3;AR protein was noted in the PBMCs of tion to the ADORA3 gene promoter region revealed meaningful

the three diseases: RA - 1.8 + 0.18-, psoriasis - 3.9 + 0.62-, Crohn’s high scoring transcription factors which are listed in Table 2.

disease — 3.26 + 0.57-fold higher than the level in healthy subjects Mapping of first level interactions clearly enhanced the feasibil-
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units are the mean and SE, p < 0.05.)
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complexes. Several key factors for which binding sites are present
on the ADORA3 gene promoter form a tight network of possible
interactions. This high level of inter-connectivity is over simplified,
as some of the key factors also interact with themselves and with
factors which do not bind to binding sites on the promoter itself. In
addition we present here a representative set of factors with their
interactions: c-fos, c-jun, NF-xB and NF-kB1 (Table 3).

It may be noted that there is an almost complete match be-
tween all first levels extended set transcription factors of c-Fos,
c-Jun and NF-xB1, including those factors among themselves. The
appearance of probable complex forming factors in proximity sup-
ports the assumption on their interplay with each other.

3.3. Molecular mechanism involved with AsAR over-expression

NF-xB and CREB, transcription factors found to interact with the
ADORA3 gene promoter, are known to play a pivotal role in the
pathogenesis of RA, psoriasis and Crohn’s disease (19-24).

A marked increase in the expression levels of NF-kB (pro-
tein) and CREB (mRNA) was noted in the PBMCs of all diseases
compared to that of healthy subjects (Fig. 1B and C). This was
followed by an increase in AsAR expression level (Fig. 1), sug-
gesting a role for NF-xB and CREB in mediating AsAR
transcription.

Analysis of the PI3K-PKB/Akt signaling pathway, known to
regulate both the NF-kB and CREB expression levels and activity

[25-27] was then performed. Up-regulation of PI3K, PKB/Akt and
IkB was observed in PBMCs of the three diseases compared to that
of healthy subjects (Fig. 2A-C).

A support for the role played by the PI3K signaling pathway in
regulating AsAR expression levels came from in vitro experiments
utilizing PHA stimulated PBMCs from healthy subjects. It is well
established that upon mitogenic stimulation, AsAR expression is
up-regulated [12,28]. Indeed, introduction of the PI3K inhibitor
Wartmannin to this system prevented the PHA induced up-regula-
tion of PI3K, PKB/Akt and NF-kB expression levels, resulting in
down-regulation of A3AR (Fig. 3).

4. Discussion

In this study we first show that the A3AR is over-expressed in
PBMCs derived from RA, psoriasis and Crohn’s disease patients in
comparison to low receptor expression in PBMCs from healthy
subjects.

These data raised the question whether AsAR up-regulation is a
manifestation of the inflammatory condition or does it play a role
in mediating disease pathogenesis. Earlier studies showed that
AsAR is up-regulated under hypoxic conditions such as cancer or
inflammation. Receptor up-regulation was found to be attributed
to adenosine, which accumulates in the extra-cellular environment
under stressed conditions, known to regulate the expression of its
own receptors via an autocrine pathway [9,29,30].
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Scheme 1. The pro-inflammatory cytokine TNF-o induces an increase of the PI3K
and PKB/Akt expression levels, resulting in up-regulation of CREB and NF-kB which
translocate to the nucleus to act as A3;AR transcription factors.

To further understand the mechanism involved with receptor
over-expression we performed bioinformatics analysis which dem-
onstrated the presence of c-Rel, MyoD, c-fos, GR, CREB, AP-1,
GATA-1, C/EBP, c-Jun, PU.1 and NF-kB in the ADORA3 gene pro-
moter. Further analysis also revealed possible interactions be-
tween the various transcription factors. Interestingly, most of the
transcription factors identified in the AsAR promoter are known
to promote inflammation and among those we selected to further
analyze NF-xB and CREB, which were reported earlier to play role
in AsAR transcription [19-24,31-37]. In this study, NF-xB and
CREB were found to be up-regulated in the patients’ PBMCs in com-
parison to healthy subjects. It was also noted that the high expres-
sion levels of NF-kB and CREB were associated with up-regulation
in the expression levels of AsAR. The PI3K-PKB/Akt pathway found
to be up-regulated in the PBMCs of all patient groups, is known to
control both NF-xkB and CREB expression levels in different cell
types [25-27].

These data corroborate former studies showing that adenosine
receptor expression levels are controlled by inflammatory cyto-
kines such as TNF-a. In PHA stimulated PBMCs from healthy sub-
jects, AsAR over-expression was attributed to an increase in TNF-
o and Interleukin-2 expression levels. Upon neutralization of these
two inflammatory cytokines by monoclonal antibodies, receptor
expression levels returned to control values [12]. It thus seems that
via an autocrine pathway TNF-o, which is up-regulated in the
inflammatory microenvironment and PBMCs, binds to its receptor,
thereby activating the PI3K-PKB/Akt pathway. This chain of events
result in up-regulation of CREB and NF-kB, which subsequently in-
crease the expression levels of AsAR (Scheme 1).

A support for this hypothesis came from in vitro data of the
present study showing that in PHA stimulated PBMCs, PI3K and
PKB/Akt were up-regulated followed by an increase in AsAR
expression levels. A specific PI3K inhibitor reversed PKB/Akt, NF-
kB and A3;AR expression levels to control values, demonstrating
the role of this pathway in mediating AsAR expression levels.

Taken together, A3AR up-regulation is most probably a result of
the inflammatory condition and is not involved with disease path-
ogenesis. A support for this hypothesis came from recent data of a
Phase Ila clinical study in rheumatoid arthritis patients. AsAR
expression levels were analyzed at base line, prior to treatment
with the CF101 drug, an AsAR agonist. A statistically significant di-
rect correlation between receptor expression prior to treatment
and patient response to the drug was observed, demonstrating that
patients with high receptor expression at base line responded pos-
itively to the drug [14]. Therefore, A;AR may be suggested as a bio-
logical predictive marker in autoimmune inflammatory diseases.
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