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INFLAMMATION

Inflammation is a defense reaction to an injury dfferent type
(bacterial, physical, chemical etc.), whose ultengiurpose is the
elimination of injurious cause and the restoratafntissue integrity.
Signs and symptoms of inflammation depend upomniieeaction among
different cells and mediators into the damagediéiss

Cells involved are either leukocytes recruited frangulation and those
resident into the tissue, such as mast cells, maages, but also stromal
cells, such as endothelial cells, fibroblasts, simoauscle. Inflammatory
mediators are produced by all cells involved, sabamd recruited.
Depending on their biochemical properties, inflartonamediators may
be classified into seven groups: vasoactive amwvesgpactive peptides,
complement components, lipid mediators, cytokindsemokines and
proteolytic enzymes (Medzhitat al, 2008).

Biogenic amines are preformed mediators, stored mast cell and
platelet granules released following activationeifmain effect is on
vasculature, where they cause increased vasculanepbility and
vasodilatation. Vasoactive peptides can be stareskecretory granules,
such as substance P, or generated by proteolysib, & bradykinin;
these peptides also affect vasculature and havealgesic effect.

Complement fragments, such as C3a, C4a and Cb5aoprowell



recruitment into the damaged tissue. Lipid medste@icosanoids and
platelet activating factors (PAF), derive from draonic acid as
products of cyclooxygenases (prostaglandins andnthoxane) or as
products of lipooxygenase (leukotrienes and lipskinor from
lysophosphatidic acid (PAF). Prostaglandins, leakoes and PAF all
participate to cause signs of inflammations, vdatation or smooth
muscle contractions, cell recruitment, pain, fevan; the other hand,
lipoxins are involved in resolution of inflammati@md tissue repairing
processes. Proinflammatory cytokines (IL-1, IL-6NFx and many
others) have several roles in inflammatory respotisgy activate cells
and induce acute phase response; antinflammattokiogs, such as IL-
10, can inhibit the production of inflammatory dgtees and down-
regulates previously activated cells. Chemokinesrasponsible of cell
recruitment into the damaged tissue. Proteolytic zyeres,
metalloproteinases, cathepsins, elastin, have & ol degrading
extracellular matrix, in tissue remodeling and leake migration (Pober
and Sessa, 2007; Bartenal, 2008).

In other words, all cells, either recruited or sted participate actively to
the inflammatory process through the productiorsafible mediators
responsible, in turn, for other cell recruitment this way the
inflammatory process, with its actors, cells anddiaers, possess a

greatself-amplifying” ability (Figure 1).



Over the years the list of soluble mediators inedlin the inflammatory
response has been growing until nowadays whekntsvn that close to
the early recognized inflammatory mediators, fogtgenic amines and
then prostaglandins, cytokines, chemokines, grow#ttors all
participates in a coordinated network to orchesttae inflammatory
response. However, the ultimate purpose of inflattomais the

restoration of tissue integrity (Medzhitet al.,2008).



#§ 1. Bacteria and other
‘ pathogens enter wound.
L]

2. Platelets from blood release
blood-clotting proteins at
wound site.

3. Mast cells secrete factors

of blood, plasma, and cells to
injured area increases.

4. Neuttro| secrete
factors that kill and degrade
pathogens.

5, Neutrophils and
macrophages remove
pathogens by phagocytosis.
6. Macrophages secrete
hormones called cytokines
‘that attract immune system

cells to the site and activate
cells involved in tissue repair.

7.1 response
continues until the foreign
material is eliminated and
the wound is repaired,

Figure 1. Cellular components of inflammation.



It is known that the natural outcome of the acatammatory program
Is the resolution and repair of tissue damageurilof this program
leads to chronic inflammation and loss of organctiom. Thus together
with pro-inflammatory mediators there are as mang-iaflammatory
whose role is to dampen out inflammation.

Resolution of inflammation may be considered aagral component of
the program of acute inflammation. It is an actorecess regulated by
natural immunosuppressive mechanisms, represerdin{metabolic
switch” to preserve host defense and tissue iritegfiuring the early
stage of an inflammatory response a large numbdewocytes are
recruited from circulation; at the end of the infilmatory process, these
effectors cells will be cleared due to the losswifvival signals derived
from the interactions with stromal cells, leading @&poptosis and
subsequent phagocytosis of dead cells by monocyteslerived
macrophages. Once phagocytosis is complete, maageghexit the
inflamed site by lymphatic drainage (Serhan andl®e2005; Serhan,
2007). Another important aspect of resolution iat tetromal cells that
hosted the inflammatory event revert back to a nflammatory
phenotype (Fileret al., 2006). In chronic inflammation, the resolution
phase is prolonged and disordered, leading to #rsigtence of cell
infiltrate that become rich in monocytes and T yropytes rather than

neutrophils.



Thus, inflammation is also asélf-limiting” process; its turning into a
chronic process can be understood as being thdt resweither the
persistence of a stimulus, or of a deregulatiorthef endogenous anti-
inflammatory mechanisms that normally regulateré@solution (Serhan
and Saville, 2005; Lawrence and Gilroy, 2007) (FegR). A novel anti-
inflammatory therapeutic approach would be to pmaem those

mechanisms involved in the resolution phase.
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A Onset and resolution of inflammation
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Figure 2lllustration of the cellular kinetics and sequehtialease of mediators during the
evolution of the inflammatory response from ongetdsolution. (A) Inflammation causes the
immediate and sequential release of signallingofacto neutralize the injurious agent. (B)
Failure of acute inflammation to resolve adequatwyld result in chronic inflammation (C)
Thus, for the effective resolution of acute inflaatran we need to curtail further influx of
inflammatory leucocytes signal monocytes/macropbdgehagocytose and clear all these cells
from the site of injury once the inflammatory stilomi posses no further threat. (Lawrence and

Gilroy, 2007).



Linking inflammation and haemostasis

Inflammation and haemostasis cannot be considesetiva separate
processes, since there are several connectingspuogiting them part of
unique, defensive host response. There is much eeva that
inflammation triggers haemostatic imbalance. Expental and clinical
data demonstrate that inflammation is associateghtomcreased risk of
cardiovascular events (Cicala and Cirino, 1998;adorand Ribero,
1999; Cicaleet al, 2007).

During an inflammatory state, several cytokines dsting on the
expression and synthesis of several proteins imebla coagulation and
fibrinolysis are responsible for impairing the bada between pro- and
anti- coagulant factors toward a pro-thrombotid¢es{&icala and Cirino,
1998). Indeed, proinflammatory cytokines (IL-1 amBlFa) increase
tissue factor (TF) expression. TF is a 44000 md&cuweight
membrane-bound glycoprotein binding factor Vila (Mar et al,
1996). The TF-Vlla complex activates factor X amatbr IX, thereby
initiating proteolytic cascades that result in thimn formation and
blood clotting (Fayet al, 2010). At the same time, cytokines, and in
particular TNFi, are mainly responsible for the downregulation of
thrombomodulin (TM).

TM is a high affinity receptor protein for thrombaémd it is expressed on
the endothelial surface. The thrombin-TM completivates Protein C,

12



stimulating the fibrinolytic pathway. In the casé ioflamed tissue,

thrombin is not able to bind TM and therefore tileiholytic pathway is

not activated. This phenomenon is due to the TM rdoegulation

caused by cytokine release into the inflamed #itehis way, it is clear
that there is an alteration of the coagulative adscthat may lead to
critical thrombus formation (Esmon, 2003) (Figuje 3

Endothelium might be considered a surface intemfpgiflammation and
haemostasis. In particular, when the endotheliuomer physiological
conditions, the balance between its pro-and antirtbotic features is
preserved; on the contrary, when the endotheliudamaged, it looses
these properties and becomes an idoneous surfaeéhich the first

contact between inflammation and haemostasis tplee® (Cicala and

Cirino, 1998; Gorart al, 2006; Esmoret al, 2011).
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Tissue factor ‘l‘

P Selectin 1.
CD40 ligand f

Leukocyte adhesion "‘
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Figure 3. The impact of coagulation on inflammation and thgact of
inflammation on coagulation. Coagulation triggeratget activation and
leads to P selectin and CD40 ligand expressiorlgasurface. Inflammation
in turn leads to tissue factor induction, leukocgtéhesion, thrombomodulin
down regulation, and complement activation. Thusgecdation increases
inflammation that in turn increases coagulatiomgBset al, 2011).

Another important aspect to be considered when lithle between

haemostasis and inflammation is examined is thetribomion of

platelets to both processes (Lindemagtnal, 2001; Ruggeri, 2006).
Platelets are considered like effective elementsthef inflammatory
system. Under physiological conditions, plateletsutate freely in the
blood. On the contrary, when endothelium is damag&atelets adhere
to collagen fibres of the subendothelium, therebgdming activated.
Activated platelets express on their surface mdéscdriving platelet-

endothelium adhesion and platelet-leukocytes intema (Figure 4).
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Figure 4. Representation of thrombus development: A) vassit@tion; B)
primary hemostasis; C) secondary haemostasis; Domibus and anti-
thrombotic events.

For example, P-selectin, translocated on platelefase following
activation, engages its receptor P-selectin glyat®m -1 (PSGL-1) on
polymorphonuclear (PMN) and monocytes; the intéoacbf platelets
with leukocytes may result in local fibrin depasiti through an
increased TF expression in these cells (Palaletieh, 1992; Celiet al,
1994; Maugeret al, 2006).

The platelet receptor GRIib engaged on platelet surface following
activation, binds to P-selectin and von Willebrafettor (VWF)
externalized by endothelial cell granules followingscular damage
(Nurden, 2011).

Other adhesive proteins that have been describgdatelets, important

for cell-cell interaction, are CD40 and CD40L. Octivzated platelet

15



surface, CD40L by binding CD-40 (its counter-recepin endothelial
cells and monocyte/macrophages), promotes platelet®ocytes and
platelets-endothelial cells interactions (Zarboek al, 2007). The
interaction between CD40L-CD40 promotes cell-celhesion but also
up-regulates several functions in monocytes, swlcleemokine and
cytokine secretion, expression of tissue factoregplation of adhesive
receptors and differentiation of monocytes into rapbages (Henmt
al., 1998; Liet al, 2008; Cerlettet al, 2011).

Another important molecule promoting platelet adbreso endothelium
and monocytes is C reactive protein (CRP). C reagirotein is an acute
phase protein whose synthesis in the liver is uritier control of
cytokines. CRP has also been found in the waldaofiaged vessels and
into atherosclerotic plaques (Hirschfield and Pegge3).

CRP consists of five identical subunits of 206 avairids each;
pentameric CRP can be dissociated in monomersrditheitro or in
vivo. Pentameric and monomeric forms of CRP have béewrs to
possess different biological activity. Plateletoress CRP receptors
FcyRIIl (CD16) and FgRIla (CD32) (Filep, 2009). It has been shown
that pentameric CRP by binding to yRila on platelets inhibits
platelets-neutrophils interactions (Khreetsal, 2004). On the contrary,
monomeric CRP, by binding to &Il on platelets promotes platelet-

neutrophils interaction (Filep, 2009). Furthermoaetivated platelets

16



convert pentameric CRP to monomeric. Thus, it igtlvanoting that
CRP regulates platelet activation and, in turn,tgid activation
regulates the conformational status and biologfoalction of CRP.
Thus, monomeric CRP, through platelet activatioly lead to monocyte
activation, thus representing an important mecimanidinking
platelet/monocyte activation and invasion of thecudar wall (Yaroret
al., 2006; Danenbergt al, 2007; Fay, 2010).

Furthermore, CRP inhibits also fibrinolytic pathwhy inhibiting the
release of tissue plasminogen activator (t-PA) stmdulating the release
of plasminogen activator inhibitor-1 (PAI-1) frormdothelial cells
(Devarajet al, 2003; Singhet al, 2005). In summary, CRP, that since
long time has been considered a marker of cardoovNas risk during
inflammation, is now known to play an active rola linking
inflammation and thrombosis by affecting the fuactof blood platelets,
coagulation cascade and the fibrinolytic pathway.

Adenine nucleotides (ATP and ADP) are plateletvattirs; conversely,
adenosine, the final product of the nucleotide blydis, is a vasodilator
and inhibitor of platelet aggregation (Burnstock99@). In an
inflammatory environment, ADP released from ac®datplatelets
contributes to stimulate other platelets. CD39 is exto-nucleoside
triphosphate diphosphoydrolase (E-NTPDase), ulngsly expressed

on cell surface, metabolizing ATP to ADP and to AMRus reducing

17



ADP concentration at the site of injury. Hence, ©DBas been
considered a key modulator of thrombus formationah inflammatory
environment the loss of CD39 activity from activcatendothelium
sustains platelet aggregation and thrombogenesken@dnet al, 2006).
On the other hand, within a damaged tissue theased expression of
CD39 on inflammatory cells, working in tandem wiib73 (catalyzing
the conversion of AMP to adenosine) might causéitibn of platelet
activation by increasing extracellular adenosinele (Johnston-Cogt

al., 2010).
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ADENOSINE

Prolonged and inappropriate inflammation due to pleesistence of
cytotoxic proinflammatory molecules may cause desion of normal
bystander cells. Thus, prolonged and inappropnl@mmation must be
regulated by natural immunosuppressive mechanisemesenting a
“metabolic switch”to preserve host defense and tissue integrity.
Adenosine and its receptors are possible candidatedved in the
natural down-regulation of inflammation (Linden, 0B) Fredholm,
2007)

Adenosine is a nucleoside always present both nveghd outside cells in
nanomolar concentration (10 — 100 nM) under phggickl conditions,
deriving by the breakdown of intra — or —extra well adenine
nucleotides. Physiologically, adenosine concemmnats constant and
finely regulated by an equilibrium between the as#llular release and
the cellular re —uptake and its conversion to im@siTwo enzymes
regulate this equilibrium: adenosine deaminase (ARAd adenosine
kinase. ADA is mainly a cytosolic enzyme but casoahppears on the
cell surface of several immune and non immune ¢ettsoADA); ADA
catalyzes the deamination of adenosine to inogwenosine kinase is
an intracellular enzyme catalyzing the adenosinesphorylation to

AMP (Bourset al, 2006).
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Following trauma or cellular stress, such as duhpgoxia, ischemia or
inflammation, extracellular adenosine levels inses@apidly following

ATP degradation (Fredholm, 2007).

Two ecto — enzymes working in concert, the nuch®driphosphate
diphosphohydrolases, ecto-apyrase (CD39), andtan ®e nucleotidase
(CD73), are involved in the adenine nucleotides RAand AMP

respectively) breakdown in adenosine; they aretémcan cell surface
but may be found as soluble forms in the inteedtiiedium and in body

fluids (Schetingeet al, 2007) (Figure 5).

& e

& g L Phosphodiesterase

e AMP == ADP—=2ATP
v Adenylate kinase _

' ' S'ﬂucleotidase '_ )
) d Adenosine kinase

i Adenosine daamina
Inosine

Nucleoside ||
transporter W8\

Hypoxanthine —— Uric acid

ce“ ) L
membrane “<_ e

Figure 5. Metabolism of adenosine

Extracellular adenosine accumulation representseaty endogenous
signal controlling inflammation and immune respasédenosine
protective effects fall in four main mechanismsisitprotective against

iIschemic damage by cell conditioning; it increas®s ratio of oxygen

20



supply to demand; it promotes angiogenesis andgtantinflammatory

effects. (Lankforcet al, 2006; Fredholm, 2007) (Figure 6).
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Figure 6.The inflammatory response to infection or tissaendge depends on
the coordination of adenine nucleotide metabolisich signaling among many
cell types via purinergic receptors that recogidé®, ADP, or adenosine. A
neutrophil migrating toward a chemotactic stimul@sILP) releases ATP

from its leading edge. ATP is dephosphorylated tipenzymes (CD39 and
CD73) to ADP and adenosine. Gradients of ATP arghasine initiate and
accelerate directional chemotaxis via P2Y2 and Algnasine receptors,
respectively, on neutrophils. Other adenosine recggA2A and A2B) inhibit

neutrophil chemotaxis and adhesion to endothek#is,cas well as platelet
aggregation.
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Adenosine Receptors

Adenosine effects are mediated through the interactith four G-

protein coupled receptors, indicated ag Ao, Ass, Az, (Figure 7),

belonging to the family of purinergic,Peceptors. They are widely

expressed on a variety of immune and non immunks ¢&hble 1).

Although they bind the same agonist, they differseveral aspects,

including their affinity binding for the agonisheir expression profile in

different cell types; the identity of the G — pirate to which they are

coupled and their sensitivity to receptor phospladign. All these

factors combined determine the extent, the duradiwh the outcome of

cellular exposure to adenosine and, in the endatéiche nature of the

response to adenosine tissue accumulation (Poléea; Hasko and

Cronstein, 2004).

Table I: Pharmacological classification and anatomicatrithgtion of adenosine-

receptor subtypes

Receptor Agonist Antagonists Distribution
subtype
Al CHA>NECA>CGS21680 DPCPX>XAC>CGS15943Heart, adipocytes, respiratory smooth
>SPT muscle, neutrophils, kidney, hippocampus
cortex
A2A CGS21680~NECA>>CHA ZM241385~SCH58261~C Platelets, neutrophils, vasculature,
GS15943>XAC>DPCPX pancreas, mast cells, striatum
A2B NECA>CHA>>CGS21680 XAC>CGS15943>DPCPX  Vascular, testinal and respiratory
smooth muscle, chromaffin tissue, mast
cells, brain
A3 2-Cl-IB- MRS1220~IABOPX>L268 Testis, kidney, lung, must cells,
MECA>APNEA>NECA~ 605>>XAC>DPCX eosinophils, neutrophils, heart, cortex,
CGS21680 striatum
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A, adenosine receptor (R), a high affinity receptor, is coupled to aghd G
proteins, its activation results in adenylyl cyelaactivity inhibition and
increased activity of phospholipase C (PLC) throug# subunits. Into the
cardiac muscle, iR can activate a potassium channel, leading tmereased
K* efflux from the cell. This adenosine receptor gpbtis found in adipose
tissue, heart muscle, central nervous system, gsaad inflammatory cells
such as neutrophils.

A,xadenosine receptor {AR), a high affinity receptor, is coupled to a G
protein, its activation results in the increasadénylyl cyclase activity.

A,s receptors are expressed in the central nervougmysvascular
smooth muscle, endothelium and on neutrophilseldts, mast cells and

T cells.

A,p adenosine receptor §4R), a low affinity receptor, is coupled to both

Gs and @, its activation may lead to increased adenylylase activity

(Gs) or to phospholipase C (PLC) activationg(@esulting in calcium
mobilization. It has been identified widely incladiin the brain, human
bronchial epithelium, endothelial cells, muscldszateurons, glial cells,
fibroblasts and mast cells.

A; adenosine receptor §R), a low affinity receptor, is coupled to a G

and its activation results in adenylyl cyclase\astiinhibition but it can

also stimulate PLC, leading to increased calciumceatration. The A
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receptor is widely distributed, being found in tkieney, testis, lung,
mast cells, eosinophils, neutrophils, the heartlaath cortex.
Adenosine receptors are expressed on all cell typeslved in
orchestrating an inflammatory/immune  response, uiliog
monocytes/macrophages, dendritic cells, mast celisutrophils,
eosinophils, platelets, fibroblasts, epithelial Iselendothelial cells.
Through the interactions with its receptors adamsnay be beneficial

or detrimental to tissues (Polosa, 2002; Linde®12®@urnstock, 2006).

Adenosine Receptors: A, A, A, A,

Adenosine
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Figure 7. Adenosine receptors
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Adenosine and inflammation

As described above, inflammatory tissue injury campanied by
increased levels of extracellular adenosine; thetnmportant factor
causing adenosine accumulation is hypoxia in infldrissue.

Recently, considerable evidence has been accumutateadenosine
involvement in inflammation through activation ds§ ireceptors. The
interest on the role of adenosine in inflammatias been growing also
following the finding that some antinflammatory dsy nimesulide,
salycilates, and methotrexate exert their effettoough adenosine
signaling (Capecchat al, 1993; Cronsteiet al, 1993; 1999; Cronstein,
1994; Amann and Peskar, 2002; Bernatdal, 2007).

On inflammatory cells, adenosine may have oppositect, being
protective or harmful, depending on receptor subtggtivation. This
discrepancy between pro - and anti- inflammatorgnagine effects
might also been attributed to the different recepdastribution in
different tissue and/or to an alteration of tiseeieptor expression under

pathological conditions (Zimmermann, 2000; Boetral, 2006).
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Adenosine A, receptor and inflammation

There isin vitro andin vivo evidence that adenosine signalling through
A,a receptor plays the major role in controlling imflaation and
Immune response.

In vitro studies have demonstrated thaf, Activation on neutrophils
inhibits oxidative burst and chemokine productinrresponse to several
stimuli (Cronsteiret al,, 1986; 1988; Barnest al, 1995; McCaollet al,
2006) and on human monocytes the release of paonmflatory
cytokines. Trough A\ receptor on lymphocytes, adenosine inhibits
activation and expansion. The majority ofsAeceptor inhibitory effects
on immune and inflammatory processes have beeropeoip occuria
cAMP/PKA activation. (Huangt al, 1997; Hasko and Cronstein, 2004;
Haskoet al, 2007).

Studies performedn vivo have demonstrated that administration of
selective Aa agonists inhibits inflammation in models of ischami
reperfusion injury of various organs; Ainhibits also lung inflammation
caused by pro- inflammatory stimuli (Palmer andvéthick, 2008).
Furthermorejn vivostudies have demonstrated that administratioheof t
A,a agonist, CGS21680 to ovalbumin (OVA) sensitized¢danieduces
cell influx to the airways (Bonneaat al, 2006). The protective effect of
A5 receptor has also been demonstrated in a murirgelnod LPS-

induced acute respiratory distress syndrome (Tleielal, 2005).
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Furthermore, it has been demonstrated thataktivation also protects
from stress — induced gastric lesion in the rat dra dependent upon
neutrophil infiltration (Odashimat al, 2005). It has been shown that
A, receptor activation on neutrophils increases ¢@pression and
the following production of PGE a prostanoid with antinflammatory
properties (Cadiaugt al, 2005). More recently it has been demonstrated
a beneficial role for A, agonist, CGS21689, also in a model of chronic
inflammation, as collagen induced arthritis in mi@dazzon et al,
2011).

A5 adenosine receptor has also been shown to plajeainr matrix
deposition and wound healing in a damaged tissu@yibuting to either
fibrotic disorders and repairing processes (Monteset al, 1997; Chan

et al, 2006A; Cronstein, 2006) (Figure 8)
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Figure 8. During inflammation, the formation of a blood tl@-establishes
hemostasis and provides a provisional matrix fdt wegration. Cytokines
play an important role in the evolution of granidat tissue through
recruitment of inflammatory leukocytes and stimwlatof fibroblasts and
epithelial cells

By performing experiments in A deficient mice it has been

demonstrated that ;A receptor signaling represent an endogenous

antinflammatory mechanism; indeed, mice deficiamtA,, receptor
display an exaggerated inflammatory response inetsoaf hepatitis and
sepsis (Onhtaet al, 2001; Chanet al, 2006 B). Furthermore, mice
lacking Apa receptor have shown exaggerated lung inflammatiwhcell

infiltration following sensitization (Nadeest al, 2007).
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A receptor expression on immune and endothelial cellp-regulated
by inflammatory cytokines (ILfi, TNFx) (Khoaet al, 2004; Nguyeret
al., 2003). All these data support the hypothesisithan inflammatory
environment signaling through,Areceptor functions to switch off the

inflammatory process.

Ectonucleotidases

Ectonucleotidases are enzymes that hydrolyze esthuder nucleotides
to their respective nucleosides. There are fouromdamilies of
ectonucleotidases, namely E-NTPDases (ATP to ADB ABP to
AMP), alkaline phosphatases (ATP to ADP to AMP tdeAosine), E-
NPPtype pyrophosphatase/phosphodiesterase (ATRMVt®) And Ecto-
5-nucleotidase @ (AMP to adenosine). The distribatio of
ectonucleotidases is as ubiquitous as that of otidee receptors
(Schetingeet al, 2007).

Although there is much work confirming adenosinetgctive role in
inflammation, it is not yet clear the mechanisnthat basis of adenosine
antinflammatory effect neither how steps involvad extracellular
adenosine accumulation are regulated during inflatiam.

Two ectonucleotidases (CD39 and CD73) play a k&yiroextracellular
adenosine accumulation. NTPDase 1 (CD 39), ectoaspy degrades

equally well ATP and ADP. Ecto 5- nucleotidase () degrades
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AMP in adenosine. The central function of theseyares is to increase
extracellular production of adenosine.

To date, it is has been shown that stimuli caussdgnosine
accumulation cause also an increased expressitinesé enzymes on
cells (Robson et al., 2006; Schetinger et al., 2007

There is evidence that inflammatory stimuli inceeg&3D39 and CD73
expression and/or activity on cells involved in thBammatory/immune
responses, such as neutrophils, monocytes, lympéscit has been
demonstrated that following hypoxia activated nepitils release ATP;
at the same time hypoxia induces an increased ssipreof CD39 and
CD73 on vascular endothelium causing a rapid faonabf adenosine
deriving from ATP breakdown. Adenosine, in turna VA, activation
inhibits neutrophil function; indeed, knock out mifor these enzymes
show increased neutrophil accumulation followingdwia (Eltzschiget
al.,, 2004). Thus, the increased adenosine levels geo@ negative
feedback signal that counteract neutrophil actwvatihigh levels of
extracellular adenosine, following tissue damage, @nserved by the
increased CD39 and CD73 expression (Eltzsehigl, 2004; Bourset
al., 2006).In vivo, by performing experiments in CD39 null mice isha
been shown that CD39 is required for optimal statiah of hapten

reactive T-cell (Mizumotet al, 2002).



Both CD39, ecto— apyrase, and Cd73 on endothek#ls qlay a
protective role against vascular injury. In a moatehypoxia in vivo, in
knock out mice for CD73 it has been shown thateénzyme through the
generation of extracellular adenosine plays a atuale for vascular
leakage (Thompsoet al, 2004).

In mice airways, CD39 and CD73 have shown to bmaate protective
pathway from damage caused by mechanical ventilgtwkle; 2007).
Both enzyme are also over expressed in airwaysiad following LPS-
induced lung injury and play a role in attenuatppgymorphonuclear
trafficking (Reutershaet al, 2009).

As described above, CD39 plays a critical rolehm ¢ontrol of vascular
thrombosis; it has been shown that following endlmh cell activation
the ATPDase is lost and this might contribute tescudar damage
(Atkinson et al, 2006). Nonetheless, transgenic mice overexprgssi
CD39 are protected from myocardial ischemia inj(@ai et al, 2011;
Deaglioet al, 2011).

Thus, these enzymes might represent a key stepnafuaial metabolic
switch whose final product is represented by aderosA better
knowledge on the role of these enzymes in inflanmonatvould help to
clarify the physiopathology of inflammation andittentify therapeutic

target that activate endogenous protective mechmsnis
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INTERLEUKIN 17

Interleukin-17: family overview

IL-17A, a 153 amino acid polypeptide, is the old#sscribed member of
IL-17 family. It represents the prototypic membefr @ family of
cytokines that also includes IL-17B, IL-17C, IL-17#ddd IL-17F (Table
Il and Figure 9). IL-17E was independently ideetfi now it has been
renamed IL-25 and it is no longer considered asember of IL-17
family, it has been shown to have anti-inflammatq@mpperties by
inducing Th2 responses (Kolls and Linden, 2004)1L(synonymous of
IL-17A) is a homodymeric glycoprotein of 155 amicms and a
molecular weight (MW) of 35 kDa.

All members of this cytokine family, except IL-17Bsxert their
biological effects as dimers, by binding to IL-1&ceptors that are
ubiquitously expressed.

IL-17A and IL-17F are the best characterized memloérthis cytokine
family. Both are homodimers, but recent findingswltthat mouse and
human CD4+ cells can produce heterodimer formsLei7A-IL17F
(Changet al, 2007).

IL-17 is mainly produced by a subset of T helpeltscéCD4" cells)
termed Th17, phenotypically and functionally distiirom Thl, Th2

and T regulatory cells (L.
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In mice, the presence of two cytokines, transfogngmowth factorf
(TGH3) and IL-6, is responsible for naive Th cells pialation towards a
Th-17 subtype; both cytokines cause upregulation 1bf23 receptor
expression on T cells and, in turn, IL-23, togetivéh IL-12, stimulates
IL-17 production in Th17 cells. Humans Th17 dispksnilarities and
differences in their differentiation, with mouse-I# cells: IL-13, IL-23
and IL-6 seems to drive differentiation of naive ddils towards Th-17,
however is still unclear the role of T@Ht is worth noting that besides
Th-17, other cell types can produce IL-17 such asimal killer T cells

and neutrophils (Aggarwait al, 2002).

Table II: The human IL-17 cytokine family.

IL-17 family Molecular Receptor Source Proposed pathogenic role
member weight (kDa)

IL-17 35 IL-17RA+C TH-17 cells, CD8cells, T Induction of neutrophil-mobilizing
cells, iINKT cells, mediators, induction of
granulocytes(?), antimicrobial cytokines,
macrophages (?) accumulation of  neutrophils,

stimulation of osteoclastogenesis

IL-17B 41 IL-17 RB Not determined Not determined

IL-17C 40 ? Not determined Not determined

IL-17D 52 ? Not determined Not determined

IL-17F 44 ? Th-17 cells Induction of neutrophil-nilizing
mediators, accumulation of
neutrophils
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Figure 9. Interleukin-17 family

Interleukin-17: receptor family

The IL-17R family consists of five receptor suldanirom IL-17RA to
IL-17RE (Aggarwal.et al, 2002). IL-17RA is a type | transmembrane
protein consisting of an extracellular domain (29%A), a
transmembrane domain (21 AA) and a cytoplasmic doifZdAA). IL-
17 RA is expressed in a variety of cells in humand mice, such as
epithelial cells, fibroblasts, B and T lymphocytagutrophils, bone
marrow cells (Lindenet al, 2005; Dragonet al, 2008). IL-17A
stimulates a receptor complex formed of IL-17RA dhdl7RC; the
latter shows similarities to IL-17RA while the fummmal characteristics
of the other receptors are still unclear (Ivanod aindén, 2008).
Following activation of the IL-17R complex, IL-17#ignalling involves

at least two downstream pathways; the first invelthee adaptor protein
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nuclear factor-kB activator (Act-1) that forms angaex with the SEFIR
domain (a cytoplasmic protein segment present limaimbers of IL-
17R family); subsequently, intracellular signallingolecules, such as
tumour necrosis factor- receptor associated fg@RAF 6 and TRAF3)
and transforming growth factor activated kinasd' AK1) are activated
and, in turn, mediate the activation of transooiptfactors. The second
pathway described is Act-1-independent and invoaawation of Janus
kinase-1(JAK1) and phosphatidylinositol 3-kinas¢3&), followed by
subsequent inactivation of glycogen synthase ki(@sK)-3 and gene

activation (lvanov and Linden 2008) (Figure 10).
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Figure 10. Intracellular IL-17 signaling. (a) Act-1 depentteafter ligand
activation of the II-17 receptor R complex (i.e-1Z RA and IL-17 RC), the
adaptor protein nuclear facteB activator 1 (Act-1) forms a complex with the
similar expression to fibroblast grow factor (FG¥enes and IL-17 receptor
(SEFIR)domain of IL-17 R complex. Subsequently,raoéllular signal
molecules (e.g. TRAF3, TRAF6, and TAK1) are acthtoading to the
involvement of transcription factors such as &B=-As consequence secretion
of neutrophil-mobilizing is induced. b) Act-1 indapdent: it involves Janus
kinase (JAK)1 and phosphatidylinositol3-kinase I3 followed by
subsequent inactivation of glycogen synthase kind&SK)-33, gene
activation and cytokine secretion.Interleukin-17#anflammation.



Interleukin 17 and inflammation

IL-17A has an unique role in the context of inflaatory response
(Kolls and Linden,2004). This cytokine is produced mainly by T cells
rather than by macrophages or other cells of thatenimmune system
and thus it is believed to play important role he inflammatory events
triggered by the adaptive or memory immune systeong, 2008). On
the basis of these hypothesisyitro andin vivo studies have shown that
IL-17A cooperates either additively or sinergicallyith various
cytokines or mediators inducing inflammation (Katz al, 2001).
Indeed, recently, by using a murine model of infiaation, it has been
shown that IL-17A is not a classical proinflammatoytokine and it is
no able to initiatgper sean inflammatory reaction. On the contrary, this
cytokine is able to further amplify biochemical aweéllular events
characteristic of the early stages of the inflanonateaction, when it is
injected in pre-inflamed tissue (Maioeeal, 2009).

Another important aspect of Th-17 cells is thejpasty to produce not
only IL-17 but also other cytokines, such as ILiadal-22, IL-26,
CCL20. Th17 derived cytokines induce the productdriL-6, TNFu,
CXCL1, CXCL2, CXCL8, CCL2 and metalloproteinases MM-3,
MMP-6 and MMP-13, from various tissues and cellelyStrezpat al,

2011).
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Important differences, as well as many similarjtiemerge when the
biology of Th1l7 cells in the mouse is compared wsthrresponding
phenomena in humans (Aggarvedlal, 2002). However, in this context,
it is very important to underline that IL -17A hisvivo as well asn
vitro inflammatory properties. One of the main cellularget of this
molecule are the neutrophil-cells, in fact it isolam that IL-17A
stimulates the production of chemokines, such a8 (CXCL8) and
granulocyte-chemotactic protein - 2 (GCP-2), grovdhtors, such as
CSF and GM-CSF, the neutrophils activating cytokiHe6, from
epithelial cells, smooth muscle cells and fibrotdag-urthermore, IL-
17A increases local sign of neutrophil activatisnch as the activity of
myeloperoxidase (MPO), elastase and matrix metaitepmase (MMP-
9) (Fossiez et al., 1996; Hoshino et al., 2000e3aet al., 2002).

As reported by Fouser and co-workers, IL-17A suastainduces and
amplifies the inflammatory response on a pre-ggstissue injury
(Fouseret al, 2008).

On the basis of the considerations reported hers, dlear that Th-17
cells, through IL-17, drive the inflammatory casedwy stimulating cells
to release a large number of inflammatory medsasémd growth factors
that have important effects on neuroendocrine apthlbolic functions

and on the maintenance of tissue homeostasis ergen
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Interleukin-17 and autoimmune diseases

Growing evidence, gathered over the last few yeadscate that IL-17A
might play a key role in the development of autoume diseases. IL-17
Is an important factor directing disease progressiomultiple sclerosis
(MS). Multiple sclerosis is a central nervous syst€CNS) disease
associated with destruction of myelin sheets, lgado impaired nerve
signal transduction. Similar to other proinflamm@taytokines, the
concentration of IL-17A is increased in CNS lesiondS patients and
correlates with neutrophil infiltration of the CNBock et al, 2002).

The role of IL-17A in the rheumatoid arthritis (RA9 more complex.
The pathological role of IL-17A in arthritic jostinvolves the
stimulation of MMP, vascular endothelial growth tiac (VEGF) and
proiflammatory cytokine production and increasedrugment of T
lymphocytes and innate immune cells (Kotakeal, 1999). However,
these processes are not attenuated when artsrimsluced in IL-17 -/-
mice; this evidence suggests that other factorsolwed have a
substitutive role and demonstrates that the rolddf7 is still unclear
(Doodeset al, 2008). Nonetheless, in experiments performeddnygua
murine model of collagen-induced arthritis it haseb demonstrated a
beneficial effect of the animal treatment with amti IL-17 antibody

(Nakaeet al, 2003).



In patients affected by psoriasis and chronic sksease, high levels of
IL-17 have been found in skin lesions. Particulatliyese types of
diseases are characterized by a hyperproliferatfokeratinocytes and
production of proinflammatory molecules increasamgiogenesis and T
cell infiltration. In these cases, it has been sh@ypossible synergism
between IL-17 and other Th17 associated inflammyatgtokines (I1L-23
and IL-22) with IFN-gamma in promoting charactedspathologic
changes (Teunissat al, 1998; Zhenget al, 2007).

Furthermore, IL-17 and IL-23 have also been assetigo Crohn’s
disease and colitis ulcerosa; however, the rolelbfl7 in intestinal
inflammation is still controversial, indeed thistakine has been shown
to be either protective or proinflammatory in twiferent models of
murine colitis (Zhangt al, 2006; O’Connoet al, 2009).

Allergic asthma represents another disease in whidY plays a crucial
role. Allergic asthma is characterized by elevalglh serum levels,
chronic airway inflammation with intense cell acadation, mucus
hyperproduction and airway hyperresponsiveness lkarge variety of
stimuli (Souweret al.,2010. Asthma induces many irreversible changes
in airway tissues. Accumulating evidence indicatésat in
bronchoalveolar lavage (BAL) fluid of patients wabvere asthma there
are elevated levels of IL-17, in comparison to nmatke asthmatic

patients and to control subjects; a role for ILid4nducing neutrophil
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accumulation into asthmatic airways have been sigde(Moletet al.,
2001).

In addition to neutrophil recruitment, IL-17 maysal stimulate
neutrophil activity since it stimulates the releaseeutrophil-activating
cytokines, IL-6 and IL-8, from bronchial epitheliells and fibroblasts;
furthermore, it may also play a role in causingicral changes in the
airways, since causes the production of profibroyitokines, IL-6 and
IL-11, from fibroblasts (Fossiezet al, 1996; Moletet al, 2001).
Recently, by performing experiment on an in vivodaoof murine
asthma, it has been shown that the increased expmesf heparin-
binding epidermal growth factor (HB-EGF), inducedlb-17, might be
responsible of mucus overproduction and airway smavouscle cell
proliferation in chronic asthma (Wamg al, 2010). Targeting IL-17 may
be useful for the treatment of asthma. It has bebown that
neutralization of IL-17 with monoclonal antibodiesduces neutrophil
accumulation in BALF (Hellinget al, 2003).

II-17 plays also a role in chronic obstructive pamary disease (COPD)
(Figure 11); indeed by releasing chemokines (CXCCXCL6 and
CXCL8) and granulocyte survival factors (GM-CSF &BdCSF) from
airway epithelial cells it would increase neutrdpbhemotaxis and
prevent apoptosis (Jonest al, 2002; Vanaudenaerdet al, 2003;

Rahmaret al, 2005; Traves and Donnelly, 2008).
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Figure 11 Interleukin-17 and chronic obstructive pulmondigease (COPD).
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IL-17 and cardiovascular risk

As described above, there is much evidence, eixperimental or
clinical, that thrombosis and atherosclerosis mightclosely associated
to an inflammatory reaction, (Jurado and Ribeir@99, Esmon; 2003,
Strukova; 2006). It is known that inflammation iaies clotting,
decreases the activity of natural anticoagulanthaeisms and impairs
the fibrinolytic system. Nonetheless, protease®lirad in coagulation
system contribute to inflammation not only by prdimg fibrin
formation at site of injury, but also by stimulagiseveral cell functions
(Cicala and Cirino,1998; Esmon, 2008). On the othand, pro-
inflammatory molecules are actively involved in thetivation and
migration of leukocytes to sites of vascular igjand inflammation,
and may contribute to the release by activateds a#llprothrombotic
factors, which in turn may activate platelets atiteocell types (Ruggeri
et al; 2007, Lamberet al; 2007).

In agreement with this, there is much evidence padtents suffering
from autoimmune diseases have an elevated rigkrombosis (Gisondi
et Girolomoni, 2009; Mamekt al, 2009). As described above, multiple
factors may be implicated; it is known that cirdirlg cytokines and
recruited inflammatory cells cause endothelial dgsfion and
haemostatic disorders leading toward a prothrorolsttite (Cicala and

Cirino, 1997; Nurden, 2011). Furthermore, it hasdleen hypothesized
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that in rheumatic diseases atherosclerotic lesiogbt be more prone to
the rupture leading to acute cardiovascular evéAtestegardet al.,
2011).

Evidence that increased IL-17 levels are assocwattdtdcoronary artery
disease (Eickt al, 2009; Wanget al, 2011) and atherosclerosis (Cheng
et al, 2008) has suggested that this cytokine may plagla at the
interface between inflammatory immune disorders aactiovascular
risk. In vitro experimental data show that IL-17 stimulates Gtiea
protein expression in human hepatocyte and coromaigry smooth
muscle cells (Patekt al, 2007). It is known that CRP is not only a
marker of cardiovascular risk but, as describedrapdirectly participate
to endothelial dysfunction and may stimulate pkttelggregation and
platelet/leukocytes interaction (Fay, 2010; Hirsekifand Pepys, 2003).
Recently, by performing experiments in vitro, astbeen shown that IL-
17A favours the aggregation of murine and humatefdts in response
to ADP. The effect of IL-17A on platelets, in vifrs paralleled by an
increased expression of P-selectin on plateletasar{Maioneet al,
2011). It is well-established that platelet adhesies mediated via
glycoprotein GPIb receptors through interactiorhviite von Willebrand
factor and that further physiologic activation dditplets via intracellular
signalling pathways leads not only to an increasepression of the

GPIlIb/llla receptor complex, but also to a confotio@al change and
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exposure of the fibrinogen binding site. Subseqdi®nihogen bridging
allows firm attachment of adjacent platelets (Cl=oe et al, 1995).
This process is a prerequisite for platelet aggregaand thrombus
formation. Similarly, the increased platelet expres of CD62P is
predictive for an elevated risk of circulating plat-leukocyte

aggregates that are typically considered predictofe thrombus

formation (Wohneret al, 2008) and observed in patients with acute

myocardial infarction (Furmaret al, 2001) as well as in patients
suffering of autoimmune diseases (Joseplal, 2001; Huet al,2004;

Irving et al, 2004).
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EXPERIMENTAL SECTION



ADENOSINE AND INFLAMMATION

MATERIALS AND METHODS
Animals

All experiments were performed on male Wistar r@darles River;
120-150qg). Rats were slightly anaesthetized witflueame. 100 pl of
carrageenan (1 % w/v in saline) were injected m ttht hind paw to
obtain an oedema. Then, oedema was measured bym#ens
hydroplethismometer at time zero and each hourtHer following 6

hours.

Drug treatments

To investigate on the role of adenosing, Aeceptor activation on
carrageenan oedema development, animals were dindg groups and
treated, just before oedema induction, with titeaperitoneal injection
of: Aoa agonist, CGS 21680 (0.02, 0.2 and 2 mg / kg), @ntagonist,
ZM 241385 (3 mg/kg ); CGS 21680 (2 mg/kgus ZM 241385 (3 mg
/kg ) and the respective vehicles. At differentesrfollowing oedema
induction, the paws were excised, cut, frozenguili nitrogen or fixed

in buffered formalin 10 % (v/v) and stored.
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Myeloperoxidase (MPQO) assay

Myeloperoxidase activity was measured from anintedated with the
selective adenosine,A receptor agonist, CGS 21680 (0.02, 0.2 and
mg/kg ip.) or with the vehicle (DMSO; 0.5 ml/kg )Jpinflamed paws
were excised after 3 hours from oedema inductiahthe soft tissue was
removed, frozen in liquid nitrogen and stored. Giessamples were then
defrosted, weighed and homogenized in a solutiomatoing 0.5 %
(w/v) hexadecyltrimethylammonium bromide dissolved 10 mM
potassium phosphate buffer (pH 7) and centrifuget?@00 rpm for 30
minutes at 4°C; an aliquot of the supernatant Wwas @allowed to react
with 0.167 mg/ml o-dianisidine dihydrocloride and@L % H202. The
rate of change in absorbance was measured speutooptrically at
650 nm; MPO activity was defined as the quantitgwrtyme degrading
1 pumol/min of peroxide at 37°C and was expressediliiunits per g of

wet tissue (mU/g tissue).

Western blot analysis

Tissue samples were defrosted, weighed and honmmegenvith a
Polytron. In order to extrapolate proteins, 1 ml obuffer (-
glycerophosphate 50 mM; sodium ortovanadate 100MBICl, 2mM;
EGTA 1mM; DTT 1 mM; PMSF 1mM; Aprotinin 10ug/ml; upeptin
10pg/ml) was added to 100 mg of tissue sampleshdhegenates were

centrifuged at 2500 rpm for 10 minutes at 4°C. Pledlets were then

2
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centrifuged at 12000 rpm. for 30 minutes at 4°@riaber to measure the
protein contenwia Bradford assay. Proteins were separated by Sodium
Dodecyl Sulphate - PolyAcrylamide Gel Electroph@dSDS-PAGE)
(12 %); 40ug of protein were applied on the gel and electropped at
90 mV. for 1.5 hours. The protein samples were thlextro-blotted at
250 mA for 1.30 h using nitrocellulose membrane.teAfards,
nitrocellulose membrane was blocked using a blacksolution
containing 5% (w/v) non-fat dry milk, 0.1% (w/v) Boe Serum
Albumin (BSA) and 0.1% (v/v) Tween 20 in phosphhtdfer solution
(PBS), for 2h at room temperature. Then, it wasiliated overnight at
4° C on a shaker with anti ,AR-18, Santa Cruz) goat antibody
(dilution 1:500). The nitrocellulose membrane wasskhed five times for
25 minutes and then incubated with the secondatypaty anti-goat
IgG (dilution 1: 5000) conjugated with horseradmdroxidase for 2h at
room temperature. After five washes, the proteiasds were detected
using the enhanced chemiluminesce(te€L) method and analyze with
Image Quant 400 GE Healthcare software (GE Healtehdtaly) as

described by the manufacturer.

Immunohistochemical localization of Ana

Tissue samples removed, as described above, wemarpd from
paraffin embedded tissues. After deparaffinizateord rehydration of

tissue section (thickness 7 um), antigen retriewas performed for 30
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minutes at 100°C with 0.01 M citrate buffer (pH )6.00 block no-
specific binding, slides were incubated for 10 rtrroom temperature
with the protein block serum free solution (Dakejdogenous biotin or
avidin binding sites were blocked by sequentiaubation for 15 min

with avidin and biotin. Then the sections were letied overnight with

primary goat anti-A, antibody (Santa Cruz) (dilution 1:250) in PBS and

BSA 1%, overnight at 4 °C, or with control soluteincluding buffer
alone or no-specific purified rabbit 1gG.

After washing, endogenous peroxidase was quenchiadOmB % (v/v)

H202 in 60 % (v/v) methanol for 10 min. Specifibéing was detected
with a biotin-conjugated universal secondary aribo(Universal

DakoCytomation LSAB Kit) for 30 min at room tempéaiure followed

by incubation with streptavidin-HRP. After washinglides were
incubated with Diaminobenzidine (DAB). The countairsing was

performed with hematoxylin. Negative staining cohtexperiments
were performed according to the protocol descrilzdabve, with

omission of the primary antibody.

Picro Sirius red staining for collagen detection
Picro Sirius stain was applied to visualize collagentent. Briefly, the
paraffin sections were de-waxed and rehydrate. $betions were

stained with Mayer's haematoxylin to visualize theclei and than
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incubated in the Pico Sirius red solution for oo@rmn The sections were

washed with acidified water, dehydrated and cleanegylene before

mounted in a resinous medium.

Statistical analysis

All results were expressed as mean * error staralaidcanalyzed by one
way ANOVA followed by Bonferroni’s test for multiplcomparisons or

Dunnett’s test. A value d? < 0.05 was taken as statically significant.
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RESULTS

Effect of CGS 21680 treatment on carrageenan — inded oedema

Injection of carrageenan in the rat hind paw causededema peaking
between 3 and 4 hours. Treatment with CGS 2168bited oedema
development in a dose — related manner, and tfestefas reverted by
co-administration with the A antagonist, ZM 241385. On the contrary,

ZM 241385 alone did not modify oedema (Figure 12-13

1.0(H —a—vehicle

—— CGS (0.02 mg/kg
—— CGS (0.2 mg/kg)
——CGS (2 mg/kg)

Oedema (ml

Time (h)

Figure 12. Effect of the selective adenosing,Aeceptor agonist CGS 21680

(0.02, 0.2 and 2 mg/Kg ip) on carrageenan oederRgp.05, **P<0.01 vs
vehicle . Dunnett’s test (n = 10).
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Figure 13. Effects of CGS 21680 (2 mg/kg ip), a selective, Aeceptor
agonist, ZM 241385 (3 mg/kg ip), a selective,Aeceptor antagonist, and
CGS 2168(plus ZM 241385 on carrageenan oedem«0.05, **P<0.01vs

vehicle,”P<0.05,"P<0.01vs CGS 2168plus ZM 241385. Dunnett’s test (n
= 10).

MPO assay

MPO activity measured in inflamed paws excised 3durfoafter
carrageenan injection was reduced after treatméht@GS 21680 at 2

mg/kg ip, compared with control values (Figurel4).
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Figure 14:. Effect of CGS 21680 (0.02, 0.2 and 2 mg/kg ip.) on
myeloperoxidase (MPO) activity of inflamed pawsh@urs after carrageenan
injection); **P<0.01vs vehicle. Dunnett’s test (n = 3).

Western blot

Western blot analysis performed on paw excised ifierent time

following oedema induction, showed an increased, Aorotein

expression starting 1 hour following oedema inducgtiand peaking
between 3 and 4 hours.(Figure 15). The increasggtein expression
observed at 3 hours after oedema induction wasfisigmntly reduced

(like control values) following rat treatment wi@GS 21680 (2 mg/Kg

ip.) (Figure 16).
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Figure 15.Detection of adenosine,Areceptor and optical density analysis in
inflamed paws; P<0.05, **P<0.01vsvehicle . Dunnett’s test (n = 3).
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Figure 16. Effect of CGS 21680 (2 mg/kg ip) on the proteic rgsion of the
adenosine A, in inflamed paws (3 hours after carrageenan imgegt
*P<0.05, *P<0.01vsvehicle. Dunnett’s test (n = 3).

Immunohistochemical localization of Ax

Immunohistochemical analysis showeghAeceptor overall staining on
vascular endothelium and on dermal fibroblast mledi from
carrageenan-injected paws, compared to no-injgzd@ds. This staining
was greatly reduced in the case of paws obtain@as CGS 21680-

trated rats (Figure 17).
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Figure 17: Immunohystochemical localization of,A receptor paw tissue
(7um). The figure represent paw tissue from: A) shammals; B) vehicle
treated animals; C) CGS 21680 treated animals.if@ignagnification is
10X.

Picro Sirius staining

Picro Sirius red staining for collagen detectiorowsbd that in tissue
section from inflamed animals, dermal collagen Itesa be loose
compared to control paws (not inflamed) and CGSBR16eated animals
where dermal elastic fibers appear to be well dagagh Moreover, the
treatment with CGS 21680 enhanced fibroblast nafibn and collagen

production (Figure 18).
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Figure 18. Sections of paw tissue stained for picro siriusfr the detection
of collagen. (A) Paw tissue for sham animals, (Byvptissue from vehicle
treated animals, (C) paw tissue from CGS 21680td@deanimals. Original
magnification is 10X.
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INTERLEUKIN 17A AND THROMBOSIS
MATERIALS AND METHODS

Materials

Recombinant mouse IL-17A was purchased from R&D t&ys
(Abingdon, UK), reconstituted in 4 mM HCI solutiaand diluted in
phosphate saline buffer (PBS) as reported on thdicate of analysis.
Unless otherwise specified, all the other reagevese from Sigma-

Aldrich Co. (M, Italy).

Thrombosis model

Male Wistar rats (300-350 g; Harlan Nossan, Coaeaz MI, Italy)
were used for all experiments. Animals were keptleunstandard
conditions, with foodad libitumand maintained in a 12 h/12 h light/dark
cycle at 22 + 1C. All thein vivo procedures were in accordance with the
Italian legislative decree (D.L.) no. 116 of Jayu&7, 1992 and
associates guidelines in the European Commur@iesncil Directive of
November 24, 1986 (8676097ECC).

Rats were anaesthetized with urethane (10 % w/vmilRg ip.) and
placed on a surgical table; an arterial thrombas wduced by Fe¢l
application onto the surface of the right carotitbiy, as described by
Kurz et al. (1990). In brief, following surgery a piece atdr paper

(Whatman n°1, 3 x 5 mm) soaked in Fg@bm 5 to 35%), or in IL-17A



(100 pg/ml), was applied onto the external surfacéhe right carotid
artery, for 30 minutes, afterward the paper wasored and the vessel
left in situ for 60 minutes, to enable thrombus formation. mother set
of experiments, an IL-17A (100 pg/ml), or vehidaline), soaked
paper was applied on the vessel for 30 minutesreeipplying FeGl
On the basis of preliminary experiments we haveseha percentage of
FeCk (5%) that induced a partial carotid occlusion.tA¢ end of 60
minute period, a piece of 2 cm in length of thdatigarotid artery, and of
its controlateral (where only vehicles were appliegias removed and
weighed. Thrombus size was evaluated by the diffexein weight
between the treated vessel and its controlateltmlanother group of
animals, the experiment was performed as descabegle and, vessels
were removed, rinsed in saline to remove the blexcess, then fixed
with formalin (4 % v/v) for 24 hours and succesBiveised for
histological analysis, or removed tissues were idiately frozen in

liquid nitrogen and successively used for Westéohdmnalysis.

Western blot analysis

Tissue samples were defrosted, weighed and honmmegenn liquid
nitrogen. In order to extrapolate proteins, 1 ml obuffer (-
glycerophosphate 50 mM; sodium ortovanadate 100MICl, 2mM;
EGTA 1mM; DTT 1 mM; PMSF 1mM; Aprotinin 10ug/ml; upeptin

10pg/ml) was added to 100 mg of tissue sampleshdhegenates were
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centrifuged at 2500 rpm for 10 minutes at 4°C. pledlets were then
centrifuged at 12000 rpm. for 30 minutes at 4°@raer to measure the
protein contenvia Bradford assay.

Proteins were separated by (SDS-PAGE) (8 %)u@wf protein were
applied on the gel and electrophoresed at 90 mv1f80 hour. The
protein samples were then electroblotted at 250fonA..30 hour onto a
nitrocellulose membrane. Afterwards, nitrocellulosgembrane was
blocked using a blocking solution containing 5%wwion-fat dry milk,
0.1% (w/v) BSA and 0.1% (v/v) Tween 20 in PBS, &ir at room
temperature. It was then incubated overnight a€45n a shaker with
anti CD39 (A-16, Santa Cruz) goat antibody (ddatil1:200). The
nitrocellulose membrane was washed five times fomihutes and then
incubated with the secondary antibody anti-goat (d®ution 1: 2000)
conjugated with horseradish peroxidase for 2h amrdemperature.
After five washes, the proteins bands were detec®dg the ECL
method and analyze with Image Quant 400 GE Heakhaaftware (GE

Healtchcare, Italy) as described by the manufacture

Morphological analysis

Samples were processed and embedded in paraftitiose (thickness
5um) were then stained for haematoxylin and eosin EH& be

morphologically analyzed. In all cases, a minimand sections per
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animal were analyzed by using a standard lightaosimope (x 5 and x 10
objective). In each section the thrombus formatias evaluated by
calculating the percentage of thrombotic area coetgpavith the total
area, by using a computerized program (Leica, kdly). Images were
taken by a Leica DFC320 video-camera (Leica, Miléaly) connected
to a Leica DM RB microscope using the Leica Apglma Suite

software V2.4.0.

ELISA and Proteome Profiler Antibody Arrays

In subsets of experiments, cytokines and chemokaxpsession from
whole IL-17-or vehicle-treated carotids was detaedi For this purpose
the carotids were excised, the remaining blood neamved by washing
with PBS and immediately frozen in liquid nitrogleefore being stored
at -80°C. Tissues were placed in a mortar, finehopped and
homogenized using liquid nitrogen. The homogenipeivder was
reconstituted with 300 pl of ice-cold lysis buff@kprotinin 3.07 pM,
EDTA 100 mM, Leupeptin 2.2 uM, Na-deoxycholate 10%&aCl 150
mM, NaF 5 mM, NP-40 10%, Ortovanadato 50 uM, PM®P LM,
Tris-HCIl 65 mM) and collected in 1.5 ml eppendatbes. Samples were
frozen and thawed three times in liquid nitroged &men placed under
rotation for 30 minutes at 4°C in order to optimidee process of

homogenization. After spinning at 10.000 rpm to egecell debris, the
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supernatants were collected and the total protemcentrations were
determined by using a Bovine Serum Albumin (BSAdtein assay
(Biorad, Italy) following the manufacturer's dirgmts. In order to
analyze the expression of a wide range of cytokewed chemokines
after the IL-17 or vehicle application a proteopmefiler antibody array
(R&D System; Abingdon, UK) was used, according tbet
manufacturer’s instructions. For this purpose Iohilomogenized tissue
from three different rats, treated under the saxpe@mental conditions,
was used to incubate each membrane on a rockitfpmplaovernight.
Positive dots were then detected by enhanced chemiéscence (ECL)
using Image Quant 400 GE Healthcare software (G&ltetecare, Italy).
Aliquots of 50 pl were diluted (1:1) with assayugihts and analyzed for
the levels of MCP-1 by ELISA according to the mamutfirer's

instructions (eBioscience, UK).
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RESULTS
Effect of IL-17A on carotid thrombus model

A dose responsive curve for FgGhas performed to establish the
percentage of Fegthat we could use for oum vivo model. As showed
in figure 19, there was a correlation between ffece of FeC} and the
concentration used. In fact, when 5 % and 15 % aflffwvas used a
partial occlusion of the carotid artery was obsdrn@n the other hand,
an high concentration of Fe{35%) induced an occlusive thrombus.
On the light of these preliminary results, we hasl@osen FeGl

concentration of 5% to perform all the subsequgpegments.

5%
15 %
= 451 35 %
4.0-
£
e 3.5
oo 3.0
S 25
9 204
£ 154
S 104 [
=
05
0.04

Figure 19. Thrombus weight (mg) after the application of thidi&erent
concentration of Fegl 5, 15 and 35 % (w/v) respectively.



Results obtained (Figure 20) show that the appiinadf IL-17A on rat

carotid artery determined a small intravasculaoriiyus with a mass of

0.35 + 0.15 mg (one sample t-test, P<0.05) althoogthsignificantly

different compared to the thrombus obtained folloyvihe application of

vehicle. The application of Feffb %) caused an intravascular thrombus

of 0.99 £ 0.2 mg (n=9); however, thrombus massaased significantly

when the carotid was pre-treated with IL-17A (1G§'rplL) 30 minutes

before FeGl application (1.94 + 0.2 mgn=9.P<0.01).

2.5+

2.04

1.5+

1.04

Thrombus weight (mg)

0.5+
0.04 T

oo
* Kok

EEEvehicle
aiL-17
EE=3FeCI3

Bl IL-17+ FeCls

Figure 20. Thrombus weight after different treatments: vehitlel7, FeC}
andIL-17 plus FeCk ** P<0.01 and *** P<0.001vs vehicle °° P<0.01vs

FeCk
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Western blot analysis
The western blot analysis performed on the catosidted with vehicle
and IL-17A showed a reduced expression of CD39%epron IL-17A

treated animals compare to the vehicle (Figure 21).

vehicle IL-17A
70KD
45KD

—> A B-Actine

0.75+

vehicle
HlIL-17A
0.50+

0.25+

Volume INT mm?2

0.00 T

Figure 21. Detection of CD39 receptor and optical densitylygsis in rats
treated with vehicle and IL-17A respectively.
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Histological analysis

Morphological analysis of the vessel section ocetljdevidenced that
the luminal surface of carotid sections from véhigroup was covered
by a continuous endothelium. Sections from IL-1gl4s FeCk treated

carotids showed an occluding thrombus; furthermtre, endothelium
appeared damaged and vessel wall thickness exyreediliced (Figure

22).

Vehicle IL-17 alone

FeClz alone IL-17 + FeCl2

Figure 22. Histological analysis of haematoxylin and eosin @)&tained
carotid sections, from : A) vehicle; B) IL-17 alqor@) FeC} alone; D) IL-17+
FeCk. Original magnification 5X.
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Percentage of carotid area of occlusion

The increased mass of thrombus in the co-admitimtraaf FeC} and
IL-17A was confirmed by the measurement in termpatentage of the
lumen-vessel occlusion from a computer-assistechimletry. The
percentage of occlusive thrombi resulted not sigait in IL-17 sections
compare to vehicle, whereas Feg@lone induced an occlusion of 29.9%
+ 5.0 that resulted] 2 fold- increased in IL-1plus FeCk- treated

animals (54.5 % + 7.0).
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ELISA and Proteome Profiler Antibody Arrays

The Figure 23eported the analysis of the inflammatory protemshe
supernatant of vehicle and IL-17A treated carotidsis possible to
observe that the interleukin induced the selegiregluction of a specific

set of chemokines such as CCL2 (MCP-1) compareu wahicle.

A PC PC
o°
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PC
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B pe . CCL2 : - IL17A A o
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Figure 23. Elisa Spot obtained from the application of IL-1&) @nd vehicle
(B) in trombosis model. (PC: positive control; CCM2CP-1; IL-17A).



CONCLUSION
Adenosine and inflammation

Carrageenan — induced rat paw oedema is a classmdél of acute
inflammation, widely used to identify new therapetargets and to test
the anti-inflammatory potential of new moleculesmAof the present
study was to investigate on the role of,,Adenosingeceptor in acute
inflammation, in vivo.

The main finding of our research is that followingrragenan edema
induction in rats there is a time dependent in@eas A, receptor
expression.

Pharmacological stimulation of,A receptor, by using the selectivg,A
agonist, CGS21680, prevented edema developmentoserdependent
manner. Furthermore, CGS21680 inhibitory effect waessented by co-
administration with ZM241385.

Conversely, systemic administration of ZM241385 dok have any
effect on edema development. These findings contirat the effect of
CGS21680 was specific, throughAreceptor stimulation, nonetheless
A, activation by endogenous adenosine seems notféo mfotection
against an acute inflammation, sincgyAntagonism did not exacerbate
oedema. This latter finding is in agreement witbvpsus work showing
that systemic administration of ALT-146e, a selextiA,, agonist,

reduced skin ulceration induced by recurrent iscaeraperfusion in



rats, the effect was reverted by the antagonism4385; however, the
antagonist alone did not exacerbate skin ulcerdi@mceet al.,2001).

It is known that, among inflammatory cells, neutritp express A
receptor on their membrane surface; many of aanmihatory effect of
A, agonists have been shown to be related to thebitrdm of
neutrophil sequestration (Linden, 2006).

Moreover, it has been demonstrated that #gonist protect from aspirin
induced gastric lesions by inhibiting neutrophibgestration into the
gastric mucosal tissue (Odashietaal, 2006). However, the mechanism
at the basis of the antinflammatory effect of axbeme through A
activation has not yet been clarified. Cadiaux emorkers (2005have
shown that following As receptor activation on neutrophils there is an
increased COxXexpression paralleled by increased productionGEPR,

a prostanoid with antinflammatory properties. Thig, increased PGE
production might be the mechanism by which endogsradenosine,
through A, receptor activation, limits an inflammatory reaati
Neutrophis play a pivoltal role in the developmenit an acute
inflammation, such as carrageenin edema. In tlesgot study, as
marker of neutrophil accumulation, we measured NH@vity in the
inflamed paw. We found that treatment with CGS216&fhificantly

inhibited the increase in MPO activity into the lamhed tissue
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confirming that the antinflammatory effect of CG880 was associated
to a reduced neutrophils infiltration.

Following treatment with CGS21680, edema inhibitreess paralleled by
downregulation of A, receptor expression on tissues excised.
Immunohystochemical analysis also showed a reduesainopositivity

for A,a receptor on paws obtained from CGS21680 treatsd ra

This finding suggests that in an inflammatory eorment there is an
upregulation of A, receptor expressiomwhose function it to keep down
inflammation. Further studies are required to lettgestigate on the
mechanism underlying the antinflammatory effect imedl by Aa

activation.
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I nterleukin 17A and thrombosis

To investigate on the role of IL-17A on thrombusnfiation we used the
model described by Kurz (Kuret al, 1990) in which thrombosis is
induced in rats by topical application of FgGh the exteriorized carotid
artery.

We found that topical pre-application of IL-17A oat carotid artery had
a synergistic effect with Fegdb %); while IL-17A alone caused only a
small intravascular thrombus. Morphological anaysf the vessel
section occluded evidenced that the luminal surtdcesarotid sections
from vehicle group was covered by a continuous #redoim; into the
vascular lumen some aggregates of red blood cedl® wbserved but
without any fibrin mesh. Sections from IL-17Alus FeCk treated
carotids showed an occluding thrombus; furthermtre, endothelium
appeared damaged and vessel wall thickness exireetkiced.

These results suggest that IL-17A has the abitityatilitate thrombus
formation induced by a minimal stimulus, as Fe@ 5 %. There is
evidence that IL-17A plays a role in vascular inffaation and
atherothrombosis (von Vietinghoff and Ley, 201®).vitro, it has been
shown that IL-17A stimulates C reactive protein reggion in human
coronary artery smooth muscle cells (Paekl, 2007). As described
above, C-reactive protein is an important markevadcular diseases

playing an active role in atherosclerosis by statin chemokine



expression, platelet adhesion at the site of vasculamage,
platelet/leukocyte interaction and also inhibite thbrynolitic pathway
(Danenberget al, 2007). Thus, clinical evidence showing a corretat
between IL-17A serum levels and acute coronary iymd (Chenget
al., 2008; Lianget al., 2009), together with experimental data showing
that IL-17A modifies cellular expression of moleesil involved in
thrombosis (Pate¢t al., 2007) and also increases ADP-induced platelet
aggregation (Maionet al, 2011) has driven the attention of investigator
to consider this cytokine has possible link betweaemostatic disorders
associate to inflammation.

Our data show that IL-17A applied alone on caroaidses only a small
not occlusive thrombus, however, the main effectolveerved was that
IL-17A strongly increased the thrombus induced byniaimal FeC}
concentration. The model of Fe@hduced thrombosis has been shown
to involve platelets and several component of hatastss (Broersmat

al., 1991); thus the effect of IL-17A is consistenthits ability to prime
platelets for the effect of ADP (Maioret al, 2011). Our preliminary
results aimed to better investigate on the molectriggering the pro-
thrombotic effect of IL-17A observed show a possibivolvement of
monocyte chemoattractant protein (MCP-1). Thia chemokine that is
expressed by several cells, among which are endutlocells, smooth

muscle cells, fibroblasts, monocyte/macrophagesarninflammatory
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environment, activated platelets may induce MCRdmf endothelial
cells, leading to monocyte/macrophages chemotmdsthe consequent
interaction among cells (Charo and Taubman, 2004¢luded
platelet/monocyte interactions (Gleissredral, 2008). We found that
following exposure to IL-17A there was an increasatbtid expression
of MCP-1.

We don’t know if MCP-1 is induced by a direct effdt-17A on
endothelial cells, or indirectly, from plateletdiaated by IL-17A. Since
platelet-induced MCP-1 from endothelial cells isca®lary to the
interaction between CD40L (on activated plateleasld CD40 (on
endothelium) (Gleissneet al, 2008), it would be interesting to
investigate whether IL-17A causes externalizatib@€D40L on platelet
surface.

We also observed a reduced expression of CD39 ootidaartery
following treatment with IL-17A. As described abov€D39 by
hydrolyzing ATP and ADP to AMP represents a key olatbr of
thrombus formation. It has been shown that the iS€D39 from
activated endothelial cells causes platelet serigst and TF
upregulation, key events for thrombogenesis (Atknst al, 2006).
Platelets from mice lacking CD39 show an increasspponse to ADP
(Enjyoji et al, 1999). Thus, it could be hypothisized that tingt event

for the prothrombotic effect IL-17A would be a dowsgulation of
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CD39 on endothelial cells and the following platedctivation; this, in
turn, would cause increased MCP-1 expression frodothelial cells.

The mechanicistic bases of pro-thrombotic effectllofl7A needs
further investigation; however our findings reprsdirst in vivo
evidence for a prothrombotic effect of IL-17A andggest that this
cytokine might be an important molecule at the rfiaiee between

haemostasis and inflammation.
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CHAPTER I



PROTECTIVE EFFECT OF DIMETHYLSULFOXIDE ON ACUTE
MYOCARDIAL INFARCTION IN RATS

Dimethylsulfoxide (DMSO) is an organic compoundtthas been shown to
possess several biological effects, including ad@nt, anti-inflammatory,
antinociceptive. Chemically, DMSO is an amphipathialecule widely used as
solvent in biological studies and as vehicle fangdadministration (Santos, et
al.. 2003; Colucci, et al,. 2008). Since its anflammatory, antinociceptive and
antioxidant effect, DMSO has been proposed to lexatfeutic in several
disorders, such as gastrointestinal diseases, @dtelogic diseases and for the
treatment of several manifestations of amyloidq§sherbel, et al.,, 1965;
Rosestein et al.,1999; Swanson et al.,1985; Hsiedd.,1987) Nowadays, its
therapeutic use has been approved for the treatofeinterstitial cystitis, by
intravescical instillation ( Sant, et al., 1987;ria, et al., 1997)and in
veterinary as analgesic and anti-inflammatory d{@&mith et al., 1998).
Nonetheless, DMSO is present in topical dermatcklgireparations for human
use as active vehicle facilitating drug penetraibimrgwell, et al., 2004).

The mechanism at the basis of the therapeutictefflfcDMSO has not

yet been elucidated; however, among its severdbdpimal activities,
DMSO has been show to have antioxidant effectst@Saet al., 2003;
Colucci, et al.,2008). In addition, experimental studies have shtvan

DMSO reduces intracellular calcium accumulatiodififerent biological
systems (Zhanget al., 2004; Choi,et al., 1999; Michel,et al,. 1998;
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Santos.et al., 2002). However, DMSO - induced relaxation on gaine
pig and rabbit papillary muscles has been showretdependent upon a
reduced sensitivity to calcium of contractile pmgewithout affecting
intracellular calcium concentration (Oguea al., 1996). Similarly, on
rabbit detrusor muscle DMSO causes relaxation lyedesing calcium
sensitivity of the contractile apparatus, an efféett has been shown

mainly due to the inhibition of myosin light chaphosphorylation

(Shiga et al.2007); this mechanism might be at the basis of its

therapeutic activity in interstitial cystitis. Thkeers much evidence that
following ischemia reactive oxygen species produbgdan abnormal
cell metabolism impair myocardial function. Indeeschemia is
followed by calcium overload and prolonged conitachbnormalities.
Both free radical scavengers and calcium channetkiflg agents
protect myocardial function from ischemic damagel(iBet al.1999).
Cardiac pharmacology of DMSO has also been invastipin several in
vitro studies demonstrating a protective effect ischemic damage
(Shalferet al.,1983).

In the attempt to investigate on the effect of adame A, receptor
agonist, CGS21680, in a model of acute myocardfarction in rats, we
came across to an unexpected effect of the vehd@SO, used to

administered CGS21680 to rats.
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Thus, on the basis of the literature reported apskewing that DMSO
has several biological effects, we have soughtvestigate the effect of

DMSO pre-treatment in a model of rat acute myoedidfarction.
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EXPERIMENTAL SECTION



METHODS
Experimental procedure

All experiments were performed on male Wistar ré&S0 — 280 g;
Harlan Nossan, Italy). Animals were anaesthetizedth wan
intraperitoneal injection of a solution of ketami(®#00 mg/kg) and
xylazine (10 mg/kg), placed on a surgical table aridicially ventilated
through a tracheal cannula connected to a vewotigbiump for small
animals (Ugo Basile, Italy).

Myocardial infarction was produced by ligation oéftl anterior
descending coronary artery (LAD), according to ahoé previously
described in Wistar rats ( Gueret, al., 2006). Briefly, the left side of
the thorax was opened between the fourth andifitdrcostal space. The
heart was gently exteriorized and the pericardiissatted out. The left
anterior descending coronary artery was occludet rie anatomical
origin by a 5-0 silk suture (Ethicodphnson-Johnsgrfor 90 minutes.
At the end of the ischemia period, a blood samms withdrawn from
abdominal aorta, and the serum was obtained 24edfter following
centrifugation at 3000 rpm for 15 minutes and tkept at -80 °C until
the measurement day. Harvested heart following @tutes ischemia
was placed into a Petri dish containing potassiblorele and cut into 5-

6 thick transverse slices from the apex to thesb&lices were incubated
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for 30 minutes at 37 °C in a 1 % solution of 2;Biphenyltetraziolium
chloride (TTC) in 1% phosphate buffered solutioB®p then washed
with PBS and stored for three weeks in PBS witil @® sodium azide
(PBS-A) at 4 °C , as described by Pitts (Pits al., 2007). To
differentiate necrotic (pale) from non necroticderea, each section
was analyzed by using a computerized image analgstem and
infarct size was calculated by calculating the pet¢%) of necrotic area
compared to the total area, by using a computen@edram (Leica,
Milan, Italy).

All animal experiments complied with the ItalianLD.no. 116 of 27
January 1992 and associates guidelines in the Eamommunities

Council Directive of 24 November 1986 (86/609/ECC).

Treatment with DMSO

Ischemic animals were divided in three groups: rijnals that did not
receive any treatment before ligation; 2) animadated with DMSO 500
HI/kg ip., 15" minutes before the ligation; 3) amis treated with DMSO
500 ul/kg ip. for three consecutive days, the ilagtction was given 15
minutes before the ligation. Sham animals undetrvterthe surgical

intervention without the LAD ligation.
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Determination of biochemical parameters

Quantitative determinations of serum cardiac trapoh (cTpl) and
myoglobin (MYO) were performed by immune enzymatissays,

(AXSYM System; Abbott).

Statistical analysis

All data were expressed as mean + SEM) ef6 — 8, and analyzed with
the non parametric Kruskal-Wallis test followed Dynn’s post test by
using a statistical computer package, GraphPadPugl.01; a value of

P<0.05 was considered statistically significant.
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RESULTS
Cardiac damage

Rat treatment with DMSO 500 ug/kg ip. for three smrutive days
significantly reduced cardiac damage induced bynr®@utes ischemia.
DMSO given acutely, 15 minutes before LAD ligatiaiso caused a

reduction of the damage, but the effect was ndissitally significant

(Table | and Figure 1).

Biochemical parameters

Serum levels of cTpl and MYO from ischemic rats evergnificantly
reduced by rat treatment with DMSO for three couBee days. In
contrast, DMSO given only fifteen minutes befogation did not have

any effect on biochemical parameters (Table I).



Table I: Effect of rat treatment with two different regimeéasing of DMSO on
cardiac damage, serum myoglobin (MYO) and serumiaatroponin (cTPI).

Treatment Damage % MYO ng/ml CcTPI ng/ml
Sham _ 32.25+11.02 1.25+0.18
(n=4) (n=4)
Ischemic 18.75 + 4.88 46.86 £ 10.35 29.35+12.32
(n=12) (n=7) Tt
(n=8)
Ischemic /DMSO 15 min 8.016 £ 3.23 30.44 +4.46 15.70 + 4.65
(n=10) (n=9) (n=9)
Ischemic /IDMSO 3 days 4.46+2.01* 13.75+0.85* 295+1.32*
(n=8) (n=4) (n=4)

Data are the mean + SEMPx0.05vs.ischemic and 1P< 0.01vs.sham, Kruskal-
Wallis test followed by Dunn’s post test
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Figure 1: Cross section of the 2,3,5-triphenyltetrazoliumodbde stained heart
slices. The pale area, indicated by arrows, reptesafarction area of the anterior
wall of the left ventricle; (A) sham, (B) ischemi(C) ischemic plus DMSO 500
ul/Kg 15 minutes before, and (D) ischemic plus DMS@ pl/Kg for 3 days (x10
photo ocular; x 6.4, magnification charger).

100



CONCLUSION

Here, we investigated on the effect of DMSO in adeloof rat acute
myocardial infarction. Our main result is that DMS@duced
myocardial damage following LAD ligation, accordingo previous
results on its protective effect on cerebral isclag8himizuet al.1997),

on hepatic ischemia reperfusion injury (Saheh,al., 2004) and on in
vitro cardiac ischemia (Shalfest al.,1983). The mechanism at the basis
of this protective effect is not known; it is knowimat DMSO readily
penetrates cell membranes; inside the cells iecetin ischemic damage
might be attributed to an antioxidant effect givenproperties as free
radical scavenger but also to an effect of ion argee through cell
membranes and thus on cell excitation (Saetoal., 2003; Colucci,et
al,. 2008). An early study performed on perfused rattsedemonstrates
that DMSO protects from oxygen induced cell damdgkowing
reperfusion and also reduces contractile forcesatthcaused by hypoxic
contracture (Ganoteet al., 1982), suggesting that this effect could be
dependent upon an action of DMSO directly on catiteaproteins or,
indirectly, on calcium metabolism. However, otheorks demonstrate
that DMSO does not alter ion exchange throughroelinbranes but has
negative inotropic effect probably due to an intadoi of myofilament to
calcium responsiveness (Oguwatal., 1996). In our study, the beneficial

effect on cardiac function is confirmed by theuettbn of serum levels



of myoglobin and cTPI whose increasing levels folltgy ischemia

represent contractile protein damage.

In conclusion, here we show for the first time atpctive effect for DMSO on

anin vivo model of rat acute myocardial ischemia, althougther studies are
required to define the mechanism at the basisisfdfiect, we think that our

work contributes to delineate the pharmacologiaaifile of this neglected

compound.
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