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ATP: production ATP: production stimulistimuli and and cellularcellular responsesresponses



COMMUNICATING VIA ATPCOMMUNICATING VIA ATP
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Novak, 2003
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P2X P2X ReceptorsReceptors
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homology

LPS-binding motif

12q24
TMI TMIIExtracellular domain Cytoplasmatic domain

P2X7 P2X7 ReceptorReceptor



P2X7rP2X7r

LPSLPS

1.1.

2.2.
3.3.

4.4.

5.5.

P2X7 P2X7 receptorreceptorenhancesenhances
inflammasomeinflammasomeactivationactivation

ATPATP



P2X7P2X7

ILIL --6 6 mRNAmRNA expressionexpression ILIL --11ββββββββ and ILand IL --18 18 secretionsecretion

[Ca++]i

[K+]i



ATP 1mMATP 1mM

BzATPBzATP 0,5mM/0,1mM 0,5mM/0,1mM -- KN 62 1KN 62 1µµM M 

(30(30’’3737°°C C prepre--incubationincubation))

P2X7 P2X7 receptorreceptorfunctionfunction analysisanalysis
[Ca2+]i fluxes measurement in monocytes using a single-cell fluorescent microscopy method

Fura-2/AM
20’ 37°C



Behçet’s disease

Oral and genitals
ulcers

Ocular disease
(uveitis)

Cutaneous
lesions

Gastrointestinal
disease

Clinical features

sudden recurrent inflammatory attacks intercalated with 
periods of remission



P2XP2X77 receptor function analysisreceptor function analysis
[Ca2+]i fluxes measurement in [Ca2+]i fluxes measurement in monocytesmonocytesusing a singleusing a single--cell fluorescent microscopy methodcell fluorescent microscopy method
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Mann-Whitney p=0.0047**

RM-ANOVA 

BD patients p=0.003

*  p<0,05, ** p<0,01 Dunn’s

Healthy controls p=0.002

*  p<0,05, ** p<0,01 Tukey-
Kramer

P2XP2X77 receptor function analysisreceptor function analysis

BzATPBzATP--inducedinduced
releasereleaseofof ILIL --11ββ

Healthy controls n=8
BD patients n=8



**  p<0.01 unpaired t test

P2XP2X77 receptor expression analysisreceptor expression analysis
Flow Flow cytometrycytometry assay (P2X7assay (P2X7--FITC and CD14FITC and CD14--PE) PE) 

Mean Fluorescence Intensity  of CD14+cells (Mean Fluorescence Intensity  of CD14+cells (monocytesmonocytes))

Healthy controls n=14

BD patients n=13



P2XP2X77 receptor in BD patients: effect of antireceptor in BD patients: effect of anti--TNFTNFαααααααα treatmenttreatment

Mean Fluorescence Mean Fluorescence 
Intensity of CD14+ Intensity of CD14+ 
cells (cells (monocytesmonocytes) ) 

RM ANOVA: p<0.05

Dunn's testPost-hoc test: *p<0.05

HealthyHealthy controlscontrols n=14n=14

BD  BD  ununtreatedtreated n=4n=4

BD BD treatedtreated n=11n=11
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P2XP2X77 receptor:  in vitro modulating effect of receptor:  in vitro modulating effect of TNFTNFαααααααα

HealthyHealthy controlscontrols n=5n=5
RM ANOVA: p<0.05

Dunn's testPost-hoc test: *p<0.05

TNFTNFαα inducedinduced
P2XP2X77 receptor receptor 

expressionexpression

HealthyHealthy controlscontrols n=3n=3



P2X7 P2X7 P2X7 P2X7 P2X7 P2X7 P2X7 P2X7 upregulationupregulationupregulationupregulationupregulationupregulationupregulationupregulation in Multiple in Multiple in Multiple in Multiple in Multiple in Multiple in Multiple in Multiple SclerosisSclerosisSclerosisSclerosisSclerosisSclerosisSclerosisSclerosis

P2X7R is probably involved in the pathological mechanisms of

MS, being upregulated in:

astrocytes (human cerebral cortex), Narcisse et al. Glia, 2005

oligodendrocytes (human and rat optic nerve), Matute et al. J 

Neurosci., 2007

microglia (human spinal cord), Yiangou et al. BMC Neurol., 2006

monocytes (human PBMC), Caragnano et al., J Neuroimmunol., 

2012
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PP11 receptorsreceptorsand Immune and Immune CellsCells

HaskoHasko G, G, CronsteinCronstein BNBN. . TrendsTrendsImmunolImmunol 2004; 25: 332004; 25: 33--99



A1A1 A2aA2a A2bA2b A3A3

IntracellularIntracellular 2nd 2nd messengermessengerpathwayspathways
cAMPcAMP

Ca++Ca++ - -
p38p38 - -
p42/44p42/44 - -

SelectiveSelectiveagonistsagonists CPA            GCSCPA            GCS--21680            21680            -- IBIB--MECA            MECA            

CCPACCPA 2CI2CI--IBIB--MECAMECA

SelectiveSelectiveantagonistsantagonists DPCPX         ZM241385      DPCPX         ZM241385      AlloxazineAlloxazine MRSMRS--12201220
PACPXPACPX CSCCSC

AffinityAffinity toto adenosineadenosine HH HH LL LL

GG--proteinprotein--couplingcoupling Gi/oGi/o Gs        Gs        GsGs,,GqGq Gi,Gi,GqGq

ADENOSINE RECEPTORSADENOSINE RECEPTORS
HaskoHasko G, G, CronsteinCronstein BNBN. . TrendsTrendsImmunolImmunol 2004; 25: 332004; 25: 33--99



ModulationModulation of the of the profileprofile of of cytokinescytokines//chemokineschemokinesgeneratedgeneratedin in 
inflammatoryinflammatory neutrophilsneutrophilsbyby activationactivationof the of the adenosineadenosineAA2A2A receptorreceptor. . 

A2AR, adenosine A2A receptor; 
LPS/LBP, 

lipopolysaccharide/lipopolysaccharide
binding protein; 

TLR4, Toll-like receptor-4. 

Mc Coll SR, et al.FASEB Journal.2006;20:187-189 



AdenosineAdenosineinhibitsinhibits ILIL --12 production 12 production 
in mouse in mouse peritonealperitonealmacrophagesmacrophages

LPSLPS LPS + IFNLPS + IFN--γγγγγγγγ

HaskoHasko GDG, GDG, etet al.al. FASEB JFASEB J 2000;14:20652000;14:2065--2074 2074 



SelectiveSelectiveeffecteffectof of adenosineadenosineon on inflammationinflammation

HaskoHasko GDG, GDG, etet al.al. FASEB JFASEB J 2000;14:20652000;14:2065--2074 2074 

inhibitioninhibition of of 
propro--inflammatoryinflammatory
and and enhancementenhancement

of of antianti--inflammatoryinflammatory
cytokinescytokines



EnhancedEnhancedaccumulationaccumulationof of propro--inflammatoryinflammatory cytokinescytokinesand and tissuetissuedamagedamage
in A2ain A2a--receptorreceptor--deficient deficient micemicetreatedtreatedwithwith endotoxinendotoxin

Ohta A and Sitkovsky M. Nature2001; 414, 916-920



PharmacologicalPharmacologicalactivationactivationof A2a or of A2a or otherother GGss--proteinprotein--coupledcoupledreceptorsreceptors
inin vivo vivo preventspreventsCon Con AA--inducedinducedliverliver damagedamageand TNFand TNF--αααααααα accumulationaccumulation

Ohta A and Sitkovsky M. Nature2001; 414, 916-920



decreaseddecreasedexpressionexpression
of of proinflammatoryproinflammatory cytokinecytokine mRNAmRNA

in in splenocytessplenocytesof of micemice withwith
pharmacologicallypharmacologically activatedactivated in vivo in vivo 

A2AR  A2AR  
(CGS21680, CGS)(CGS21680, CGS)

increasedincreasedexpressionexpressionof of proinflammatoryproinflammatory cytokinescytokinesmRNAmRNA
in A2ARin A2AR--deficient deficient micemice (total spleen (total spleen mRNAmRNA))

increasedincreasedexpressionexpression
of of proinflammatoryproinflammatory cytokinescytokines’’ mRNAmRNA

in in macrophagesmacrophagesfromfrom A2ARA2AR--deficient deficient micemice

increasedincreasedexpressionexpression
of of proinflammatoryproinflammatory cytokinescytokinesmRNAmRNA

in in splenocytessplenocyteswithwith
pharmacologicallypharmacologically inactivatedinactivated

in vivo A2AR in vivo A2AR 
(ZM241385, ZM)(ZM241385, ZM) Lukashev D, et al J Immunol. 2004 Jul 1;173(1):21-4.



CONGESTIVE HEART FAILURE

Hemodynamic
Factors

Neurohumoral
Factors

Inflammatory
Factors

Myocardial
remodelling

Immunologia 
Clinica 
2004



* *

Normal subjecys (n=8)

CHF patients (n=12)

LPS, 0.5 ng/ml LPS, 0.5 ng/ml
+CGS, 100 nM
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*p<0.05 with respect LPS alone, Scheffé test

Ability of the A2A receptor agonist CGS21680 to
decrease the 

production of TNFαααα from cultured PBMC
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Altered expression of A2A receptors in CHF PBMC



La La upup--regulationregulation dei recettori Adei recettori A2A2A nei PBMC rispecchia nei PBMC rispecchia 
le modificazioni recettoriali del cuore scompensatole modificazioni recettoriali del cuore scompensato

Varani K, Laghi Pasini F.  Varani K, Laghi Pasini F.  etet al. al. FASEB J FASEB J 2003; 17: 2802003; 17: 280--282282



Espressione del  recettore A2A in PBMC Espressione del  recettore A2A in PBMC 
(RT(RT--PCR ed Western PCR ed Western blotblot))

PL Capecchi, PL Capecchi, etet al. al. J Card J Card FailFail 2005; 11: 672005; 11: 67--7373



Normalizzazione dei recettori ANormalizzazione dei recettori A2A2A (PBMC ) dopo il (PBMC ) dopo il 
trapianto cardiaco trapianto cardiaco 

Varani K, Laghi Pasini F.  Varani K, Laghi Pasini F.  etet al. al. FASEB J FASEB J 2003; 17: 2802003; 17: 280--282282



PL Capecchi, PL Capecchi, etet al. al. J Card J Card FailFail 2005; 11: 672005; 11: 67--7373

Effetto del TNFEffetto del TNF--αααααααα sulla espressione sulla espressione 
del  recettore A2A in PBMC (RTdel  recettore A2A in PBMC (RT--PCR)PCR)
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RHEUMATOID ARTHRITISRHEUMATOID ARTHRITIS

Autoimmune disease characterized by chronic inflammation of the 

joints. The synovial membrane is hyperplastic and infiltrated with

mononuclear cells. It is transformed into a proliferating invasive cell

mass or  ‘PANNUS’ that erodes the surrounding tissue and bone leading

to painful joint deformities.



TNFTNF--αααααααα

ILIL--11

ILIL--66

• synovial fluids
• induces collagenase and MMPs release
• stimulates IL-8 synthesis

• key mediator of synovial inflammation and pannus formation
• activates T- and B-lymphocytes
• pain, swelling and tenderness

• inflammation sites in the articular joints
• activates T- and B-lymphocytes
• synthesis of C-reactive protein

CYTOKINES NETWORKS CYTOKINES NETWORKS 
IN RHEUMATOID ARTHRITISIN RHEUMATOID ARTHRITIS



SYNOVIAL CELL TYPESSYNOVIAL CELL TYPES

�Aggressive and invasive behaviour

�Partecipate in inflammation,hyperplasy of the 

synovial membrane

�Secrete MMPs and PGs leading to the 

destruction of the articular cartilage and bone

�Perpetuation of chronic inflammation by

producing cytokines (IL-6)

� Possess an antigen presenting ability

� Resident macrophages

� Secrete inflammatory cytokines

SynovialSynovial
membranemembrane

SYNOVIOCYTES

TYPE B TYPE B 

((fibroblastfibroblast--likelike cellscells))

TYPE ATYPE A

((macrophagicmacrophagic cellscells))



MORPHOLOGY AND CHARACTERIZATION OF MORPHOLOGY AND CHARACTERIZATION OF 
SYNOVIAL CELLS BY FLOW CYTOMETRYSYNOVIAL CELLS BY FLOW CYTOMETRY

Flow Cytometry

CD90/Thy-1 = fibroblasts

CD14         = macrophages

Morphology

Caporali F., Laghi Pasini F  et al J Mol Med 2008



TYPETYPE--B SYNOVIOCYTES EXPRESS P2X AND P2Y B SYNOVIOCYTES EXPRESS P2X AND P2Y 
RECEPTORS SUBTYPESRECEPTORS SUBTYPES

RT-PCR

Western Blot

P2YP2Y11P2YP2Y P2YP2Y1111P2YP2Y44 P2YP2Y1144P2YP2Y1313P2YP2Y1122

P2XP2X11 P2XP2X44 P2XP2X55P2XP2X P2XP2X66 P2XP2X77P2XP2X22



ROLE OF ROLE OF BzATPBzATP IN MODULATION OFIN MODULATION OF

[Ca[Ca2+2+]]i  i  IN TYPEIN TYPE--B SYNOVIOCYTESB SYNOVIOCYTES

+ Ca+ Ca2+2+ -- CaCa2+2+

Caporali F., Laghi Pasini F  et al J Mol Med 2008



P2XP2X77 INVOLVEMENT IN ILINVOLVEMENT IN IL--6 RELEASE6 RELEASE

Caporali F., Laghi Pasini F  et al J Mol Med 2008



oATPoATP INHIBITS ILINHIBITS IL--6 RELEASE IN TYPE6 RELEASE IN TYPE--B B 
SYNOVIOCYTESSYNOVIOCYTES

Caporali F., Laghi Pasini F  et al J Mol Med 2008



BzATPBzATP UPREGULATES EXPRESSION OF ILUPREGULATES EXPRESSION OF IL--6 mRNA    6 mRNA    
IN HUMAN SYNOVIOCYTESIN HUMAN SYNOVIOCYTES

Caporali F., Laghi Pasini F  et al J Mol Med 2008



EFFECT OF EFFECT OF α,α,α,α,α,α,α,α,ββββββββMeATPMeATP ON ILON IL--6 RELEASE IN 6 RELEASE IN 
TYPETYPE--B SYNOVIOCYTESB SYNOVIOCYTES

Caporali F., Laghi Pasini F  et al J Mol Med 2008



AGONIST TREATMENT DOES NOT CAUSE CELL AGONIST TREATMENT DOES NOT CAUSE CELL 
DEATH DEATH 

Caporali F., Laghi Pasini F  et al J Mol Med 2008



YO PRO UPTAKE IN HEK293 YO PRO UPTAKE IN HEK293 



YO PRO UPTAKE IN SYNOVIOCYTESYO PRO UPTAKE IN SYNOVIOCYTES



YO PRO UPTAKE IN HEK293 AND SYNOVIOCYTESYO PRO UPTAKE IN HEK293 AND SYNOVIOCYTES

P2XP2X77--HEK 293HEK 293 HEK 293 HEK 293 mockmock synoviocytessynoviocytes

Caporali F., Laghi Pasini F  et al J Mol Med 2008



CONCLUSIONSCONCLUSIONS
� Human type-B synoviocytes from Rheumatoid Arthritis patients express 

multiple purinergic P2 receptors (P2X and P2Y receptors)

� P2 receptor subtypes are coupled to [Ca2+]i mobilization

�Stimulation with agonist BzATP induces IL-6 mRNA transcription and the 

release of the protein

�IL-6 release is not the consequence of cell death

� P2X7 stimulation does not cause pore formation

�Purinergic receptor(s) may represent a possible target for the pharmacological

manipulation of the proinflammatory activity of synoviocytes



MTX i.v.

Laghi Pasini F. et al.  J. Rheumatol. 1997



Effetto antiEffetto anti--infiammatorio del infiammatorio del metotrexatometotrexatoed ed adenosinaadenosina

Montesinos MC, Takedachi M, Thompson LF, et al. Arthritis Rhem 2007; 56: 1440-45
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TwoTwo dangerdanger--signalsignal model of model of anan immune immune responseresponse

SitkovskySitkovsky MV, MV, OhtaOhta A.A. TrendsTrendsImmunolImmunol 2005; 26: 2992005; 26: 299--304 304 



Danger signal triggers the delayed negative feedback inhibition of activated
immune cells in inflamed tissue microenvironment

SitkovskySitkovsky MV, MV, OhtaOhta A.A.
TrendsTrendsImmunolImmunol 2005; 26: 2992005; 26: 299--304 304 


