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ABBREVIATIONS

Pathologies:
OA: osteoatrthritis

RA: rheumatoid arthritis

Drugs:
NSAIDs: nonsteroidal anti-inflammatory drugs

Cell types
SFs: Synovial fibroblasts (sometimes referred als&8F)

bSFs: bovine synovial fibroblasts

hSFs: human synovial fibroblasts

Inflammation and matrix degradation related molesur genes:
IL-18: Interleukin-B

TNF-a: Tumor Necrosis Factat-

IL-6: Interleukin-6

PGE-2: Prostaglandin E-2

COX-2: Cyclooxygenase-2

NO: Nitric Oxide

MMP(s): Metalloproteinase(s)

Adenosine analogs and related compounds:

CHA: N6-cyclohexyladenosine

NECA: 5'-N-ethylcarboxamidoadenosine

CGS 21680: 2¢-(2-carboxyethyl)-phenetyl-amino]-®-ethylcarboxamidoadenosine
Cl-IB-MECA: N6-(3-iodobenzyl)2-chloroadenosine{S4methyluronamide

ADA: Adenosine deaminase

Methodologies/pulsed electromagnetic fields expssur

ELISA: enzyme-linked immuno-sorbent assay
RT-PCR: Reverse Transcriptase Polymerase ChaintiBeac
PEMF(s): Pulsed electromagnetic field(s)
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INTRODUCTION

.1 THE JOINT STRUCTURE AND THE SYNOVIAL FIBROBLAST(SF) ROLE IN THE
HEALTHY ARTICULAR ENVIRONMENT

The main role of the skeletal apparatus is to sust@ body, moreover this feature is accompanied
to the movement ability. The joints are present he/o bones take contact. The contact can be
direct or mediated by fibrous tissue, cartilagesygmnovial fluid. Each joint in the human body is
specific for a particular movement and a wide seofespecialized structures such as bone surfaces,
cartilages, ligaments, tendons and muscles comérifouthe final movement.

The joints are functionally classified on the bagistheir ability to move: immobile joints are
named synarthrosis, partially mobile joints are dahgphiarthrosis and a completely mobile joints is
named diarthrosis.

The mobile joints, or diarthrosis, are named algoosial joints and allow a great range of
movement; they are normally present at the longebaxtremity. The elbow, the ankle, the knee,
the rib, the wrist, the shoulder and the hip joiuts typical examples of diarthrosidrtini et al.
2009.

Normally the bone extremities present in the jaané covered by the articular cartilage. The
articular cartilage main functions are to adsoddghocks and to reduce the friction.

In Figure 1 is represented a typical diarthrosiotjstructure.
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Figure 1: Synovial joint typical structure. As araenple is reported a knee joint. The figure is

from: www.nytimes.com/.../adam/19698Synovialflardlh

The synovial joint is surrounded by an articulgpstde composed by dense connective tissue. The
articular cavity is covered by a synovial membramenposed by loose connective tissue and
protrudes into the articular space between thedwtigular cartilages, as represented in Figure 2
(A).

The synovial thin layer histological features anewsn in Figure 2 (B): the epithelium is cuboidal to
low cuboidal and covers a loose connective tisemaining a rich plexus of small blood vessels.
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Figure 2: Synovial membrane histological represénta(A). Under the cuboidal epithelium, the
loose connective tissue contains numerous bloodselees(B). These images are from:

neuromedia.neurobio.ucla.edu/campbell/bone/wp.html.

This specialized structure produces the synoviat ffuelling the articular cavity. Synovial fluid
has principally three functiond/@rtini et al. 2003:

-Lubrication: when the articular cartilage is coegsed the thin layer of synovial fluid reduces the
frictions between the articular surfaces. The aldiccartilage acts as a sponge: when the movement
is finished, the fluid return in the previous pasit

-Chondrocytes nourishment: in a synovial joint 3 ahlsynovial fluid are normally present. This
relatively poor amount of liquid is continuouslyeled to eliminate the catabolytes produced from
the articular chondrocytes and enriched of nutsiefithe synovial fluid circulates during the
articular movement; in fact the articular cartilagmmpression and re-expansion pump the synovial
fluid inside and outside of cartilage matrix.

-Amortization: the synovial fluid adsorbs articulauma. To give an example, the hip, the knee
and the ankle are very compressed during the wadk above all during the run. The pressure
increase generated during the movement is dampettgho the synovial fluid, which redistributes

uniformly the pressure on the articular surface.



There are principally three types of synovial ceftsgacrophages, fibroblasts and dendritic cells
(Burmester at al. 1983 Synovial fibroblasts (SFs) are the most impdrteglls present in the
synovial layer and play key roles in normal embsemgsis and mature joint functions. During
development, it is the SF that forms the main el@noé the embryonic joint tissue and that, in
response to hyaluronic acid and other signals nsemi define the joint space and capsileeles et

al 2009. In the healthy adult joint, the SF performs sal/éunctions. As the primary stromal cell
of the joint, the SF appears responsible for tleepction of collagen and other connective tissue
molecules that form and maintain the joint capstitee SF is also the main cell involved in the
secretion of hyaluronic acid and other molecule® ithe joint space itself, thus providing
lubrication to the joint surface as well as sigimgllfunctions to the joint tissues. Healthy SF are
also likely to secrete controlled amounts of enzynsich as matrix metalloproteinases (MMPS),
that have the ability to digest connective tissog presumably maintain the structure and flexipilit

of the joint capsule through remodellifgdr et al. 2005%.

.2 OSTEOARTHRITIS, A COMPLEX ARTICULAR PATHOLOGY:MAIN CLINICAL
CHARACTERISTICS, RISK FACTORS AND POSSIBLE GENETIMPLICATIONS

The healthy joint requires a fine-tuned balancevbeh molecular signals that regulate homeostasis,
damage, restoration, and remodelling of the tisstiesneostatic processes ensure the adaptive
maintenance of tissue integrity and functibories 2008. The balance is determined at the level of
the individual cells, of the tissue architectuned @f the interactions between different tissuethen
joint organ, notably articular cartilage, synoviuand bone.

Osteoarthritis (OA) is a severe progressive ariiculisease and represents the most widespread
cause of physical morbidity and impaired qualitylifef of a rapidly growing number of patients all
over the world. The OA disease process is reprageatof a seriously imbalanced conditions of
the articular components: in fact OA affects nadtydhe cartilage but also the entire joint struetur
including the synovial membrane, bone, ligaments@ariarticular muscles.

A majority of individuals over the age of 65 havadiographic and/or clinical evidence of
osteoarthritis. The most frequently affected satesthe hands, knees, hips, and spine. Importantly,
the symptoms are often associated with signifidanttional impairment, as well as signs and

symptoms of inflammation, including pain, stiffneaad loss of mobilityKelson 200%



By a clinical point of view, the OA cartilage lea®are divided into four different categories oa th
basis of the “Outerbrige parameters” (e.g. dimamstaepth and erosions scores): type I-1l lesions
are typical of early OA stages and are normallf+sgllaced with firbocartilagineous tissue; on the
other hand type llI-1V lesions have not spontaneoeeling and often drive to a complete articular
surface degeneratioBckwalter et al. 1990 Further, a typical characteristic in OA is thregence

of synovial pannus, which is an aberrant synoviaimbrane proliferation invading the articular
cavity. In a recent study, OA and rheumatoid atithrffRA) pannus characteristics have been
identified and it has been established that RA @#d pannus have similar histological and
cytological features, as well as an analogous mpilernmatory cytokine profile expression
(Furuzawa-Carballeda et al. 2008

Although the real pathophysiological events origim OA have not yet been established, several
risk factors in driving the pathology progressicavé been identified: aging, obesity and female
gender, are often referred as the main risk factorgributing to OA outcomesEfglund and
Lohmander 200¢

Also structural conditions, not necessarily coneddb the patient age, have been widely revised in
the onset and/or in the OA progression, and iniqdar meniscus lesions, subchondral bone
oedema, articular misalignment driving to abnormaichanical charge on the joint and synovitis
(Lane et al. 1993; Sharma et al. 1999; Felson e2@04; Brandt et al. 2006; Martel-Pelletier at al.
2009.

Finally, although genetic factors that may cause @@ not yet fully understood, there are several
lines of evidence indicating that genetic abnortiesican result in earlier onset of O¥aldes et

al. 2009. Candidate gene studies and genome-wide linkaglyses have revealed polymorphisms
or mutations in genes encoding ECM (e.g.: Typenid &X collagen, aggrecan) and signalling
molecules (e.g.: IL-1 gene cluster, COX-2) that nagermine susceptibility to OALGughlin
2005; Valdes et al. 2007

All these possible risk factors are thought toipgrate in creating the most important OA features:
the cartilage alterations, due to the impaired dnocytes functions, and the general status of
inflammation, driven also by the altered behaviolusynovial fibroblasts.

While many disease modifying therapies are avaldbli the more aggressive and inflammatory
arthritis syndromes, such as rheumatoid arthispgcialists treating OA are limited to taking care
of patients symptomatically and supportively, witle ability to alter its disease course; theyonl

solution for the patient is often a total joint lsgement surgerySamuels et al.2008



In last past two decades, several techniques fmubar cartilage lesion treatment have been used:
drilling, abrasions and microfracture are refereedrepairing techniques; osteochondral massive
transplantation, mosaicoplastic, perichondrium arigstium transplantation and autologous
chondrocytes transplantation are reported as regtmg techniquesMarcacci et al. 2008

Historically, medical therapy of OA has been dieecto the treatment of signs and symptoms,
mainly with the simple use of analgesics, such e@staminophen, and the nonsteroidal anti-
inflammatory drugs (NSAIDs). NSAIDs, including t#X-2 selective agents, are among the most
widely prescribed drugs worldwide, but gastrointedt cardiovascular and renal effects have
limited their use in many patients. Adjunctive tyges have included intra-articular injections of
corticosteroids and hyaluronans, which provide spmatic benefit in selected patienfsh(amson
and Yazici 2006



.3 INFLAMMATION IN OA: SFs AND CHODROCYTES ROLE

As previously cited, the OA pathophysiology invaveot only the breakdown of articular cartilage,
but changes in the bone and synovium as well. Ticha®mges are believed to be related to a
complex network of biochemical pathways, which iivgle the diffusion of catabolic factors and
cytokines between the different joint tissues t® tartilage. There is evidence that the molecular
cross-talk between the above tissues is an integeahent of the disease pathogeneBlar(el-
Pelletier et al. 2006.; Pelletier et al. 2006-igure 3 illustrates the complex pathways inedhmn

OA development.
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Figure 3: Molecular pathogenesis of osteoarthritis. Potenb@markers and targets for disease
modification are released as a result of eventgartilage, bone, and synovium. Image adapted
from: Samuels et al. Osteoarthritis: a tale of thtessues. Bull NYU Hosp Jt Dis. 2008;66: 245.

It is now thought that much of the cytokine exprassgs initially derived by the synovium, and
predominantly from the synovial macrophages whictvedthe inflammatory and destructive
responses in OABondeson et al. 2006These cytokines are thought to stimulate thendhacytes
and SFs to synthesize further cytokines as wethaisix degrading proteases.

The articular chondrocyte is central to the altarextabolism of the joint, by undergoing to a series

of complex changes, including hypertrophy, proitesn, catabolic alterations and apoptosis.



Many of these changes are induced by cytokinessaimids and reactive oxidant species produced
by the chondrocytes themselves, which are key gooiiats in the autodestruction of articular
cartilage Belcher et al. 1997;Pelletier et al. 2001; Aigné¢raé 2003.

The relationship between the increased levels tdbodic enzymes and inflammatory mediators
such as Prostaglandins and Nitric Oxide (NO) amrdeliels of IL-B TNF-a in OA synovial fluids
and joint tissue is well documenté€@oldring and Berenbaum 20P4Although the mechanism by
which production of inflammatory mediators by thecnuited macrophages in the articular
environment is initiated remains unclear; abnormathanical and oxidative stresses are probably
involved Goldring and Goldring 200)7 Figure 4gives a schematic representation of the imbalance
of cytokine network in OA, driving to the cartilageatrix degradation.

IL-1B is synthesized by chondrocytes at concentratioasare capable of inducing the expression
of degrading extracellular matrix enzymes, suchmasalloproteinases (MMPs) and aggrecanases
(ADAMTS), and it colocalizes with TNlk; MMP-1, MMP-3, MMP-8 and MMP-13, and type Il
collagen cleavage epitopes in regions of matridetam in OA cartilage Tetlow et al., 2001; Wu

et al., 2002. In particular the main MMP involved in OA is MME3 thanks to its ability to more
effectively degrade type Il collageR¢lletier et al. 200). In addition to inducing the synthesis of
MMPs and other proteinases by chondrocytes, fLehd TNFe increase the synthesis of
prostaglandin E2 (PGE-2) by stimulating the expagssr activity of cyclooxygenase-2 (COX-2);
further they up-regulate the production of NO wumalucible nitric oxide synthetase. Il3-lalso
induces other proinflammatory cytokines such as6lland chemokines, including IL-8, and
suppresses the expression of a number of genesiassowith the differentiated chondrocyte
phenotype Goldring and Berenbaum 2004; Goldring and Goldr@04).
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Figure 4: The cytokine imbalance in osteoarthritis.
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Although there remains debate regarding the esderdle of synovial inflammation in OA,
synovitis involving infiltration of activated B dsland T lymphocytes and overexpression of pro-
inflammatory mediators is common in early and l@# (Benito et al. 200b Indeed chondrocytes
are thought to be the main cells in OA pathogenésisiever several evidences indicate that also
SFs play an important role in driving OA by an eased proliferation and the secretion of a wide
range of pro-inflammatory mediators, including ¢&ytes, growth factors, and lipid mediators of
inflammation.

Similar activities are displayed by SFs in RA, dahpdogy in which they play a central role in
driving the articular inflammatiorMoulton 1996; Miller-Ladner et al. 2005; Abeles dplillinger
2006; Christodoulou and Choy 2006

The inflammatory activities of SFs are thought émtcibute in deregulating chondrocyte functions,
favouring an imbalance between catabolic and ai@hbotivities {oeser 2008 Figure 5 highlights
the inflammatory role of SFs and the complex cytekiinteraction that contribute to OA
pathogenesis.
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Figure 5:Inflammatory role driven by SFs.
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Among the inflammatory factors released by SFs, gieinflammatory cytokine IL plays a
central role in OA pathophysiology and aetiologgr( den Berg et al. 1998artel- Pelletier et al.
1999 Goldring and Goldring 2004; Martel-Pelletier et &006.

Interleukin-33, the major isoform produced in human tissuesyrghesized as 31-kD pro-ILBl
that is devoid of signal sequence and is releaseatieal7.5-kD active form after cleavage by R-1
converting enzyme (ICE, or caspaseAjion 1998. IL-1p activity is mediated by its binding only
to the type I IL-1 receptor (IL1-RI) belonging tioet Toll-like receptor family, with the induction of
multiple phosphorylation-dependent signalling padkigvthat regulate gene expression.

These pathways include the serine-threonine kinafsé® MAP kinase family and NF-kB cascades

(Pope and Tschopp 20D1n Figure 6, is represented the classical ILlathpray.
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Figure 6: IL-1 pathway. Image from: www.ambion.ctwaols/pathway/pathway.php?path.
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Another crucial cytokine released by SFs is TaNRvhich is synthesized as an active precursor that
is cleaved by the TNF-converting enzyme (TACE),ember of the ADAM family. The proteolytic
cleavage of the extracellular domains of the TNEepgors results in generation of the soluble
receptors, sTNF-R55 and sTNF-R75. Both are produspdntaneously by OA SFs and
chondrocytes, but sTNF-R75 is released at higheeldeby these cells. Further STNF-R75 is
localized in cells at sites of focal loss of praimans in OA cartilageQGoldring 1999; Martel-
Pelletier 1999 and 2006 TNF-signal transduction pathways are complex atii not fully
understood. Regulation of the transcription fadié-kB is a key component of TNé&-signal
transduction, but p38 MAPK and JNK are also invdl{@radley 2008, as represented in Figure 7.

TNF Signaling Pathway

FNFOL
'
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(& Applied
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Figure 7: TNFe pathway. Image from: www.ambion.com/tools/pathpaiyway.php?path.

TNF-a contributes to the articular disease pathophygioloy stimulating its own production and

inducing chondrocytes to produce additional inflasbony mediators, such as NO, and a variety of

eicosanoids, in particular prostaglandin E-2 (PGB leukotriene B4 (LTB4van de Loo et al.

1995. Worth of note, in cultured OA SFs, TNFean stimulate a great series of inflammation-

related molecules (e.g.: ILBLIL-6, IL-8, GMCSF, IL-10, IFNy, PGE-2) and induce the release of

some MMPs such as MMP-1 and MMP-T3a6tor et al. 1997; Goldring 2000; Fuchs et al. 2D0
-12 -



In addition, TNFe can synergize with other inflammatory moleculeshsas IL-8, and potentiate
TNF-a induced PGE-2 production in OA SFA4daeddine at al. 1999

Prostaglandines (PGs) are members of the eicos&mwitly (oxygenated C20 fatty acids) and are
produced by nearly all cells within the bodynfith 1989 Prostaglandins are lipid mediators that
are not stored by cells; rather, they are syntleesizom arachidonic acid via the actions of
cyclooxygenase (COX) enzymes, either constitutivetyin response to cell-specific trauma,
stimuli, or signalling moleculesSgnith 1989; Berembaum 2000; Funk 2Pp0lhe most abundant
prostanoid in the human body is PGES2rhan and Levy 2003

In Figure 8is schematized the PGE-2 production pathway. P@Es¥nthesized from arachidonic
acid, a polyunsaturated fatty acid derived frontadiye sources that resides in the cell membrane. In
stimulated inflamed cells, the constitutively praisén the cytosol phospholipase;Aenzyme
(cPLAy,) translocates to the nuclear membrane, wherezyreatically releases arachidonic acid.
Inflammatory stimuli also induce the transcriptiammd protein expression of both cyclooxygenase-2
(COX-2) and microsomal prostaglandin Esynthase-RGES-1) enzymes at the nuclear membrane
and endoplasmic reticulum. COX-2 transforms aramtiicl acid to PGG-2 which is subsequently
converted to PGH-2. mPGES-1 may then act on PGhigemnerate PGE-2. PGE-2 may exit the cell
by simple diffusion, or by active transpoRatk et al. 200%

| / Nucleus
f | Genes for COX-2 :E—;?
m ;  & !

PGES-1

Figure 8 PGE-2 pathway production in inflamed cell.
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PGE-2 is a key mediator of inflammation and paitbhath OA Hardy et al. 2002; Martel-Pelletier
et al. 2009 and RA Bomardier et al. 1981

Several studies in OA SFs show that PGE-2 playen&ra role among the others pro-inflammatory
molecules which are involved in the inflammatoryhweaay. In fact, in SFs cultured in the presence
of IL-18, PGE-2 acts as a modulator of related-inflammadéictivities such as the proliferation of
inflammatory cells, and regulates the release le¢rotytokines, in particular IL-8r{oue et al. 2001
and 20032. In addition, in OA SFs cultured in the present@NF-o, PGE-2 release is modulated
also by anti-inflammatory cytokines such as IL-Rlageddine et al. 1999Further, in human OA
synovial tissue explants, eicosanoinds and paaityuPGE-2 seem to strictly regulate both Ig-1
and TNFea releaselfe at al. 2002

All the complex cytokine network taking part in Quathophysiology, and all molecules produced
by SFs have an effect on the release of the samecuates or of other inflammatory-related
molecules and matrix degradation enzymes by aaiicahondrocytes. The cross-talk between
cartilage and synovium, and between these tissdetaunderlying boneBertolini et al. 1986;
Abramson and Yazici 20P&ontributes to maintain and auto-induce the mfieatory status

typically present in OA.
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.4 ADENOSINE: A NATURAL, PONTENT ANTINFLAMMATORY MEDIATOR

The purine nucleoside adenosine is present in aladogssue and cells and its formation is closely
related to the energy consumption of the cell. Adame is produced from adenosine 5'-
monophosphate (AMP) by the action of 5’nucleotidaseyme and is metabolized by deamination
or phosphorylation, via adenosine deaminase (ADAJ adenosine kinase (AK), respectively
(Schulte and Fredholm 20P3The molecular structure of adenosine is reptesem Figure 9.
Adenosine acts as a potent endogenous inhibitanflammatory processes in several tissue and
cells. To cite few, adenosine has been demonsttatedgulate mast cell-degranulationnden
1994; Marquardt 1998 to diminish TNFe. and IL-6 expression in human macrophages and rat
cardiomyocytesBouma et al. 1994; Wagner et al. 1998 modulate the release of cAMP and
superoxide anion products in human neutrophilstdihe0 cell line (Varani et al. 2003-A; Gessi
et al. 2002 and 2004

Adenosine can interact with four G-coupled receptdstypes: Al, A2A, A2B and A3. Classically
G protein are defined as etherotrimeric proteirth Wiree subunitsi, B andy. The first discovered
and more widely studied adenosine/G protein pathwaylves the adenylate cyclase modulation.
Inactive a subunit of G proteins is linked to GDP. When ad@m® binds to a specific receptor
subtype, GDP is converted to GTP dig complex dissociates from-GTP complex which can
exert its interaction with adenylate cyclase enzymgubunit is also able to idrolize GTP to GDP,

thanks to its intrinsic GTPase activity, which ieda its reunion t@-y complex.

HoN

HO N =N
¢ f

o N N7

OH OH

Figure 9:adenosine chemical structure.
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Figure 10summarizes the different adenosine receptor cogippbrthe adenylate cyclase enzyme.
A2A and A2B receptors are positively coupled toradate cyclase via Gs stimulatory proteins,
which lead to an increase of CAMP second messefagaration. On the contrary, A1 and A3
receptor are negatively coupled to adenylate cgolés Gi inhibitory proteins, leading to a decrease
in cAMP levels(Fredholm et al. 20011

Adenosine
. - R (. - B " I
G | G | G S G S
Adenylate PE— I
cyclase 2
(‘ Stimulation
ATP cAMP

Figure 10:Adenosine receptor coupling to the classic aderytgtlase pathway.

Adenosine and its receptors have been recentlylMadoin the regulation of inflammatory
processes related to OA.

Specifically, in equine chondrocytes cultured introvi and stimulated with IL-1 or
lypopolisaccharide (LPS) some authors have showanthie activation of A2A adenosine receptors
by specific agonists, such as NECA, can inhibitlamimatory activities. In particular both
endogenous adenosine and A2 receptors have bedicatag in the decrease of inflammation-
induced NO releasd3énton et al. 2002; Tesch et al. 2D0ORurther, in cartilage explants Tesch and
collaborators have demonstrated that adenosinevpgtitan modulate cartilage homeostasis. In
fact, PGE-2, NO and glicosaminoglycan release wieceeased in cultured explants exposed to

ADA, which was used to deplete endogenous adenosine
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Further they showed that DPMA, a selective A2A ptoeadenosine analog, inhibited the release
of these molecules, indicating the involvement &AAreceptor in anti-inflammatory activities
(Tesch et al. 2004 Similar results, in the same in vitro model, &vebtained by using ITU, a
specific adenosine kinase inhibitor, which inhikaidenosine degradation, in the presence of pro-
inflammatory stimuli. In particular, ITU was able inhibit pro-inflammatory-induced PGE-2, NO
and glicosaminoglycan releadeetrov et al. 2006

Moreover adenosine pathway involvement has beemdsimated in several in vivmodels. In a rat
adjuvant-induced arthritis (AIA) model, spinal iof®n with CHA, a specific A1 adenosine
receptor analog, significantly decreased inflammpatarameters and the impairment of cartilage
and boneBoyle et al. 200R In a septic arthrosis model created by Stapbdouas aureus injection
in rabbit knee, the treatment with ATL146e, a sfie@d2A adenosine receptor agonist, induced a
diminished loss of cartilage, synovial inflammatiamd white blood cell infiltration with respect to
arthrosic controls animal€phen et al. 2004 and 2003More recently, Fishman and collaborators
demonstrated an A3 adenosine receptor involvenre#tlA rat model treated with the selective
adenosine analog IB-MECA: clinical and pathologisabre of the disease were found to be
reduced with respect to IB-MECA-untreated contmoinaals Fishman et al. 2006 All of these
data indicate that adenosine may protect agairistites, acting, at least in part, by modulating
chondrocytes activity.

On the contrary, very few data are reported indiire about the adenosine role in SFs, although
some studies suggest that adenosine may targab8Fm fact the adenosine A2 receptor agonist
NECA was found to reduce MMPs stimulation in cudaiiSFs in the presence of IB-(Boyle et al.
1996. Nakamachi and collaborators performed a studyhith ADA activity was analysed in OA
and RA synovial fluids. This activity was found ke increased both in OA and RA, suggesting a
link among the adenosine pathway and these patiesidyakamachi et al. 2003 In a recent
comparative study, a novel A3 adenosine receptoniag named CF502 was found to reduce
clinical manifestations in AlA rat models and regfel signalling inflammation pathway in cultured
RA SFs QOchaion et al. 2008

On the basis of the above observations and of ¢ke of SFs to elicit and to maintain joint
inflammation, one of the purpose of this study washaracterize by a pharmacological point of
view adenosine receptor subtypes in SFs and tostigate their potential anti-inflammatory

activity.
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1.5 PULSED ELECTROMAGNETIC FIELDS (PEMEs) AS AN usBL
ANTIINFLAMMATORY BIOPHYSICAL STIMULUS IN OSTEOARTICULAR
PATHOLOGIES

Biophysical stimulation with low-energy and low-frgency pulsed electromagnetic fields (PEMFs)
has been documented displaying several positieetsfin different tissue and cell types.

Some studies suggest an anti-inflammatory roleEWP-stimulation in several animal and human
cell models. In particular, PEMFs inhibit TNFrelease in peripheral blood human cellsn@ai et
al. 1999 and reduce ILfi and IL-6 levels by inducing a simultaneous inceead anti-
inflammatory cytokines such as IL-4 and IL-@Hhuian et al. 200p Further PEMFs were able to
down-regulate INOS production and expression in &munmmonocytes Reale et al. 2006 to
stimulate angiogenesis contributing to the healimyind (Tepper et al. 2004and to inhibit the
inflammatory process and reduce chemokine reldaseuring cell proliferation in keratinocytes
and inhibiting the inflammatory procesgiénale et al. 2008

Several previous studies have been focused on fieete of PEMFs in articular cells, mainly
chondrocytes and osteoblasts. In vivo studies inhave shown that PEMFs can stimulate
chondrogenesis and endochondral ossificatidargn et al. 2002 and regulate chondrocyte
differentiation and expression of matrix proteif@@ombor et al. 2002; Bobacz et al. 200
addition, the results ah vitro studies have identified several cellulffieets mediated by PEMFs.
In particular, it has been reported that PEMFsstanulate cell proliferation and DNA synthesis in
human articular chondrocytes from OA patiefte4zetti et a. 1999; De Mattei et al. 2p01

Further, PEMF effects were studied also in bovirtecwdar cartilage explants cultured in vitro
showing that, in the presence of IB;1PEMF stimulation induced a significant increase i
proteoglycan synthesis, thus counteracting thekaygocatabolic effect activityDe Matttei et al
2003. Moreover PEMFs were able to act in concert WiB+-I in stimulating proteoglycan
synthesis, mediating their effect through cell-nxainteraction De Mattei et al. 2004 Recently,
De Mattei and collaborators have also investigabedeffects of PEMFs with different amplitude,
frequency and length signal, identifying the fieldsaracteristics which are able to exert the
maximal chondroprotective effedd¢ Mattei et al. 2007

In addition, chondroprotective activities of PEMRave been demonstrated in viwo Dunkin
Hartley Guinea pig animal model, that bears morpdjchl, biochemical and immunohistochemical
similarities to human OA. PEMF exposure preservetl morphology and decreased matrix

degradation enzyme levels in this animal mo@&bihbor et al. 2008
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Further studies on this model were performed byi Bimd collaborators showing that PEMF
stimulation was able to exert a chondroprotectiffece also in the presence of severe cartilage
lesions, improving histological and histochemicadres and slowing the progression of OA versus
untreated control animalg-ifii et al. 2005 and 2008 Moreover, PEMF treatment was able to
favour the integration of osteochondral autogmaflants in sheep. Interestingly this was associated
to a decrease observed in IB-Bnd TNFe levels in synovial fluid of PEMF-treated sheep
compared to untreated controls, indicating a roleHEMFs in reducing inflammatory cytokines
and create a suitable articular environment foriri@ant grafts Benazzo et al. 2008

PEMF stimulation is still under investigation foseu in patients with OA Schnitzer 2002
However, even if different physical parameters axgosure times of stimulation were used,
positive results were obtained in several clingtaldies. In a double-blind randomized clinicalltria
patients with primary knee OA were evaluated afed#nt time points for pain level, joint motion
and tenderness. The actively treated group with P&Ebhowed a significant improvement for each
variable at each experimental poiffirgck et al. 19941 Another research group performed a
randomized, double-blind, placebo-controlled stadythe efficacy of PEMF stimulation in patients
with symptomatic knee OA. At 6 weeks, follow-up ebsation in patients showed a significant
improvement in the treated group with regards tm @ad disability Pipitone and Scott 2001
Also other clinical studies showed that PEMF stitioh was safe, reduced impairment activities
of daily life and improved knee function in patientith chronic knee pain due to OAatobson et

al. 2001; Nicolakis at al. 2002In a more recent pilot, randomized, prospectimd double-blind
study, PEMF effect was evaluated in patients urmlaggarthroscopic treatment of knee cartilage.
PEMF exposure improved significantly clinical scome patients, also after a follow-up of 3 years
and the percentage of patients who used NSAIDsdmtw5 and 90 day after the surgery was
significantly reduced in PEMF-exposed patient greapsus the unexposed control grodprgi et

al. 2007.

Altogether results of previous in vitro and in vistudies indicate that PEMF can stimulate anabolic
activities in cartilage, suggesting that they magrea potential anti-inflammatory role.

In addition, previous studies performed in humautrophils have demonstrated that PEMFs can
evoke a specific up-regulation of A2A and A3 adémeseceptors. This suggests that biophysical
stimulation may have anti-inflammatory activitiesdmted through specific adenosine receptor
subtypes¥arani et al. 2002 and 2003}A

On the above observations, in this study we ainmeednvestigate a possible functional anti-
inflammatory role of PEMFs in modulating inflammatevents in SFs and to elucidate if exists a

possible connection between adenosine pathwayhendEMF action way.

-19 -



MATERIALS AND METHODS

II.1 SF CULTURES

Bovine SFs were obtained by culture of the bovigeosial fluid, aspirated from metacarpo-
phalangeal joints (Figure 11) of 14-18-month-oldinaals (Limousine breed), as previously
described $tebulis et al. 2005 Briefly, synovial fluid was aspirated from theetacarpo-
phalangeal joints by a syringe. Then, fresh syddiuéd was diluted 1:4 with complete medium:
Dulbecco’s modified Eagle’s/Ham’s F12 (1:1) medigpMEM/F12) (Gibco-Invitrogen, Paisley,
UK) supplemented with 10% foetal bovine serum (FB®&Y antibiotics (penicillin 100 U/ml,
streptomycin 0.1 mg/ml) (Gibco-Invitrogen, Paisl&K) . The obtained suspension was plated in
25 cnf culture flasks (Falcon, Becton Dikinson and Comypdfranklin Lakes, NJ, USA). After 3
hours, medium was removed and fresh complete meavas added to the flasks. Cells were
maintained in culture and re-expanded when reaactonguence. Bovine synovial cells at the third

and fourth passages were used in all experiments.

Figure 11:Metacarpo-phalangeal bovine joint. The synoviaidlwas aspirated by a syringe from

the joint.
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Human SFs were isolated from synovial pannus deérk@n six OA patients who underwent total
hip or knee joint arthroplasty (Figure 12). Thees&td patients fulfilled the American College of
Rheumatology criteria for OA diagnosis. In partarulvere evaluated some physical parameters (e.
g.: joint swelling, tenderness and pain, decreaaede of motion in joint, crepitus, pattern of athe
eventually affected joints) and the X-ray or MRBrsis. The mean age of patients was 67+ 9 years
(two males and four females). All studies had ethapproval from the local ethic committee and

informed consent was obtained from patients whempses were taken.

Figure 12:Synovial pannus isolation during knee arthroplagtiyie arrow indicates the synovial

pannus.

Synovial pannus was minced with a scalpel; thegsexbtained were abundantly washed in Earle
saline solution and antibiotic and then were diggsh 0,25% trypsin, 0,02% EDTA solution for at
least six hours. The cell suspension obtained Wtaseld trough a sterile gauze and centrifuged at
16Qg. The pellet was resuspended in complete medium.nbin-adherent cells were discarded after
overnight incubation, and the plated cells wereseth in Earle saline solution and cultured in
complete medium in a 5% GQ@7°C incubator. Human synovial cells at the thiadgage were used

in all experiments.
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1.2 IMMUNOFLUORESCENCE STAINING

Both bovine and human SFs were characterized byumoffuorescence staining with vimentin, a
marker for mesenchymal cellggragarin at al. 200%. SFs were fixed with cold methanol, washed
with phosphate-buffered saline (PBS) and incubatgld the primary monoclonal antibody (mAb)
for the human vimentin (Sigma-Aldrich, Italy) a0 dilution for 1 hours at 37°C. Washed slides
were then incubated with a secondary fluoresceathiscyanate-conjugated goat anti-mouse
antibody for 1 hours at 37°C in the dark. Nucleravstained with the DNA dye, 4’,6-diamidino-2-
phenylindole (DAPI) (0.1 mg/ml in PBS ethylene giy¢tetraacetic acid (EGTA)) for 10 minutes.
Both secondary antibody and DAPI were from Sigmdrigh S.r.l. (Milan, Italy). Fluorescence
was visualized using the Nikon Eclipse TE 2000-Eroscope (Nikon Instruments Spa, Italy)
equipped with a digital camera (DXM 1200F).

II.3 RT-PCR

CD14 and COX-2 expression in SF cultures was adgséye RT-PCR. CD14 expression was
evaluated to exclude any contamination by macrogphag SF cultures. COX-2 expression was
evaluated to investigate adenosine and PEMF rtdegaor combined. Total RNA extraction was
performed by a commercial kit (RNeasy Kit, QiagPeutschland). RNA conversion to cDNA was
performed by the kit Superscrifft First-Strand Synthesis System (Invitrogen, USA).
Oligonucleotide  primers  for CD14 were  dp5-CTGGAAGGGCG-3; rps’-
AGCTGAGCAGGAACCTGTGC-3 and oligonucleotides for ygeraldehydes 3-phosphate
dehydrogenase (GAPDH) were dp5’-TGGCATCGTGGAGGGABTI3 rps’-
GACTTCAACAGCGACACTCAC-3'. Sequences were selectecmplify both human and bovine
genome. Oligonucleotides for COX-2 were dp5-TCCAGBRACATTTGATTGACA-3’; rp5'’-
TCTTTGACTGTGGGAGGATACA-3* Woclawek-Potocka et al. 2005 Oligonucleotides
sequences were from separate exons to exclude geliwh contaminations. Two microliters of
cDNA were amplified by the specific oligonucleotigets; PCR reactions were performed in a total
volume of 25ul containing 1 U Tag DNA polymerase (Roche Moleci#ochemicals, Indiana,
USA), 25 pmol of each primer, 2QOM deoxynucleotide triphosphates (ANTPs) in 1X PQRdy
(10 mM Tris, pH 8.3, 50 mM KClI, 1.5 mM Mggl

-22 -



Cycling parameters were: 1 minute at 94°C; 1 miraitéhe specific annealing temperature (55°C
for CD14, 61°C for GAPDH, 60°C for COX-2); and 1mate at 72°C. PCR product sizes were 403
bp for CD14, 370 bp for GAPDH and 450 bp for COXP2imer sequences, cycling parameters and
PCR product sizes are summarized in Table 1. mRiA fhuman macrophages was used as a
positive control for CD14 expression. PCR prodweese analyzed on 1.5% agarose gel, stained

with ethidium bromide and visualized under UV.

PCR
PRIMERS PRODUCT | DENATURATION |ANNEALING |[EXTENSION
SIZES
CD14
dp5'-CTGGAAGCCGGCG-3’ 403bp 1" at 94°C 1"at 55°C| 1’ at 72°C
rp5'-AGCTGAGCAGGAACCTGTGC-3'
GAPDH
dp5-TGGCAT CGTGGAGGGACTTAT-3'| 370bp 1’ at 94°C 1'at61°C| 1’ at 72°C
rp5-GACTTCAACAGCGACACTCAC-3'
COX-2
dp5-TCCAGATCACATTTGATTGACA-3' | 450bp 1'at 94°C 1"at 60°C 1’ at 72°C
rp5-TCTTTGACTGTGGGAGGATACA-3’

Tablel: PCR cycling conditions and product fragm&ne (expressed in base pairs: “bp”) related

to oligonucleotide primers used in PCR reactions.

1.4 WESTERN BLOTTING OF ADENOSINE RECEPTORS

Bovine and human SFs were harvested and washeé twib ice-cold PBS containing 1 mM
sodium orthovanadate, 104 mM 4-(2-aminoethyl)-baegalfonyl fluoride, 0.08 mM aprotinin, 2
mM leupeptin, 4 mM bestatin, 1.5 mM pepstatin Addn4 mM E-64. Then cells were lysed in
Triton lysis buffer and the protein concentratioasadetermined using bicinchoninic acid (BCA)
protein assay kit (Pierce, lllinois, USA). Aliquot$ total protein sample (5Qg) were analyzed
using antibodies specific for human Al, A2A, A2BdaA3 adenosine receptors |(fy/ml dilution),

as previously describedverighi et al. 2002 B-actin expression was analyzed using a specific

antibody for humas-actin (Cell Signaling Technology, Pero, Italy)X@00 dilution).
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Filters were washed and incubated for 1 hours amréemperature with peroxidase-conjugated
secondary antibodies (1:2000 dilution). Specificacteons were revealed with Enhanced

Chemiluminescence Western blotting detection rea@enersham Biosciences, New York, USA).

1.5 CHARACTERISTICS OF PEMFs

The PEMF generator system used in binding, cAMRyaasd in PGE-2 and IL-6 functional assays
was the same used in previous studies (I-ONE, I3a&i, Italy) De Mattei et al. 2003; 2004 and
2007; Varani et al. 2002 and 2003-AThe magnetic field was generated by a pair futar coils

of copper wire placed opposite to each other (lEdLB). The coils were powered by the generator

system, which produced the input voltage of pulse.

Figure 13: PEMF generator system furnished by IGEArpi, Italy).

The pulse duration of the signal was 1.1 ms andépetition rate 75 Hz, yielding a duty cycle of
1/10. The intensity peak of the magnetic field W& mT and the induced electric field, as detected
with a standard coil probe (50 turns, 0.5 cm irdérdiameter of the coil probe, 0.2 copper
diameter), was 0.07 mV/cm. The temperature, coatisly monitored by a thermoresistor within
the incubator, was constant through the exposuore &ind exactly maintained during the binding

and functional experiments.
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[I:6 SATURATION BINDING EXPERIMENTS TO ADENOSINE REEPTORS

All the saturation binding experiment were perfodme collaboration with the research group of
the Department of Clinical and Experimental MediiRharmacology Unit, University of Ferrara.
For membrane preparation, the culture medium wa®ved, the cells were washed with PBS and
scraped off T75 flasks in ice-cold hypotonic buff& mM Tris-HCI, 2 mM ethylendiamine
tetraacetic acid (EDTA) pH 7.4). The cell suspensias homogenized by using a Polytron and
was centrifuged for 30 minutes at 100,§00he membrane pellet was resuspended in the same
buffer solution used in the binding experimentsuimated with 2 IU/ml of adenosine deaminase for
30 minutes at 37°C and centrifuged for 30 minutesQ,00@. Finally the suspension was used in
saturation and binding experiments. The proteircentration was determined according to a Bio-
Rad method with bovine albumin as reference stah@eadford 1976.

The bovine and human SF membranes were PEMF-tréatdde specific incubation times related
to the A1, A2A, A2B and A3 binding experiments,psviously describedMarani et al. 2002 and
2003-A. Saturation binding experiments to A1 adenoseweptors were performed according to
the method described previously usinti]f1,3-dipropyl-8-cyclopentyl-xanthine 3fi]-DPCPX,
specific activity 120 Ci/mmol; NEN-Perkin Elmer Ekifand Analytical Sciences, USA) as
radioligand Borea at al. 199% The membranes derived from PEMFs-treated oreated bovine

or human SFs (100g of protein/assay) with 8-10 concentrations of rhdioligand fH]-DPCPX
(0.01-20 nM) were incubated in Tris-HCI 50 mM, pH,7for 90 minutes at 4°C. Non-specific
binding was determined in the presence of DPCRM1 Saturation binding experiments to A2A
adenosine receptors were performed according ton#teod described previously usiréi]-4-(2-
[7-amino-2-(2-furyl)[1,2,4] triazolo [2,3] [1,3,5] triazin-5-yl-amino]-ethyl @H]-ZM 241385,
specific activity 27.4 Ci/mmol; American RadiolabélChemicals Inc, Saint Louis, MO, USA) as
radioligand Varani et al. 2003-B The membranes derived from PEMFs-treated oreatdd
bovine or human SFs (1Q@y of protein/assay) were incubated for 60 minute4°€ with 8-10
concentrations of the radioligantH]-ZM 241385 (0.01-20 nM) and Tris-HCI 50 mM, MgCl10
mM, pH 7.4. Non-specific binding was determinedha presence of ZM 241385uM. Saturation
binding experiments to A2B adenosine receptors wertormed using®H]-N-benzo [1,3[dioxol-5-
yl-2-[5- (2,6-dioxo-1,3-dipropyl-2,3,6,7-tetrahydfidi-purin-8-yl)- 1-methyl-H-pyrazol-3-yloxy]-
acetamide @H]-MRE 2029F20, specific activity 123 Ci/mmol; Ansé&sam International Chemical
Laboratories, Buckinghamshire, UK) as radioliga@Gegsi et al. 2005
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The membranes obtained as previously described @§0of protein/assay) with 8-10
concentrations ofH]-MRE 2029F20 in the range 0.01-20 nM were inceban Tris-HCI 50 mM,
MgCl, 10 mM, EDTA 1 mM, pH 7.4 at 4°C for 60 minutes.MNgpecific binding was determined
in the presence of MRE 2029F2Quli1. Saturation binding experiments to A3 adenosaweptors
were performed usingi]-5N-(4-methoxyphenylcarbamoyl) amino-8-propyl-2-(2yfyrpyrazolo
[4,3-€]-1,2,4-triazolo [1,%] pyrimidine (PH]-MRE 3008F20, specific activity 67 Ci/mmol;
Amersham International Chemical Laboratories, Baghkamshire, UK) as radioligan¥grani et
al. 200Q0. The membranes treated as above mentioned (@O®f protein/assay) with 8-10
concentrations in the range 0.01-50 nM %f]f[MRE 3008F20 were incubated in Tris-HCI 50 mM,
MgCl, 10 mM, EDTA 1 mM, pH 7.4, at 4°C for 150 minuté&n-specific binding was determined
in the presence of MRE 3008F20uM. In saturation binding experiments, at the endthod
incubation time, bound and free radioactivity wapagated by filtering the assay mixture through
Whatman GF/B glass fibre filters by using a Branoil harvester. The filter bound radioactivity
was counted by Scintillation Counter Packard TnilkC2600 TR with an efficiency of 58%.

II.7 MEASUREMENT OF cAMP LEVELS IN BOVINECHONDROCYHES OR FIBROBLAST-
LIKE SYNOVIOCYTES

PEMF-treated or untreated bovine and human SF$ ¢&ls/ml) were resuspended in 0.5 ml
incubation mixture Krebs Ringer phosphate buffentaining 1 1U/ml adenosine deaminase and
0.5 mM 4-(3-butoxy-4-methoxybenzyl)-2-imidazolidm® (Ro 20-1724) as phosphodiesterase
inhibitor and preincubated for 10 minutes in a sh@kath at 37°C. Then the effect of a typical Al
adenosine agonist was studied by using CHA at réifteconcentrations (1 nM-1M) that was
added to the mixture for a further 10 minutes. Valeate the effect of a typical A2A adenosine
agonist, CGS 21680 was used at different concemisat(l nM-1uM) that were added to the
mixture for a further 5 minutes. In similar expeemtal conditions, the effect oN-
ethylcarboxamidoadenosine (NECA) an adenosine etatigve agonist was studied. To evaluate
the effect of a typical A3 adenosine agonist, folisk 1 uM and CI-IB-MECA at different
concentrations (0.1 nM-100 nM) were added to thgtume and the incubation continued for a
further 5 minutes. The effect of a selective A2AA8B antagonist such as 7-(2-phenylethyl)-2-
furyl)pyrazolo [4,3€]-1,2,4-triazolo-[1,5€¢] pyrimidine (SCH 58261) (11M) or MRE 3008F20 (1
uM) on CGS 21680(1M) or CI-IB-MECA(100 nM) was evaluated, respectivel
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The cells were also incubated with forskolinyf¥) and/or Ro 20-1724 (0.5 mM) to evaluate the
adenylyl cyclase activity.

In addition, cAMP levels were evaluated in bovindFFa-pre-treated and untreated bovine SFs
(10° cells/ml), which were resuspended in 0.5 ml intidbamixture Krebs Ringer phosphate
buffer, containing 1.0 IU/ml adenosine deaminasg @ mM Ro 20-1724 as phosphodiesterase
inhibitor and preincubated for 10 minutes in a shglbath at 37°C. Then the effects of CHA (Al)
and CGS 21680 (A2A) adenosine analogs were evaluatpectively in TNFe pre-treated cells.
CHA (1 nM-1uM) was added to the mixture for a further 10 misuteloreover CGS 21680 (1
nM-1 uM) was added to the mixture and incubated for th&rr5 minutes.

The reactions were terminated by the addition ddl &% trichloroacetic acid (TCA). The TCA
suspension was centrifuged at 2@ 10 minutes at 4°C and the supernatant was agttefour
times with water saturated diethyl ether. The fiagleous solution was tested for cAMP levels
through a competition protein binding assay by gi$fi]-cAMP as radioligand (specific activity
21 Ci/mmol, NEN Research Products, Boston, MA, UBAgrani et al. 200 Samples of CAMP
standards (0-10 pmol)were added to each test miiaing trizma base 0.1 M, aminophylline 8.0
mM, mercaptoethanol 6.0 mM, pH 7.4 arf#iJiFcAMP (at the final concentration of 1 nM). The
binding protein, previously prepared from beef adte, was added to the samples and incubated at
4°C for 150 minutes. At the end of the incubationet and after the addition of charcoal the
samples were centrifuged at 2@0@r 10 minutes. The clear supernatant was mixead wiml of
Atomlight and counted in a Scintillation CountercRard Tri Carb 2500 TR.

II.8 SF TREATMENTS WITH ADENOSINE AGONISTS AND EMEXPOSURE

For the analysis of PGE-2 release, bovine SFsimt-tburth passage were plated at 10,006/am
complete medium in multiwells (Nunc, Denmark, 16 the diameter of each well) and used after
5 days plating. Further for the analysis of PGH@ H_-6 release, human SFs at third passage were
plated at 5000/ cfrin complete medium in multiwells and used aftefays plating. In preliminary
experiments, increasing doses of the recombinamiahul NFe. and recombinant human [L{both
from Preprotech, USA), selected in the range o$¢hased in previous studies, were teskahi

et al. 2001; Burger et al 2003In the following experiments, TNé&-was used at 10 ng/ml, which
elicited maximal PGE-2 increase in bovine SFs gliprinary experiments. Further in human SFs
IL-18 was used at 50 ng/ml, which induced maximal PG&nd IL-6 release in preliminary

experiments. Control cells were incubated in cotepheedium alone.
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1l.8(a) BOVINE SF TREATMENTS

In a first series of experiments in bovine SFs,nadame analogs were added to both control and
TNF-o-treated cultures in the presence of endogenousoad®. The adenosine agonists CHA
(Al), CGS 21680 (A2A), 50N-ethylcarboxamidoadenosine (NECA) (non-selectia)d N6-(3-
iodobenzyl)2-chloroadenosine-5@methyluronamide (CI-IB-MECA) (A3) were used at M
(Sigma, USA). In a second series of experimenesatinents with adenosine agonists in the
presence of TNF-were performed in complete medium containing 2vilJAdenosine deaminase
(ADA, Fluka-Sigma-Aldrich, Switzerland) to deple¢mdogenously released adenosine. Different
ADA concentrations (0.5-4 IU/ml) were previouslytied on PGE-2 release to evaluate the effects
of depleting endogenous adenosine. To investidgateetfects of PEMFs on PGE-2 production,
bovine SF cultures treated as described above, exgresed to PEMFs during the whole treatment
period (24 hours).

In some experiments, M forskolin (Sigma, USA), a direct activator of agéate cyclase enzyme,
was added to both control and TNHreated cultures, in the absence and the presd#r@eA (Al)

and CGS 21680 (A2A) adenosine analogs.

At each condition tested, after 24 hours of treatmmedium was removed from the well, stored at
-80°C for subsequent determination of PGE-2 andntib®olayer protein content was evaluated

accordingly to the Lowry methodologydwry 195).

11.8(b) HUMAN SF TREATMENTS

The effects of PEMF exposure were investigated @R and IL-6 release in human I[3-freated
and untreated SFs. The reduced availability of humsecimens consented to investigate only
PEMF effects on PGE-2 and IL-6 release. After 2drh®f treatment, medium was removed from
the well and stored at -80°C for subsequent detextion of PGE-2 and IL-6. The monolayer
protein content was evaluated accordingly to theryanethodology l(owry 195).
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1.9 PGE-2 AND IL-6 ASSAY

The concentration of PGE-2 was measured using anavaially available competitive enzyme
immunoassay according to the manufacturer's instms (PGE2 Assay, R&D Systems, Inc.,
Minneapolis, USA). The minimum detectable dosetifitg assay kit ranged from 18.2 to 36.8 pg/ml
of PGE-2. Samples and standards were assayed licatapPGE-2 production was normalized to
the total protein content and expressed as pg P{dEgRotein.

The concentration of IL-6 was measured using a ceroialy available quantitative enzyme
immunoassay according to the manufacturer’s ingtms (Human IL-6 ELISA kit, Diaclone,
USA). The minimum detectable dose for this assawkis 2 pg/ml of IL-6. Samples and standards
were assayed in duplicate. IL-6 production was rabzad to the total protein content and
expressed as pg IL164 protein.

Figure 14 summarizes the main steps of typical tiiaive sandwich ELISA and competitive
ELISA tests.

Sandwich ELISA

Coat well with Add Add Add Add
1st 1°Ab (capture) Antigen 2nd 1° Ab (detection) Enzyme Labeled 2° Ab Substrate

!

¢ Measure
Color Change

OD

pg of antigen

Competitive ELISA

: :Eﬁ _>

Add Add
Standarde & Samples Substrate

|

Measure
Color Change

OD

—

pg of antigen

Figure 14: Schematic representation of quantitaiwel competitive ELISA tests.
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.10 MTT ASSAY

The effects of ADA 2 IU/ml on cell proliferation drviability in bovine SFs treated with TNE-
and adenosine analogs, in the presence and irbdemee of PEMFs were evaluated by the MTT
assay Ahmed et al. 2006; Tomita et al. 2008riefly, 100ul of MTT solution (5 mg/ml in PBS)
(Sigma-Aldrich, UK) were added to each well anduipated at 37°C for 3 hours. The medium was
then discarded and 5Q0 of isopropanol/HCI 0.04 N were added to each i@llthe formazan
solubilization. The solution absorbance was measua¢ 540 nm (Cary-50, UV-Visible

Spectrophotometer, Varian).

[1.11 STATISTICAL ANALYSIS

A weighted nonlinear least-squares curve fittinggpam Ligand fMunson and Rodbard 198Was
used for computer analysis of saturation bindingeeixnents performed by the research group of
the Department of Clinical and Experimental MedggiRharmacology Unit, University of Ferrara.
Analysis of data was done with Student’s t tesipéured analysis). Differences were considered
significant at a value of P< 0.01 (n= 4). All datee reported as mean + S.E.M. of independent
experiments.

Functional data on cAMP, PGE-2 and IL-6 were ol#dinfrom at least four independent
experiments. Each experiment was performed ini¢a. Analysis of data was done with
Student’s t test. Differences were considered Baamt at a value of P < 0.01 for cAMP data (n=
4), and at a value of P< 0.05 for PGE-2 and IL&dat 6). All values are expressed as mean +

S.E. of independent experiments.
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AIM OF THE STUDY

The aim of this study was to investigate a poténtiik connecting adenosine pathway and
biophysical stimulation with low-frequency and l@mergy pulsed electromagnetic fields (PEMFS)
in synovial fibroblasts (SFs). SFs are known toypa important role in driving inflammatory
activity in articular pathologies such as ostea@ith(OA) and rheumatoid arthritis (RA): they
produce a series of pro-inflammatory cytokines:(&.glp, TNF-u, IL-6), chemokines and lipid
mediators of inflammation and pain, in particulZeE22 Castor at al. 1997; Alaaeddine et al
1999; Inoue et al. 2002; Goldring and Goldring 2004 et al. 2005; Martel-Pelletier 2006;
Fernandes et al. 2008The cross-talk between the inflammatory pathmwamoted by SFs and the
articular chondrocytes contribute to maintain andoanduce the typical inflammatory status
present in OAAbramson and Yazici 206

Adenosine is known as a potent endogenous anainmflatory molecule in several tissues and cell
types Bouma et al. 1994, Wagner et al. 1999, Gessi ()3 and 2006; Varani et al. 2006

A potential role of adenosine in modulating inflaation associated to arthritic pathologies has
been previously documented. In vivo and in vitrodgs have shown the efficacy of adenosine
analogs to diminish articular damage in animal nod# septic arthrosis and to reduce the
expression of metalloproteinases in cultured $eyle 2002 Cohen et al. 2004 and 2005; Boyle et
al. 1996.

Previous studies have shown that PEMFs are abliactease extracellular matrix components
synthesis and to counteract the catabolic effe€tshe pro-inflammatory cytokine ILfl in
chondrocytes e Mattei et al 2003; Bobacz et al. 2Q0®/oreover n vivo PEMFs slow the
arthrosic process in animal mode@&dmbor et al. 2003; Fini et al. 2005 and 2Q0&terestingly,
PEMF-treatment is able to significantly reduce T&lnd IL-13 levels in the synovial fluid of
sheep transplanted with osteochondral autograitgyesting an anti-inflammatory activity for the
biophysical stimulationBenazzo et al. 2008

It as been suggested that PEMF effects may bealueast in part, to a modulation of adenosine
pathway. This hypothesis is based on the documdpEdF effects, which are able to evoke a
specific up-regulation of the A2A and A3 adenosieeeptors in human neutrophilgarani et al.
2002 and 2003-A
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On this basis the aim of the study was to charaet@denosine receptors in SFs and to investigate
the potential link between adenosine pathway andiRE

We articulated our study and we pointed our efftots

1) characterize, by a pharmacological point of vidve presence of adenosine receptors subtypes
(Al, A2A, A2B and A3) in two cell models: bovinecdhhuman SFs;

2) verify the effect of PEMFs on affinity and degsparameters of the adenosine receptors
characterized ;

3) investigate the functionality of adenosine réoepubtypes in the presence and in the absence of
PEMFs through the analysis of CAMP release,;

4) investigate if adenosine receptor agonists d&MmPbiophysical stimulation, alone or combined,
may modulate pro-inflammatory parameters (PGE-2 lar@l release; COX-2 expression) in SFs

treated with known inflammatory stimuli.
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IV

RESULTS

IV.1: PHENOTYPE CHARACTERIZATION OF BOVINE AND HUMA SFs

Bovine and human SFs used in our experiments shaw#uloblast-like phenotype, as we can see
in Figure 15 (A, C); further cells showed the exgsien of vimentin, the main intermediate filament
protein in mesenchymal cells and synovial fibrob(&gure 15: B, D). In addition, results obtained
by RT-PCR showed the absence of CD14 expressiohoth cell types. CD14 is a typical
membrane biomarker and its non-appearance indi¢htedbsence of contaminating macrophages

or monocytes in our cultures (Figure 15: E).
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M Mac bSFs bSFshSFs

-33-



Figure 15: Bovine and human SFs in culture. (A, Rhase contrast, 10X. (B, D) Vimentin
expression by immunofluorescence (green); nucleeveeunterstained in blue with DAPI. (E)

CD14 mRNA expression in macrophages (MC) and innkoand human SFs (bSFs, hSFs
respectively) (E, upper panel). M is 100 bp DNAdexdmarker (Biolabs). One microgram of total
RNA was loaded for each lane and stained with athidoromide to confirm equal RNA quantity
used for RT-PCR (E, lower panel).

IV.2 WESTERN BLOTTING OF ADENOSINE RECEPTOR SUBTYBHN BOVINE AND
HUMAN SFs

In the first part of the study, we investigated #aeression of the four classes of adenosine
receptors both in bovine and in human SFs by Weg&kitting.

Figure 16 (A) shows the immunoblot signals of ARAand A2B adenosine receptors in bovine
SFs. The intensity of each band in immunoblot asteywed a similar expression for A2A and
A2B receptor subtypes, while the expression of Aermsine receptors seemed to be slightly
reduced in comparison to the other receptors. Wnately, A3 adenosine receptors in bovine SFs
were undetectable by Western Blotting, probablyabee of the low degree of homology between
bovines and humans.

On the other side, the immunoblot analysis of adiem@oreceptors in human SFs indicated the
expression of all receptor subtypes. The band siteshowed a greater expression for A2A and A3
adenosine receptors, in comparison to A1 and A2iepw@rs which appeared less represented.

(Figure 16: B)B-actin expression was used as a control of eqaded protein lysates.

AlR A2AR A2BR A3R
Bovine SFs — *‘ s —
A)
Human SFs =< - E E
B)
— =y B i !' B-actin
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Figure 16: Western Blotting analysis of adenosieeeptor subtypes in bovine (A, yellow evidenced
panels) and in human (B, blue evidenced panels) Bfstin was used as a control protein
expression to verify equal amount of charged lysdted evidenced panels for both human and

bovine SFs). Western Blotting was performed asritestin Materials and Methods

V.3 SATURATION BINDING EXPERIMENTS IN BOVINE AND HUIMAN SFs IN THE
PRESENCE AND IN THE ABSENCE OF PEMFs

As Western Blotting results indicated the preseateadenosine receptors in SFs, a series of
pharmacological experiments was carried out, ireotd obtain a more precise characterization of
adenosine receptor subtypes. We studied the bindargmeters of Al, A2A, A2B and A3
adenosine receptors both in bovine and human 8Rbgiabsence and in the presence of PEMFs.
All adenosine receptors were identified both inihevand human SFs.

In Table 2, the affinity (I§) and density (Bmax) values of adenosine receptbtypes in both cell
types are shown .

The affinity values were similar in both bovine ahdman SFs and ranged from 0.67+0.01 to
2.05%£0.17 nM in bovine cells and from 2.02+0.1818+0.24 nM in human cells.

Bmax values, derived from 4 independent experimestiewed a greater density (Bmax) of all
adenosine receptors in human SFs in comparisorotmé SFs. In human SFs, the presence of
A2A (264f£28 fmol/mg of protein) and A3 (285+30 fihmg of protein) adenosine receptors on
cell membrane was higher than A1(125+11 fmol/mgpaftein) and A2B (134+11 fmol/mg of
protein), whilst in bovine SFs there was a simdensity of all receptors (76+6; 84+5 and 83t4
fmol/mg of protein are the Bmax values for A2A, A2Bd A3 receptors, respectively), with a

minor prevalence of Al receptors (30£2 fmol/mg witpin).
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Adenosine BOVINE SFs HUMAN SFs
receptor Kp(nM) Bmax(fmol/mg Kp(nM) Bmax(fmol/mg
of protein) of protein)
Al
[*H]-DPCPX 0.67+0.01 30+2 2.18%£0.22 125+11
binding
A2A
[*H]-ZM241385 2.05+0.17 7616 2.3£0.24 264128
binding
A2B
[*H]-ZM2029F20 1.21+0.13 8415 2.02+0.18 134+11
binding
A3
[*H]-3008F20 1.86+0.22 834 2.14+0.15 28530
binding

Table 2:Saturation binding experiments on adenosine reespiobovine and human SFs. Binding
experiments were performed as described in Mateaad Methods. Values are expressed as mean
+S.E.M (n= 4).

After PEMF treatment, a similar behaviour of birgliparameters was detected in both cell types. In
fact PEMF exposure did not change the affinity galfor all adenosine receptors both in bovine
and in human cells (n= 4).

Moreover the Bmax values (n= 4) of A1 and A2B ade#m® receptors were similar in the presence
and in the absence of PEMFs in both cell tygas the contrary, the Bmax values of A2A and A3
adenosine receptors were significantly increastat 8 EMF exposure both in bovine and in human
SFs. Table 3 summarizes the data obtained in boamtke in human SFs membrane from the
Scatchard plot analysis of saturation binding csifggaphs not shown). The Scatchard plot analysis
of A2A and A3 adenosine receptors in bovine SFs branes indicated the presence of a single
class of binding sites with a KD value of 2.05 Dand 1.86 + 0.22 nM, respectively; these values
did not change after PEMF exposure and were 2.22+8nd 2.08+0.09 nM, respectively. The
receptor density, in the same cell type, expresseBmax value was 76 +6 and 83 + 4 fmol/mg
protein, for A2A and A3 receptors, respectively é@)=When bovine SFs were treated with PEMFs
the Bmax values of A2A and A3 adenosine receptamewgignificantly increased to 181 + 11 and

185 + 6 fmol/mg protein, respectively (P < 0.01cesitrols, n= 4).
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The same analysis was performed in human SFs masfrand a similar behaviour was observed:
the affinity values did not change in both PEMFatesl or untreated cells. Moreover also the Bmax
values of A1 and A2B adenosine receptors were iffgreint in the presence or in the absence of
PEMFs. On the contrary, the Bmax values of A2A Aldadenosine receptors were significantly
changed after the PEMF exposure, as reported ile Bab

The Scatchard plot analysis (graphs not shown)2A And A3 adenosine receptors in human SFs
membranes indicated the presence of a single ofasading sites with a KD value of 2.30 + 0.24
nM and 2.14 £ 0.15 nM, respectively; these valuesewstrictly similar after PEMF exposure and
were 2.25 + 0.23 and 2.25 £ 0.21 nM for A2A and r&8eptors, respectively (n= 4). The receptor
density, in the same cell type, expressed as Brakwewas 264 £28 and 285 + 30 fmol/mg protein
for A2A and A3 receptors, respectively (n= 4). imtan SFs membranes treated with PEMFs, the
Bmax values of A2A and A3 adenosine receptors wersiderably increased and scored as 485 +

50 and 592 + 64 fmol/mg protein, respectively (B.61 vs controls, n= 4).

Adenosine BOVINE SFs HUMAN SFs
o(n max (fmol/mg o o(n max (fmol/m
receptors | K,(nM B fmol/mg of | Kp(nM B fmol/mg
protein) of protein)
NO PEMFs NO PEMFs | NO PEMFs PEMFs NO PEMFs
PEMFs PEMFs PEMFs
Al
[*H]-DPCPX | 0.67+0.01 | 0.68+0.03 | 302 31+3 2.18+0.22 21740.16 | 12511 | 132+14
binding
A2A
[*H]-ZM241385 | 2.0540.17 | 2.52+0.20 | 7646 181+11* 2.3+0.24 2254023 | 264428 | 48550*
binding
A2B
[°H]-
1.21+0.13 | 1.18+0.08 | 8445 7846 2.02+0.18 1314013 | 134£11 | 14013
ZM2029F20
binding
A3
[*H]-3008F20 | 1.86+0.22 | 2.08+0.09 | 834 185+6* 2.14+0.15 2.25+0.21 | 28530 | 592+64*
binding
* P<0,01

Table 3: Saturation binding experiments on aderssateptors in bovine and human SFs exposed
and unexposed to PEMFs. Binding experiments werrmpeed as described in Materials and
Methods. Values are expressed as mean * S.E.M [nxiAdicates the statistical significance vs

the same treatment in the absence of PEMFs. Difte®were considered significant at P<0.01.
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V.4 cAMP ASSAYS IN BOVINE AND HUMAN SFs IN THE PREENCE AND IN THE
ABSENCE OF PEMFs

CcAMP is the common intracellular mediator of adeneseceptor pathway. cAMP is produced by
the adenylate cyclase enzyme, which is differecthypled to the adenosine receptors via G
proteins Fredholm et al. 20011 A2A and A2B receptors are positively coupledatienylate cyclase
via Gs stimulatory proteins, which leads to an éase of cAMP formation. On the contrary, Al
and A3 receptors are negatively coupled to ademylgtlase via Gi proteins, leading to a decrease
in CAMP levels. To evaluate the effects of A1 an8@ gelective adenosine agonists on cAMP
release it is necessary to induce the adenylatass/dy using a typical activator of this enzyme,
forskolin, and a cAMP-dependent phosphodiesterabiitor, Ro 20-1724. The A2A and A2B
receptor activity induced by selective agonistssdo@t require the stimulation of adenylate cyclase
by forskolin.

Data concerning cAMP production in bovine and hurB&s are shown in Table 4. Basal CAMP
levels both in human and in bovine SFs were veny la the presence of forskolirud and Ro 20-
1724 0.5 mM cAMP levels raised as expected.

When we evaluated the effect of a typical A2A adsem® agonist such as CGS 2168@ k1) on the
adenylate cyclase activity, the levels of cAMP @ased both in bovine and in human SFs. Similar
results were obtained in the presence of NECA ragabective agonist which can interact both with
A2A and A2B receptor subtypes.

In the presence of forskolin and Ro 20-1724, CHAWKY), a classically used Al receptor agonist,
induced an expected decrease in CAMP levels. Apnalogata were obtained in the presence of Cl-
IB-MECA (100 nM) a typical A3 receptor agonist, $&olin and Ro 20-1724.

In Table 4, PEMF effects on cAMP levels in bovime an human SFs are also described.

Basal levels of cAMP were not changed after PEMposure in both cell types. Similar results
were obtained in the presence of the Al receptoniag(CHA): cAMP levels were not changed in
the presence or in the absence of biophysical &itmu.
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Interestingly, when the cells were incubated witbSC21680 (A2A receptor agonist) in the
presence of PEMFs an amplification of adenylatelasge response was detected, revealing a
significant increase in CAMP production in bothld¢gpes. In bovine SFs cAMP levels ranged from
50+4 to 78+6 pmol cAMP X 10cells in the presence and in the absence of PEbpectively (n=

4, P<0.01); similarly, in human SFs the cAMP valsesred from 60+6 to 95+9 pmol cAMP X0
cells (n= 4, P<0.01). Analogous data were obtaimedoth cell type treated with NECA (non-
selective agonist) in the presence of PEMFs stitiaua

We have also evaluated the A3 adenosine agonitBMIECA effect on the cAMP levels in the
presence of PEMFs. Both in bovine and in human t8&sxposure to PEMFs induced a further
significant decrease of cAMP production in compatiso cells treated with the agonist alone. In
bovine SFs the values of cAMP ranged from 84+66654pmol cAMP X 168 cells in the presence
and in the absence of PEMFs, respectively; in huBSfs cAMP levels scored from 67+7 to 32+3
pmol cAMP X 16 cells in the presence and in the absence of PEMBpgectively (n=4, P<0,01 for
both cell types).

Finally the selective A2A antagonist SCH 58261{#) and the selective A3 antagonist MRE
3008F20 (1uM) were used to specifically antagonize the inceesmsd the decrease in CAMP levels
in the presence of PEMFs, respectively (data notvalh The two antagonists were able to contrast
the agonist effects in the presence of PEMFs bothovine and in human SFs, suggesting that the
stimulatory effect on cAMP level was essentiallyAAthediated and the inhibitory effect was A3
linked.
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Cell Treatments

cAMP LEVELS IN BOVINE SFs
(pmol cAMPX10° cells)

CAMP LEVELS IN HUMAN SFs

(pmol cAMPX10° cells)

NO PEMFs PEMFs NO PEMFs PEMFs
Control 11+1 12+1 12+1 11+1
Forskolin LM+Ro 20-| 11211 11812 10511 101210
1724 0.5 mM * * * *
CHA1uM+forskolin+Ro 87+8 8518 7618 74+8
20-1724 * * * *
(o] (o]
CGS 21680 M 504 7826 6046 959
* * * *
*%* *%
NECA 1uM 90=10 12412 8248 134+13
* * * *
*% *%
CI-IB-MECA 100 nM+ 8416 465 67+7 32:3

forskolin+Ro 20-1724

**

*%*

*P<0,01

Table 4. cAMP levels evaluated by using typicalrexne receptors agonists: CHA (Al), CGS
21680 (A2A), NECA (non- selective) and CI-IB-ME®@A&)(in untreated and PEMF-treated bovine
and human SFs. cAMP experiments were performeeéssided in Materials and Methods. Values
are expressed as mean + S.E (n= 4). * Indicates dtatistical significance vs the control. **

lindicates the statistical significance vs the sameatment in the absence of PEMFsIndicates

the statistical significance vs Forskolin and Re1224. Differences were considered significant at

P<0.01.
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V.5 FUNCTIONAL ACTIVITY OF ADENOSINE ANALOGS AND HEEMFs ON THE RELEASE
OF INFLAMMATORY MEDIATORS IN BOVINE SFs

IV.5(a) DOSE DEPENDENT EFFECTS OF TMFAND IL-13 TREATMENT ON PGE-2
RELEASE IN BOVINE SFs

The stimulation of inflammatory activity in SFs tured in vitro is often induced by typically used
pro-inflammatory stimuli, such as TNE-and IL-13 (Castor et al. 1997; Ospelt et al. 2Q08&hich

are elevated irthe inflammatory microenvironment of OA articulatigGoldring and Goldring
2007; Samuels et al. 2008

To verify cell activation, we analyzed PGE-2 relsathat represents an important mediator of
inflammation and pain in OAMartel-Pelletier et al. 2003Park et al, 200k

In preliminary experiments (Figure 17) we investighthe effects of increasing doses of TINF-
and IL-13 on PGE-2 release in bovine SF culturBsirger et al. 2008 PGE-2 production by
control SFs was at very low levels. TNFand IL-13 significantly increased PGE-2 production in a
dose-dependent manner. Nevertheless, ®iNf-the dose of 10 ng/ml stimulated PGE-2 release
yielding a maximal 7.9 fold increase, whilst thgtest dose of IL{1 (100 ng/ml) induced a 4.9
fold increase only. On these results, we used tbst refficient dose of TNle- (10 ng/ml) in all

subsequent experiments to stimulate PGE-2 productio

PGE-2 release

180 1
160 okl
* *
- 140 1
‘O
S 120+
S
o
O -
g 100
o~ **
0 804
*

8 *
8 60 4 - T

40

1
20 4
0 L) L] L]
D D D D D D
Y %& Q}& & é\(° q}& &
g_& 6Q° QQ*‘"” Q\QO QQ QQQO
\V& N N & * Q,@
A N &é &é

-41 -



Figure 17: Effects of increasing doses of TNF-a dndf on PGE-2 production in bovine SFs.
TNF-o and IL-15 induced a dose response increase on PGE2 levElg-Plevels were measured
as described in Materials and Methods. Light yelloar indicates the control (C); yellow bars
indicate treatments with ILALat increasing doses; orange bars indicate treattmavith TNFe at

increasing doses. Values are expressed as meds. {18 5). * Indicates statistical significance vs
control (C). For each stimulus, ** Indicates staitsl significance vs the previous dose.

Differences were considered significant at P < 0.05

IV.5(b) ADENOSINE AGONISTS AND PEMF EXPOSURE INHIBIT PGE=PEASE INBOVINE
TNF-« TREATED SFs IN THE PRESENCE OF ENDOGENOUS ADENBDSIN

The effects of adenosine agonists and PEMFs on PGé&ease in TNkt unstimulated and
stimulated bovine SFs, in the presence of endogeadenosine, are shown in Figure 18. Treatment
of cells with the Al agonist CHA, the A2A agonisGS 21680, the non-selective agonist NECA
and the A3 agonist CI-IB-MECA did not modify bas8BE-2 production in the absence of TiF-
Similarly, PEMFs did not modify basal PGE-2 prodaoigt both in the absence and in the presence
of the agonists (Figure 18:A). In TNk-stimulated bovine SFs, all agonists, except for ClI
IBMECA, significantly inhibited PGE-2 production.GE-2 inhibition ranged from 38.6% in the
presence of CHA to 54.9% in the presence of NEAQguie 18: B).

When TNFe stimulated SFs were exposed to PEMFs, PGE-2 ptistluavas significantly
inhibited by the biophysical stimulus of 62.7%. 8an inhibitions were induced by PEMFs in
TNF-o stimulated bovine SFs cultured in the presenceCBBMECA. Interestingly, in the
presence of CHA, CGS 21680 and NECA, PEMFs sigmtly increased the inhibitory activity of
the agonists on TNE- induced PGE-2 production (Figure 18: B). The caredi effects of
adenosine agonists and PEMFs reduced PGE-2 |leviiisese of unstimulated control cells.
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Figure 18: Effects of adenosine receptor agonisid BEMFs on basal and TNéinduced PGE-2
production in bovine SFs in the presence of endogeadenosine.

Adenosine agonists and PEMFs did not modify bassER production (A) and inhibited PGE2
release in TNFw treated (B) SFs. PGE-2 levels were measured asrided in Materials and
Methods. Light yellow bars indicate the control {ianel A and B) or adenosine agonist treatments
in the absence of TN&-panel A); orange bars (panel B) indicate SF treants in the absence of
PEMFs; blue bars (panel B) indicate SF treatmenisthe presence of PEMFs. Values are
expressed as mean = S.E. (nh= 6). * Indicates dtasissignificance vs control (C)A Indicates
statistical significance vs the same treatmenthe absence of PEMFs. Indicates statistical
significance vs the inflammatory stimulus (TNF-a @@/ml). Differences were considered

significant at P < 0.05.

IV.5(c) DEPLETION OF ENDOGENOUS ADENOSINE WITH AINMEREASES BASAL PGE-2
RELEASE IN SFs

As the selective activity of specific adenosineemors subtypes could be masked by the
endogenous cellular adenosine, the functional ofl@denosine analogs and PEMFs was also
investigated in cells treated with Adenosine Deasén(ADA).

Preliminarily SFs were exposed to increasing dasesDA (0.5-4 1U/ml) to determine the effects
of depleting endogenous adenosine. PGE-2 releagslglbut significantly increased in a dose-
dependent manner with maximal effect at 2 lU/mb(fFe 19). This dose of ADA was chosen and

used in all subsequent experiments.
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Figure 19: Effects of depletion of endogenous ademowith increasing doses of ADA (0.5-4
IU/ml) on PGE-2 production. PGE-2 levels were meadwas described in Materials and Methods.
Light yellow bar indicates the control (C); lighteen bars indicate treatments with increasing
doses of ADA. Values are expressed as mean 15 E5|.* Indicates statistical significance vs
control (C). Differences were considered significanP < 0.05

IV.5(d) DEPLETION OF ENDOGENOUS ADENOSINE WITH APATENTIATES ADENOSINE
AGONISTS' EFFECTS BUT LIMITS PEME-INHIBITORY EFFEBCON PGE-2 RELEASE IN
TNF-« TREATED SFs

As 2 IU/ml ADA induced the maximal increase in P@production, this dose was used to deplete
endogenous adenosine (Figure 20). TdNBignificantly stimulated PGE-2 synthesis similatty
what observed in the absence of ADA. Also, Cl-IB-®#did not modify PGE-2 levels in TNé&-
stimulated cells. In stimulated SFs, CHA, CGS 21688 NECA induced a stronger inhibition on
PGE-2 production than in the absence of ADA.
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In fact, CHA, CGS 21680 and NECA reduced PGE-2I&t@ those of unstimulated control cells,

and in these experimental conditions PEMFs didfudher decrease PGE-2 levels. Finally, when
TNF-o stimulated SFs cultured in the presence of ADAenexposed to PEMFs alone, the effect on
PGE-2 release reduction was significantly lowemntkizat observed in SFs cultured without ADA.

This lower activity of PEMFs in ADA was also obsedvin the presence of CI-IB-MECA.
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Figure 20: Effects of adenosine receptor agonisis BEMFs on TNF-a induced PGE-2 production
in bovine SFs in the presence of ADA (2 IU/ml). IBeépn of endogenous adenosine with ADA
enhanced adenosine agonists effects but limited REMibitory effects on PGE-2 release in TNF-
a-treated SFs. PGE-2 levels were measured as destim Materials and Methods.

Light yellow bar indicates the control (C); lighteen bars indicate SF treatments in the absence of
PEMFs; blue bars indicate SF treatments in the pneg of PEMFs. Values are expressed as mean
+ S.E. (n= 6). * Indicates statistical significanes control (C).o Indicates statistical significance
vs the inflammatory stimulus (TNF-a 10 ng/ml). &#éihces were considered significant at P <
0.05.
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IV.5(e) DEPLETION OF ENDOGENOUS ADENOSINE WITH ADW NOT MODIFY CELL
VIABILITY

As in TNFa-stimulated SFs, treated in the presence of ADAolserved a very strong inhibition
of PGE-2 release, in parallel experiments cell-Miigbwas verified by MTT assay in all our
experimental conditions. ADA had no effect on gebliferation and viability, as shown in Figure
21.
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Figure 21: Effects of depletion of endogenous ademo with ADA 2 I[U/ml on cell
proliferation/viability evaluated by MTT tes, assdgbed in Materials and Methods. Light yellow
bar indicates the control (C) Pink bars indicate 8Eatments in absence of PEMFs; blue bars

indicate SF treatments in presence of PEMFs. Value®xpressed as mean +S.E. (n=6).

- 47 -



V.6 CHANGES IN COX-2 EXPRESSION ARE ASSOCIATED TTHE CHANGES IN PGE-2
RELEASE INDUCED BY ADENOSINE AGONISTS AND PEMF EXFSVURE IN TNFe
TREATED BOVINE SFs

Since PGE-2 levels were regulated by adenosineistgoand PEMFs, we investigated whether
changes in PGE-2 release were associated to ategubf COX-2 transcripts. COX-2 is the main
enzyme regulating the PGE-2 production. COX-2 esgion, evaluated by RT-PCR, at 24 hours of
treatment, is shown in Figure 22. Accordingly toalvreported in literature, in our experiments the
stimulation of PGE-2 synthesis induced by TdlFwas associated to an increase of COX-2
expression with respect to control cel&dfford 1999; Burger et al 2003; Park et al. 2004l
adenosine agonists, except for CI-IB-MECA, inhibit€OX-2 expression in TNk- stimulated
cells. PEMFs inhibited COX-2 expression in bothtooinand TNF-a stimulated SFs, also in the
presence of CIl-IB-MECA. The inhibition induced byH&, NECA and CGS 21680 on COX-2
expression in TNFea stimulated cells was enhanced by PEMF exposurgpnmg the changes

observed in PGE-2 levels, and indicating a regutatif COX-2 enzyme expression.

COX-2 EXPRESSION

UNEXPOSED —— EMF EXPOSED —
TNF-ur+ TMNF-i+
CL-IB- CL-IB-
Ne L ¢ TNF-r|CHA  NECA CoS mmcall M 1 € INF-rfCHA NECA OGS MECA

COX-2
450bp

GAPDH
370bp

Figure 22: Effects of adenosine receptor agonistd BEMFs (upper panel) on control and TNF-a
induced COX-2 expression evaluated by RT-PCR, sxxiled in Materials and Methods. GAPDH
expression was used as control gene (lower pakki$. DNA molecular weight marker VIII (Roche

Diagnostics GmbH, Germany).
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IV.7 cAMP ROLE IN THE MODULATION OF PGE-2 RELEASEN TNF-o STIMULATED
BOVINE SFs

The results of this study show that A1 and A2A ptoes may be involved in the negative
modulation of PGE-2 release in the presence of @tNNevertheless, these receptors show a
different behaviour in driving cAMP release, an orjant second messenger involved in the
adenosine pathway(edholm et al. 2001; Schulte and Fredholm 2008 fact the stimulation of
adenosine receptors A1 with CHA and A2A with CG$&1, induces a decrease and an increase in
CAMP levels, respectively.

On these considerations, cAMP role in the regutattd PGE-2 release was investigated, by
comparing of cAMP and PGE-2 production in the saxgerimental conditions (Figure 23: A and
B, respectively).

Basal cAMP and PGE-2 were at low levels, as expedtethe presence of TNé-PGE-2 was
significantly increased (Figure 23: A). On the cang, CAMP levels in the presence of TNFfwere
very low (Figure 23: B).

In the presence of TNE-adenosine analogs CHA and CGS 21680, significanetiiyyced PGE-2
release in both experimental conditions. Differgnth the presence of CHA, cAMP levels were not
changed in comparison to cells treated with TdN&one whilst in the presence of CGS 21680 they
were significantly increased.

To examine thoroughly cAMP role we evaluated tHeatfof forskolin in the presence and in the
absence of pro-inflammatory stimulus TNFForskolin is a typical stimulator of adenylatelage
enzyme activity, which is primarily involved in cARMproduction in the adenosine pathway.
Forskolin by itself did not modify PGE-2 levels @omparison to control (Figure 23: A), whereas
CcAMP release was increased, as expected (Figur8)23n the presence of TNé&-and forskolin,
PGE-2 levels were slightly but significantly incsea (P<0,05) in comparison to the levels
measured in cells treated with TNFalone. On the other side cAMP level in this coods was
increased, as expected by forskolin activity.
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Figure 23: Comparison between PGE-2 release (A) @blP levels (B) in the presence of TNF-a
and Al and A2A adenosine receptor agonists (CHAGG& 21680) in bovine SFs. Forskolin (1
uM) effects were also evaluated in the presenceimrbde absence of TN&-PGE-2 release and
CcAMP levels were evaluated as described in Materald Methods. Light yellow bar indicates the
control (C) both in panel A and B. Orange bars (pla#&) and brown bars (panel B) indicate PGE-2
and cAMP release respectively, in SFs treated WMk« and adenosine agonists. Acid green bars
(panel A) and dark green bars (panel B) indicateE?P®&and cAMP release respectively, in SFs
treated with forskolin in the presence or in thesafce of TNFe Values are expressed as mean +
S.E. (h= 6). * Indicates statistical significance sontrol (C). ° Indicates statistical significanes
the inflammatory stimulus (TNF-a 10 ng/ml). Diffeces were considered significant at P < 0.05.

V.8 IL-1B INDUCES A DOSE-RESPONSE INCREASE ON PGE-2 AND ILIRELEASE IN
HUMAN SFs

In the first part of this study, we performed a ghat phenotypical and pharmacological
characterization of both bovine and human SFs.liffiged availability of human specimens leaded
us to concentrate our study on the bovine model.

In human SFs we performed preliminary experimemistestigate the effects of TNkand IL-13

on PGE-2 release. Similarly to what observed inif®®Fs, both stimuli induced a PGE-2 increase
in a dose-dependent manner. However Td\N&-the maximum dose stimulated PGE-2 production
of 12.27 fold only, whereas ILB150ng/ml was able to exert a 20.4 fold increasBGE-2 release
(Figure 24: A).

We also evaluated another typical inflammationtszglanolecule, IL-6, that is involved in OA and
seems to be related to PGE-2 reledseug et al. 2002 The basal level of IL-6 in our human SF
cell cultures was quite high, but was dramaticallyreased by IL-f stimulation, yielding a 124
fold increase (Figure 24: B). TNéat 10ng/ml stimulated IL-6 release of 35.1 foldt h was less
effective than IL-B to induce IL-6 production.

On these results, ILEL50 ng/ml was used to stimulate PGE-2 and IL-6as#ein subsequent
experiments.
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Figure 24:Effects of increasing doses of 1jf-and TNF-a on PGE-2 (A) and IL-6 (B) production in
human SFs. IL/Aand TNFe induced a dose-response increase on PGE-2 andlévés. PGE-2
and IL-6 release was measured as described in Nédgeaind Methods.

Light yellow bar indicates the control (C) both pranel A and B. Yellow bars and orange bars
(panel A) indicate PGE-2 release in SFs treatedhwitcreasing doses of ILAland TNFe,
respectively. Lilac bars and purple bars (panel iBdlicate IL-6 release in SFs treated with
increasing doses of ILAland TNFe, respectively. Values are expressed as mean HB8-E6). *
Indicates statistical significance vs control (&).Indicates statistical significance vs the prewgo

dose. Differences were considered significant &t@05

V.9 ROLE OF PEMFs IN THE MODULATION OF PGE-2 AND {16 RELEASE IN IL-18
STIMULATED hSFs

On the basis of previous results, we investigabtedpossible role of PEMFs in counteracting the
inflammation exerted by the pro-inflammatory stiosilL-15.

The effects of PEMF-s on PGE-2 and IL-6 releasi.ififf unstimulated and stimulated hSFs, are
shown in Figure 25 (A and B respectively).

The biophysical stimulus had no effect on basal PGiad IL-6 levels in the absence of IB:-1
Differently, in IL-18 stimulated cells, PEMFs exposure significantlyussd PGE-2 and IL-6
release. In fact, when ILBltreated hSFs were exposed to PEMFs, PGE-2 produetias
significantly inhibited by biophysical stimulus 82% (n= 6, P<0.05, Fig 25: A) and IL-6 was
analogously reduced of 28% (n= 6, P<0.05, Fig 25: B

-B63 -



pg PGE-2/ng protein

140

H H

O G - T =

© o & & & o
1 1 1 1 1 1

PGE-2 release

*
* %*
*
IL-1B 50ng/ml
IL-6 release
*

IL-1p 50ng/ml

-54 -



Figure 25: Effect of PEMF exposure on PGE-2 andbltelease in hSFs stimulated with 13-(50
ng/ml). PGE-2 and IL-6 levels were measured asrde=t in Materials and Methods. Light yellow
bar indicate the control (C) both in panel A and\Bellow bar (panel A) and lilac bar (panel B)
indicate PGE-2 and IL-6 release in the presencdleis (50 ng/ml) respectively. Blue bars
indicate (panel A and B) indicate hSF treatmentshim presence of PEMFs. Values are expressed
as mean = S.E. (n= 6). * Indicates statistical sfgrance vs control (C). ** Indicates statistical
significance vs the same treatment condition inateence of PEMFs. Differences were considered

significant at P < 0.05

-55 -



DISCUSSION

Osteoarthritis (OA) and rheumatoid arthritis (RA® dhe most common degenerative diseases of
the joints, characterized by the progressive anthaeent degradation of the articular cartilage,
synovial hypertrophy and change in underlying bone.

Inflammation is a typical characteristic of artiaulpathologies such as OA and RA, despite they
have a different aetiologyMoulton 1996; Miiller-Ladner et al. 2005; Abeles aRdlinger 2006;
Christoudoulou and Choy 2006; Goldring and Goldr2@07;Pelletier and Martel-Pelletier 2097

In RA a chronic inflammation is established as rrdfamental pathological condition , whilst in OA
it is verified at a variable degreAl{eles and Pillinger 2006; Abramson and Yazici 208@&hough
SFs play a major role in RA, these cells largelytdbute both in RA and OA to create a
detrimental microenvironment in the joint, by prothg a wide range of pro-inflammatory
mediators including cytokines, lipid mediators amgebwth factors Moulton 1996; Abeles and
Pillinger 2006; Goldring and Goldring 2007; Pelleti and Martel-Pelletier 2007 Furthermore,
SFs are involved in cartilage destruction via tkeration of matrix degrading enzymes such as
matrix metalloproteinases (MMPs) and aggrecana@¥sstra et al. 2004; Asano et al. 2006;
Davidson et al. 2006

Previous studies suggest a pivotal role of adeeasithe control of inflammation, and in different
cell types adenosine receptor pathways play sevaraitions in the inflammatory process. In
particular, A2A receptor anti-inflammatory activihas been well documented in several human
tissue and cells. To give some example these msemiay a role in reducing inflammation
processes in the heart and in the luvgréni et al. 2003-B; Varani et al. 20p&nd in modulating
cytokines release in human macrophag@suma et al. 1994 Moreover also Al adenosine
receptor has been involved in the inhibition ofanimatory activity in human kidney and lurigeé

et al. 2004, Sun et al. 205

Adenosine role in articular tissue and cells hasnbgreviously documented both in vitro and in
vivo. In vitro, the involvement of adenosine patlywand a possible specific contribution of A2
receptor subtypes in modulating the inflammatios baen studied, both in chondrocytes and in
cartilage explantsBenton et al. 2002; Tesch et al. 2002 and 2004rdvett al. 200%.
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Moreover in vivo,in adjuvant-induced arthritis (AlA) and septic adsis animal models, a role of
specific adenosine receptor subtypes has beenteepior reducing cartilage damage and synovial
inflammation Boyle et al. 2002; Cohen et al. 2004 and 2005; Fiah et al. 2006; Ochaion et al.
2008. Also in SFs, cultured in the presence of préaimimatory cytokine IL-f, was found a role
of adenosine pathway and in particular of A2 adereoseceptor subtypes in reducing MMPs levels
(Boyle et al. 1996

Previous evidences show also that PEMFs may hawndammatory activities. In vitro, PEMFs
modulate cytokines and chemokine release in seeetamodels, including fibroblasts monocytes,
osteoblasts and keratinocytdepper et al. 2004; Reale et al. 20Q8;et al. 2007; Vianale et al.
2008. In cartilage explants, PEMF exposure is able tosgmes the catabolic effect of the pro-
inflammatory cytokine IL-g (De Mattei et al. 2008 Further, in vivo PEMFs modulate the
inflammation, slowing the progression of osteoatithtesions in Guinea pigs. In addition, PEMFs
reduce the production of pro-inflammatory moleculesynovial fluid, supporting the implant of
osteochondral autografts in she&pombor et al. 2003; Fini et al. 2008; Benazzo &t2008.
Interestingly, PEMFs appear useful in human for tleatment of OA and patrticularly to control
joint inflammation after arthroscopic surgeiyr@ck et al. 1994; Jacobson et al. 2001; Nicolakis
al. 2002; Zorzi et al. 2007

The well documented anti-inflammatory role of adgne and the important evidences that PEMFs
may modulate inflammation counteracting catabotitivéies are the start point of this study: is
there a connection between the adenosine pathvehtharaction mechanism of PEMFs?

The observation that PEMFs may induce the up-réigulaof specific classes of adenosine
receptors in human neutrophils suggest that spebifbphysical stimuli may act through the
adenosine pathwayarani et al. 2002 and 2003}A

On this basis, the aim of this study was firstlyctaaracterize the presence of the four classes of
adenosine receptors in SFs and to verify a poteati&inflammatory role for one or more receptor
subtypes. Further we concentrated our efforts vestigate the role of biophysical stimulation by
PEMFs in our cell models, by exploring the hypoibed a possible link between the adenosine
pathway and the way of action of PEMFs.

To our aims bovine and human SFs were used. Pramnicharacterization of cells used in our
experiments showed the expression of synoviocyangtypic markers, as well as the absence of
contaminating cells in SFs culturedt¢bulis et al. 2005; Longato et al. 2005
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At first, the presence of adenosine receptors wasstigated through Western Blotting analysis,
showing the expression of the four adenosine receqtbtypes for both bovine and human SFS,
with the exception of A3 receptor that was undetiglet in bovine lysates, probably due the low
degree of homology between bovines and humans.

These results induced further investigations tdepetharacterize, by a pharmacological point of
view, the presence of adenosine receptors in dumoelels and to evaluate PEMF effects on these
receptors.

Our pharmacological data in PEMFs unexposed cepiert that A1, A2A, A2B and A3 receptors
are expressed in both cell types. The Bmax valueBcating the receptor density, showed an
higher presence of all adenosine receptor subtypdaiman SFs, than in bovine cells, with a
prevalence of A2A and A3 receptors (264 and 283/ of protein, respectively). In bovine SFs
the three adenosine receptor subtypes (A2A, A2BAf)dwere quite equally distributed, ranging
from 76 and 84 fmol/mg of protein, with an inferipresence of the Al receptor (30 fmol/mg of
protein).

After PEMF treatment, A1 and A2B receptors showiedilar binding parameters, with respect to
untreated cells, in both bovine and human SFs.n§lsiclass of A2A and A3 binding sites with a
similar affinity in untreated or PEMF-treated exasd cells was found according to saturation
binding experiments performed witﬁ—l]-ZM241385 or fH]-MRE 3008F20, respectively. On the
contrary, the number of binding sites in PEMF-tedabovine and human SFs was increased
significantly (P < 0.01) versus the control coralis.

Collectively, the results obtained in competitianding experiments show that the number of A2A
and A3 receptors (Bmax) was significantly increabgd®EMFs exposure, whilst the affinity K

of typical A2A and A3 receptor agonists, CGS 2168d CI-IB-MECA respectively, in the PEMF-
treated bovine or human SFs were strictly simbathbse obtained in untreated cells, indicating tha
the treatment did not modify the drug-receptorriatéon and affinity values of these agonists. Data
concerning PEMF effect in SFs showed that, in tloetls, PEMF exposure can selectively increase
the number of A2A and A3 receptor subtypes, asipusly reported in human neutrophilarani

et al. 2002 and 2003JA

In addition, also in bovine and in human SFs thecsjgity of PEMF effect on adenosine receptors
was verified by evaluating the binding parametdrstber G-protein coupled receptors, suchu2s
andp2 adrenergic subtypes, which were not modified B¥IPs (data not shown).

Another purpose of the present study was to ingatdiif the increase in A2A or A3 adenosine
receptor binding sites induced by PEMF treatmerghtnbe related to a modulation of receptor

functional activities.
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To this aim, we analyzed the effects of A2A and agdnists on cAMP production, which is the
common intracellular mediator of adenosine recepathway Eredholm et al. 2001 by studying

the adenylate cyclase enzyme activity in the presemd in the absence of PEMF treatment. Our
results did not show any change of basal enzymeitgcand of the response of adenylate cyclase
to the direct activator forskolin used in the alwseror in the presence of cAMP-dependent
phosphodiesterase inhibitor, Ro 20-1724 (data hotva). Forskolin, which directly activated
adenylate cyclase was utilized in this study aesitpe control for CAMP production. Ro 20-1724,
a type IV phosphodiesterase inhibitor preventeddrdegradation of cAMP allowing the accurate
detection of the cAMP levels produced. Moreover,hage evaluated the ability of typical A2A or
A3 adenosine agonists such as CGS 21680 or CI-IE&EMEBo modulate cAMP levels.
Interestingly, in the PEMF-treated bovine or in lamSFs the potency of CGS 21680 or CI-IB-
MECA, in stimulating and inhibiting cCAMP productiaespectively, were significantly increased
when compared with the untreated cells. To furtmafirm that the effects induced by the agonists
on cAMP formation were due to the modulation oframne receptors by PEMFs, we performed
experiments in the presence of typical selectivé Ahd A3 adenosine antagonists such as SCH
58261 and MRE 3008F20 (data not shown). Both inptiesence or in the absence of PEMFs these
antagonists were able to prevent the effect of cAMuced by CGS 21680 or CI-IB-MECA,
through a selective modulation of the adenylatdasgcvia the A2A or A3 receptors, respectively.
Altogether data concerning cAMP indicated that #uenosine receptor subtypes identified in
binding experiment were functionally active. Furthfer what concern the biophysical stimulation,
these data indicated that PEMF stimulus by itsel§ wot able to modify adenylate cyclase activity
and cAMP levels. However, the increase of the éfieduced by PEMFs in cCAMP release, in the
presence of specific adenosine analogs indicated the A2 and A3 receptors remained
functionally active in PEMF treated cells and ttieg increase in the receptor number induced by
PEMFs was associated to an increase in their fomaitiactivity too.

Once established the presence of all four classadenosine receptors in bovine and human SFs,
and confirmed the activity associated to theseptecs, we studied a possible functional role in
modulating inflammatory events in our cell models.

In particular, we investigated the possible rolespécific adenosine receptor subtypes in modifying
the release of inflammatory mediators; we furthadied the involvement of PEMF in modulating
inflammatory response, by itself and/or in comhorawith adenosine analogs.
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To our aims, preliminary experiments were perforniedoovine SFs to evaluate the optimal
concentration of the inflammatory stimulus. In agment with previous studies, both TNFand
IL-1B induced an increase in PGE-2 levels in our cuit@erger et al. 2008 TNF-u at the dose of
10 ng/ml was selected as it induced the maximakase in PGE-2 production (8 fold increase).

In a first series of experiments we analyzed tHece$ of adenosine agonists in the presence of
endogenous adenosine. All the agonists had noteffedasal PGE-2 release, however, CHA,
NECA and CGS 21680 caused a significant inhibibarPGE-2 increase induced by TNFThese
data indicate for the first time the involvementAdf and A2 receptors in the negative modulation
of PGE-2 synthesis in bovine SFs. CI-IB-MECA did nmdify PGE-2 production, suggesting that
the activation of the A3 receptor is not involvad the modulation of PGE-2 synthesis. As
endogenous adenosine potentially could mask thectsad involvement of a specific adenosine
receptor, we investigated the agonist effects ialsbe presence of ADA, an enzyme able to deplete
adenosine levels by its ability to convert adenesminosine Tesch et al. 2004 The presence of
ADA increased basal PGE-2 levels with a dose-respanechanism, confirming the involvement
of adenosine in modulating PGE-2 production, a ifigdconsistent with the first series of
experiments performed in the presence of endogeadesosine and with previous studies in
cartilage cellsTesch et al. 2004; Petrov et al. 2005

In cells treated with TNIF in the presence of ADA, CHA, NECA and CGS 21680uiced a
stronger PGE-2 inhibition than in the absence ofAADhese stronger effects can be explained by
the increased potency in ADA of adenosine agonistspmparison to adenosine. Data obtained by
MTT test in the presence of ADA 2 IU/ml excludedyasffect of adenosine depletion on cell
proliferation and viability.

Therefore these data confirmed our results obtainethe presence of endogenous adenosine,
showing that A1 and A2A adenosine receptors arelwed in the inhibition of PGE-2 production
in bovine SFs. The similar effects on PGE-2 releaB&ined by using NECA (non-selective
agonist) and CGS 21680 (A2A agonist) suggest thaB Aeceptors are not involved in this
functional response. In addition, the lack of aeetfof Cl-IB-MECA seem to exclude a role for the
A3 receptors in modulating PGE-2 production

The canonical transduction signal pathway coupbefilt and A2A receptors includes, respectively,
the inhibition and the stimulation of adenylate lage enzyme, which play a central role in
regulating cAMP levels in the adenosine pathway.aAsonsequence, the stimulation of A1 and
A2A receptor subtypes with selected agonists drieea reduction and to an increase in cCAMP
levels, respectively. As both A1 and A2A agonistisibited PGE-2 release to a similar degree, this
suggested that cAMP changes were not involveddarPtBE-2 inhibition.
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To verify this hypothesis, in parallel experimemis evaluated both PGE-2 release and cAMP
levels, in the presence and in the absence of dN#fene or combined with CHA or CGS 21680.
The obtained data showed although that TiNgreatly increased PGE-2 release, on the conttary i
did not modify cAMP production. In addition, thersiar reduction in the observed levels of PGE-
2, in the presence of CHA or CGS 21680 and thammfhatory stimulus, could not be associated to
similar changes in cAMP levels. In fact as expec@HA did not modify cAMP levels in the
presence of TNk on the contrary CGS 21680 increased cAMP prodacfrurther, as a positive
control for the adenylate cyclase activation, weestigated the effects of forskolin, a direct
activator of this enzyme, on PGE-2 releaS=gmon and Daly 1981Forskolin slightly but
significantly increased PGE-2 release in stimuldiedine SFs, confirming that the PGE-2 release
inhibition observed in our experiments was not didko an increase in CAMP production. These
findings are consistent with the results descrilmegdrevious studies in human SH&ofima et al.
2003.

Other signal transduction pathways, activated bgnadine receptors, might be involved in the
negative regulation of PGE-2 productiddchulte and Fredholm 2003; Ciccarelli et al. 2D0h
particular A2A adenosine receptor can couple with MAPK pathway, implicating a possible
stimulation of ERK1/2 $chulte and Fredholm 2000; Klinger et al. 200R-Burther A2A receptors
can act on PKA activation via Gs stimulatory proféeading to the modulation of both CREB and
p38 MAPK in several cell modelS{ork and Schmitt 2002; Klinger et al. 2002-#k addition A2A
receptor was found to be involved in modulating itméammation by blocking the activation of
NF-kB (Sands et al. 2004 Moreover Al adenosine receptors, which are coedeto Gi/GO
proteins, are able to stimulate ERK1/2 activatioa the -y subunit release, involving PLC-
inositoltriphosphate (IP3) and diacylglycerol (DAggthway(Dickenson and Hill 1998

This and previous studies have shown that PEMRscmthe up-regulation of adenosine receptors;
therefore we evaluated the effects of PEMF expoaunck its possible interaction with adenosine
receptor activity on PGE-2 production.

Similarly to what observed for the adenosine ageni®EMFs did not modify basal PGE-2
production. However, in the presence of endogemolesosine, PEMFs strongly inhibited TNF-
induced PGE-2 release of 63%. Further, PEMFs styoeghanced the inhibitory activity of
adenosine agonists on PGE-2 release.

Since synergistic or additive actions between asi@eoagonists and PEMFs have not been
definitely established, our results cannot permidiive definite conclusions concerning the PEMF
action mechanism. However, some lines of evidereensto indicate that the ability of PEMFs to

inhibit PGE-2 production might be mediated by thHersosine pathway.
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In fact, the increased number of A2A receptors oleskin SFs exposed to PEMFs (Bmax, Table 3)
was associated to the enhanced inhibition of PG&&ase induced by adenosine agonists, in the
presence of PEMFs. Further, in conditions of depletndogenous adenosine, the ability of PEMF
exposure to inhibit PGE-2 production in TNFreated cells was almost lost, suggesting that
adenosine is necessary to mediate PEMF effect laadthe electromagnetic stimulus may act
through the adenosine pathway. Indeed, our findahgsv for the first time that PEMFs can inhibit
inflammatory activities in SFs and act in conceithvadenosine analogs by enhancing this cellular
response; in particular PEMFs may induce the negatnodulation of PGE-2 through A2A
receptors, which are up-regulated by PEMFs expodusefurther confirm this hypothesis, other
experiments have to be performed: in particulacifigeadenosine antagonists for selected receptor
subtypes, that seem to be involved in PGE-2 reigmlahave to be used. In our experiments in
bovine SFs, a specific A2A receptor antagonistrdilcompletely contrast the agonist action (data
not shown), suggesting that other experimental Wweaye to be pursuit to establish a specific role
for a definite adenosine receptor. The use of tRABIA methodology, to silence specific adenosine
receptors, might be helpful in bovine SFs-ThHstimulated, in the presence and in the absence of
adenosine analogs and PEMFs.

Finally, our results show that the ability of adsim@ agonists and PEMFs to inhibit PGE-2 release
is mediated by a down-regulation of TNéinduced COX-2 mRNA expression. Worth of note, a
similar effect is also induced in human SFs by knanti-inflammatory drugd-ahmi et al. 200

On the results obtained in bovine SFs, we addressedtudy to a model of human SFs deriving
from OA patients.

The similar pharmacological behaviour between bevand human SFs indicated that PEMF can
modulate adenosine receptor availability on thé oembrane also in human SFs and further
encouraged the study of the PEMF effects on planmihatory parameters, released by human SFs.
In these cells we investigated the effects of PEMRSPGE-2 and IL-6, as several evidences
demonstrate that the regulation of the prostandind®s IL-6 productionlfoue et al. 2002
Preliminarily we stimulated human SFs by using wlassical pro-inflammatory stimuli, TNé&-
and II-18, as reported in literatureC@stor et al. 1997; Ospelt et al. 2008n these cells TNIle-
increased PGE-2 and IL-6 release of 12 and 35rkdgectively, whereas ILB1stimulated PGE-2

of 20 fold and IL-6 of 124 fold, in a dose-respons&nner. The main importance of IB-&as a pro-
inflammatory stimulus in driving OA is well documed Goldring and Goldring 2004; Martel-
Pelletier et al. 2006
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Similarly to what observed in bovine SFs, our ddtawed that PEMFs did not modify basal levels
of PGE-2 and IL-6 release. However in the preseridelp, PEMFs significantly reduced PGE-2
and IL-6 release (P<0.05) induced by the inflammasdimulus. Here, for the first time, we show
an important anti-inflammatory role for PEMFs imhan OA SFs.

The similar pharmacological behaviour between bevamd human SFs and the analogous anti-
inflammatory activity of PEMFs, lead us to furtteeralyze the possible functional role of adenosine
receptors combined to the biophysical stimulation.

On this basis we are proceeding our study, poirdingattention to elucidate if adenosine receptors
may regulate inflammatory activities also in hun&ffs, and to elucidate if PEMF action may be
modulated by adenosine receptors.

The pharmacologic treatment of OA and RA includes tise of NSAIDs as well as the PGE-2
blockade by aspirin and COX-2 inhibitors, that leeen a useful anti-inflammatory strategy for
more than a century. However, it is known thatdppearance of side-effects may limit the chronic
use of these drugs. The findings of the preserdystpen new perspectives to the control of
inflammation associated to joint diseases. It i;idte that both adenosine and PEMFs modulate
chondrocyte activities too. In cartilage cells, moine and the A2A receptor have been involved in
the inhibition of inflammatory and matrix degradiagents and PEMFs promote anabolic activities
and prevent cartilage degradatiobe( Mattei et al. 2003; 2004 and 2007Thus, previous
observations and the results of this study sugtest adenosine analogs in combination with
PEMFs, may reduce inflammation and cartilage degran in articular joints, by targeting both
SFs and chondrocytes. Indeed, in vivo, the sepalali¢éy of adenosine analogs and PEMFs to limit
joint destruction has been previously verified mnaal models Ciombor et al. 2003Cohen et al.
2004 and 2005; Fini et al. 2005 and 200&nd in clinical studies PEMFs stimulation have a
documented positive effect after knee arthroscapy patientssuffering by knee OATrock. et al
1994; Jacobson et al. 2001; Nicolakis at al. 2082rzi et al. 200Y.

In conclusion the data reported in the bovine m@tlel are useful to delineate an anti-inflammatory
potential for adenosine analogs and show for tiet fime the involvement of specific adenosine
receptors in the inhibition of inflammatory evemsSFs. Moreover here, for the first time we show
that PEMFs may act in the inhibition of inflammataactivity in SFs. In addition, we suggest a
possible action mechanism of PEMFs, that seent ¢fieir anti-inflammatory activity through an

involvement of adenosine receptors.
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VI

CONCLUSIONS

A notable result of this study is the identificatiof the expression and the pharmacological
characterization of adenosine receptor subtypes AR, A2B and A3) in bovine and in human
SFs. Furthermore data presented here show thabsiderpathway is involved in the modulation of
anti-inflammatory activities in bovine SFs, spemfly through the activation of A1 and A2A
adenosine receptors subtypes.

A second important issue of this study is that bygical stimulation with PEMFs can significantly
inhibit the release of inflammatory parameters bothovine and in human SFs. Further, this study
establish alink between PEMF stimulation and adenosine pathwsaggesting that specific
adenosine receptors may represent the molecuggtsanf biophysical stimulation.

The similar behaviour, by a pharmacological pointiew, between bovine and human SFs and the
similar PEMF effects in modulating adenosine regepinding parameters, cAMP levels, and in
reducing the release of inflammatory moleculesaatdi that bovine cells may be useful to study
inflammatory mechanisms in articular pathologiesadldition, the similar data obtained in bovine
and human SFs encourage further studies in the tmmggibmodel to investigate the possible role of
specific adenosine receptors and PEMFs, in modgjatiflammatory activities.

Worth of note, this study showlsat PEMF exposure combined with specific adenoairedogs can
inhibit inflammatory parameters such as PGE-2 sdethrough the down-regulation of COX-2
MRNA expression.

From a clinical point of view, the common pharmagital treatments of articular pathologies
include acetaminophen, NSAIDs and COX-2 selectigbitors. Nevertheless, it is known that the
side-effects induced in patients may limit a chcounse of these drugSherefore, the evidences
obtained in this study open interesting perspestigedevelop new treatment approaches in joint

diseases, based on the role of adenosine analdg?3EviFs in modulating inflammatory activities.
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