University of Siena
1240




s & J J / \ m' 225N 1 \
ilrd.a.;l f {3 F 4 I 1% bll 1% \ | \
r|I-II/I“l'.l 4 .. f ¥ F J f 3 .J II .‘ l‘l i‘ S . .
£ ,'. f47 F . GURRRARY !
I 1' .'.I & i J ; 4 { f 4 18 'I II % I
f " '! .:. / .. -I f 4 # 1 II II‘ | 1

.'/,f'/’_: 11114 . {11

F f' / s [ 74 4 L1 % ‘ i !

4 ‘-I r _.'-I ' ? i {f 1 I‘ i A
/ i

ral overview




Epithalia

3%

Platelats

Endothelial cells

©
Cytotoxic T cells
.@? s
Macrophages

wes
-
Microglia

Meurons

N/

ATP

/\

ATP: productionstimuli and cellular responses
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COMMUNICATING VIA ATP

™ ., e -ATP

S8R S8 e Illlll! Hllll PURINE AND PYRIMIDINE

NUCLEOTIDE RELEASE

nerve impulse

mechanical stress
stimulus cell volume

cell death
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ATP —T-> ADP —tbAMZP ibAdenosine

release 7

PURINERGIC
CASCADE
Purinergic
receptors -
PURINERGIC
SIGNALLING

responses l l

synaptic transmission coagulation response tissue protection
nociception muscle tone anti-inflamatory effect
inflamatory response release of macromolecules anticoagulation
mechanosensory transduction cell permeability antinociception

cell necrosis/apoptosis epithelial transport decrease neuronal activity

cell proliferation/differentiation cpithelial transport Novak. 2003
)




PURINERGIC RECEPTORS




PURINERGIC RECEPTORS

P1 RECEPTORS Adenosine




P2Y Receptors
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P2X7Receptor

TMI Extracellular domain TMII Cytoplasmatic domain

12q24
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Receptor Main Distribution Agonists Antagonists
P2X, Macrophages, mast cells, microglia, | BzZATP KN 62
pancreas, skin, endocrine organs




P2X7receptorenhances ©
Inflammasomeactivation LR gands H‘

Bacterial FMA,
MDP, uric acid
crysialks (MSLY),
microbial loxins,
skin irritants

ivation
NAD CARDIMAL f
o P
o~ 37
|
YD
t synthesis of pro-1IL-1p

of pro-IL-18




T [Ca++]i

P2Xy receptor EGF receptor

F1s
a4 Ca cat*

S, S, B,

=

o - -
£ i G P W
ca?t ga't 1:&:" (g JX!; @
rot ¥ T A
> Em e
v

T

-_—
nuciear £ B \

membrane CERK) L \

t IL -6 mMRNA expression

TLR ligands —

Call membrans

Bactarial RNA,
MDP, uric acid
crystals (MSL),

microbial toxins,
skin irilants

@
(i
e |

S
.

=
-
-
-
.
-
-

e on . Processing |

sty T
-

=
-
-
-
-
-
-
-
-
.

NFxB
. activation
— -C-'_:
T NALP3 | L
MACHT R
. = activation F ép
Cﬁ F
]
t synthesis of pro-IL-1p
of pro-il-18

t IL -1 and IL-18 secretion




P2X7receptorfunction analysis

[Ca2+]i fluxes measurement in monocytes using a single-cell fluorescent microscopy method
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Behcet’s disease

Clinical features

Ocular disease
(uveitis)

Oral and genitals
ulcers

Cutaneous
lesions

sudden recurrent inflammatory attacks intercalated with
periods of remission




P2X; receptor function analysis

[Ca2+]i fluxes measurement ilfmonocytesusing a singlecell fluorescent microscopy method
1500~
[eH0 —— BD patient
— Healthy control
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= 1000- =
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P2X; receptor function analysis

Mann-Whitney p=0.0047**

**
*

450 | .
0 Healthy controls n=8 0 BzATP-induced
W BD patients n=8 releaseof IL-18
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g

A -
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2 50 - BD patients p=0.003
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15 - |

< R
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P2X, receptor expression analysis

Flow cytometry assay (P2X7FITC and CD14-PE)

Mean Fluorescence Intensity of CD14+cellsr{onocytes

Count

Healthy control

Healthy controls n=14
/}pa“em BD patients n=13
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P2X; receptor in BD patients: effect of artfNF a treatment

O Healthy controls n=14

m BD treated n=11 Mean Fluorescence
Intensity of CD14+

m BD untreated n=4
cells (nonocyte¥

P2X7 expression (MFI)in CD14+
cells
(@)
o

RM ANOVA: p<0.05
Dunn's testPost-hoc test: *p<0.05
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P2X7 expression {MFIl} in CD14+cells

P2X; receptor: In vitro modulating effect of NF a

TNFa induced

P2X, receptor
expression
*
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Dunn's testPost-hoc test: *p<0.05




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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ADENOSINE RECEPTORS

Intracellular 2nd messengepathways
[ cCAMP

Cat++

P38

Selectiveagonists

Selectiveantagonists

Affinity to adenosine

G-protein-coupling

GCS-21680 = IB-MECA
2CI-IB-MECA

ZM241385 Alloxazine MRS-1220
CSC

H L L

Gs Gs,Gg Gi,Gq




Inflammatory neutrophils:

Adenosine/
AsaR agonist

v

AR
, adenosine A, receptor; mﬂn 2A

LPS/LBP

lipopolysaccharide/lipopolysaccharide
binding protein;
, Toll-like receptor-4.

MIP-1c ¥
MIP-1B ¢
MIP-2c. &
MIP-3c ¥
IL-8

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

Hasko GDG, etal. FASEB J 2000;14:20652074




Selectiveeffectof adenosineon inflammation

-

Inhibition of
pro-inflammatory
and enhancement

of anti-inflammatory
cytokines
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Enhancedaccumulationof pro-inflammatory cytokinesand tissuedamage
iIn A2a-receptordeficientmicetreatedwith endotoxin
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Ohta A and Sitkovsky M. Nature 2001; 414, 916-920
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Pharmacologlcalactlvatlon of A2a orother G_protein-coupledreceptors
preventsCon A-inducedliver damageand TNFa accumulation

o
T

B Con A

Con A: 20 mg kg! W Con A+ CGS

l. ..

ConA ConA ConA ConA . 4 a
+CGS +lso + PGEs Time after Con A
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Serum TNF-o levels
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None CGS GGS Iso PGE, None CGS Iso PGE,
+ ZM

*
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I
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Ohta A and Sitkovsky M. Nature 2001; 414, 916-920




increasedexpressionof proinflammatory cytokinesmRNA
in A2AR -deficient mice (total spleenmRNA)

Increasedexpression

IL-12p35 -
IL-12pd0,

IL- 1
IL-1f =

IL-1RA—~

- & - -!
t_:fpf.'ra: & —TNFa—®=»
Lo Tt g
L1p~ - | $— TN — e
IL-1 AA= :

L-18= '.._TGFIH-—!‘..

of proinflammatory cytokinesmRNA

In splenocyteswith
pharmacologically inactivated
in vivo A2AR
(ZM241385, ZM)

iIncreasedexpression

of proinflammatory cytokines mRNA
in macrophagesfrom A2AR-deficient mice

lela

LT
+~IL-1RA

= MIF
32
=GAFDH

- ll-12pd0

w=ll-1a

-1
L IL-1RA

decreasedexpression
of proinflammatory cytokine mRNA
In splenocytesof mice with
pharmacologically activated in vivo
A2AR
(CGS21680, CGS)

The Journal of Immunology

Lukashev D, et al J Immunol. 2004 Jul 1;173(1):21-4.




CONGESTIVE HEART FAILURE

Inflammatory
Factors
) "\

Hemodynamic Neurohumoral
Factors Factors

Myocardial
remodelling




Ability of the A,, receptor agonist C6521680 to
decrease the
production of TNFa from cultured PBMC

Normal subjecys (n=8)

CHF patients (n=12)

(N
o
o

Q1
o
o

TNFa levels
(pg/ml + E.S.)

w
o
o

s

T

e
:

G

R
W
W
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LPS, 0.5 ng/ml
LPS, 0.5 ng/ml o -0

*p<0.05 with respect LPS alone, Scheffé test




Altered expression of A,, receptors in CHF PBMC

.S.)

38 34 38 34
cycles cycles cycles cycles

A,, receptor
- mRNA

Normal CHF
subjects patients
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% of normal level set to 100 + E
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(

normal
subjects patients
n=26 n=27

*p<0.05 with respect to normal subjects, Fischer
test)




La up-regulationdel recettori A, nei PBMC rispecchia
le modificazioni recettoriali del cuore scompensato

130 4

=) 523632 110 nmel'L
=] = 135 1 8 fmol'mg protein
* ‘n!.h o) =4 78+ 0 24" nmoll

1 % - Bmal) = 2102 8" tmelimg protein

. ",
| “

L *P=0.01

"

-ZM 241385 bound

5

S

o

Q.

=

£

3 100

£
EH
i

h
L

1Il] 1|5 20
[’H}-2M 241385 free (nM)

Varani K, Laghi Pasini F. etal. FASEB J2003; 17: 286282




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

Normal CHF
Subjects FPatents

n=6 =T
&
P——

Az4/B-actin ratio

B

PL Capecchi,etal. J CardFail 2005; 11: 6773




Normalizzazione del recettori A (PBMC ) dopo Il
trapianto cardiaco

A2 receptor
density in
lymphocytes
(fmol/mg protein)

mean of 20
normal

'E - - — subjects
(49:2fmolimg protein)

1 ] [ ]
2-4 4.8 812 12-24
weeks weeks weeks weeks
I n=6 n=o n=4 n=4 |

AFTER HEART TRANSPLANTATION

Varani K, Laghi Pasini F. etal. FASEB J2003; 17: 286282




Effetto del TNFa sulla espressione
del recettore A2A in PBMC (R-PCR)

Control TNFa Contrel TNFax

BN £ e B B
e M e [ )

Normal subject CHF patient

-

PL Capecchi,etal. J CardFail 2005; 11: 6773
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RHEUMATOID ARTHRITIS

Normal Joint Rheumatoid Arthritis

Muscle
R Bone Baone
Fl H’Ff erasion ¢
. ats Synovial o iR My

' - membrane ¢

| -; . § 1 I.I
. - _~ =ynovial .
II
]

fluid

- A fﬁ;" | ™Jaint capsule
Tendon % ‘E‘- f

Cartilage

=wollen inflamed
=ynovial membrane

G Wbedicine Nat | Inc

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.



CYTOKINES NETWORKS

IN RHEUMATOID ARTHRITIS

IL-10 IL-1
IL- 1R5@ IL- 1a® FeF@
STNFR _ TNEa TaFp®
IL-15
GM-CSF :
M-csF @ ' :t E Fibroblast
TNF-o.

GM- CSF

Macrophage

IL- 1?@ ILJJ: @

IFM-y IL-10

» synovial fluids

TNF-a . induces collagenase and MMPs release
- stimulates IL-8 synthesis

- key mediator of synovial inflammation and pannus formation

IL-1 - activates T- and B-lymphocytes

* pain, swelling and tenderness

- inflammation sites in the articular joints
IL-6 !

- activates T- and B-lymphocytes
- synthesis of C-reactive protein



SYNOVIAL CELL TYPES

SYNOVIOCYTES

v’ Resident macrophages
v Possess an antigen presenting ability

v’ Secrete inflammatory cytokines

: Fibroblast

v'Aggressive and invasive behaviour

(fibroblast-like cells)

Synovial
m)émbrane v'Partecipate in inflammation, hyperplasy of the

/

synovial membrane

v'Secrete MMPs and PGs leading to the

destruction of the articular cartilage and bone

%}"ﬁ éﬁ:“pﬂ: mﬁrinﬁ v'Perpetuation of chronic inflammation by

producing cytokines (IL-6)



MORPHOLOGY AND CHARACTERIZATION OF
SYNOVIAL CELLS BY FLOW CYTOMETRY

CD90/Thy-1 = fibroblasts
CD14

macrophages

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



TYPE-B SYNOVIOCYTES EXPRESS P2X AND P2Y
RECEPTORS SUBTYPES

RT-PCR

P2X, P2X, P2X,  P2X, P2X, P2X,
g &
¢ ¢
. S &
P—actin = Oy 7
& L Q

P2y, P2Y, P2y,  P2Y,, P2y,  P2Y,
- = H HIIH

v | P2X, | P2X,| P2X, | P2Xs | P2X, | P2X,

pzy | P2y, | P2Y,| P2y, | P2Yy,| P2y,,| P2Y,,




ROLE OF BzATP IN MODULATION OF
[Ca?*]. IN TYPE-B SYNOVIOCYTES

T oy
95 - 31
BzATP 497
Z L
=) 25 -
B 500LM 8 24 4 BZATP
% 21 \ T 224 500N
2 e 2 -
518 E 184
1.7 1IB-%
o 144
1|5 1|2 T T L) L] L T L) L] L] L] L]
20 25 32 37 43 49 54 60 66 7.1 77 83 88 0 02 04 06 08 1 12 14 16 13 2 22
Time (min) Time (min)

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



P2X, INVOLVEMENT IN IL-6 RELEASE

EHF kEF AEhE

]
(]
]
o

1500 -

1000 -

IL6 pg/ml/3x10* cells

500 -

3H 6H 24H

Oc@oIL1-6 (0,1ng/m) @ BzATP 100 pM B BzATP 500 M

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



oATP INHIBITS IL-6 RELEASE IN TYPE-B
SYNOVIOCYTES

400
300
200 4
100
o - i ﬁ

IL 1|3 Elzﬂ.TF' Elzﬂ.TF' Elzﬂ.TF' Elzﬂ.TF' IIIATF'
100pM S00pM 100pM 5000 300

oATF S00pM

IL6 pg/ml 3x10% cells

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



BzATP UPREGULATES EXPRESSION OF IL-6 mRNA

IN HUMAN SYNOVIOCYTES

3h

30° 1h30°

1h

IL-1 BZATPBzATP  C  IL-1 BzZATPBzATP  C  IL-1 BzATP BzATP IL-1 BzATP BzATP
100uM 5001M 100uM 500uM 100uM 500uM 100uM 5001M

F. et
i _ o | _
o0y
_ " )
et SRR Aot cawee

IL-6

Bac‘hn — ity ey

C IL1B3 BzATP BzATP C IL1p BzATP BzATP
100pM 500u.M 100pM 500uM

25

B-actin 661bp Dluij I I l

|L-6 628bp

IL-6/p-actin ratio

IL-1p  BzATP  BzATP
100pM  500pM

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



EFFECT OF o, MeATP ON IL-6 RELEASE IN
TYPE-B SYNOVIOCYTES

IL6 pg/ml/3x10? cells

1500,0
1000,0 -
500,0 4
0,0
C IL-1p «,pMeATP o,fMeATP apyrase
(0,1ng/ml) 100pM 100pM (10U/ml)
+
apyrase
{10U/ml)

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



AGONIST TREATMENT DOES NOT CAUSE CELL
DEATH

C IL-1f Bz ATF BzATP o fMeATP  ATP ATP ATP
[0.4ngéral] 100pM  500pM  A00pM  100pM 500pM AmM

|-3n' 01th O3h @6h @24h

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



YO PRO UPTAKE IN HEK293

Fluorescence

Untreated cells
P2ET-HEKZ293

BzATP 5000M
P27 -HEKZ93

BzATP 500M
HEEZ293-mock




YO PRO UPTAKE IN SYNOVIOCYTES

Bright-field Flucrescence

Untreated cells
synoviocytes

BzATP 500.M
synoviocyies




Counts

YO PRO UPTAKE IN HEK293 AND SYNOVIOCYTES

P2X,-HEK 293

BzATP+
YO PRO

Fluorescence intensity (YO-PRO)

Counts

70 140 210 280 350

HEK 293 mock

BzATP+
YO PRO

10°
FL1-H
Fluorescence intensity (YO-PRO)

Connts

0 10 20 30 40 & 60 T &

-

syhoviocyties

BzATP+
YO PRO

F?.1-H
Fluorescence intensity (YO-PRO])

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




CONCLUSIONS

v Human type-B synoviocytes from Rheumatoid Arthritis patients express
multiple purinergic P2 receptors (P2X and P2Y receptors)

v’ P2 receptor subtypes are coupled to [Ca?*]. mobilization

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

release of the protein



VI A LV, A. METHOTREXATE 7.5 mg i.m.

nmal/l ADO
00

nmol/l ADO

MTX i.v. MTX 10 mg

—4— MTX 10 mg

A MTX 5 mg ‘ ! I min120 ’ 180 ] 240

[Jsp. ANOVA: F = 41528; p < 0.01.
S.NK. (120 vs 0): p < 0.001.

nmol/l ADO
500

-8 MTX 10 mg
T —4— MTX7.5mg
T T T T T T T ~A- MTX 5 mg

0 10 20 30 45 120
min
Figure 1. Plasma levels of adenosine (ADO) after iv administration of
MTX.

Laghi Pasini F. et al. J. Rheumatol. 199Y




Effetto antrinflammatorio delmetotrexatoed adenosina

- $ cD3g .
P | o awe ,Qﬁ} P
DHFR | IMP =—, _.AMPI % i AMPe—"
MTHFR AlCAr
| | e Pi
Inosine Adenosine — Adennsinat
ADA "_7'
11l il calll: -y

Arthritis
& Rheumatism
Montesinos MC, Takedachi M, Thompson LF, et alArthritis Rhem 2007; 56: 1440-45
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Two dangeesignal model ofan immune response
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-Banger signal triggers the delayed negative feedback imion of activated
iImmune cells in inflamed tissue microenvironment —

Proinflammatory e
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