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2UYKPOUGHN CUUPEPOVIWV

e [La TNV mapovoa opALa: TLUNTIKA apolBn arno Menarini

e EKMalOeUTIKEC-OCULBOUAEUTIKEC UTINPECLEC TNV
televutata Sietia: Abbvie, MSD, UCB, Novartis, BMS



Louis XIV Emperor Augustus Henry VIII

...I'kaite, AouBnpocg, KapAopadyvocg, NaAiAaiog, Aapfivoc,
loadk Neutwv, Nootpadauog, X. KoAouBog, PouofeAt



E€eALKTIKO TTAEOVEKTN A N TtNYN KWVOUVOU;

* EAAewpn ouplkaonc nouv amodoEL TO OUPLKO
o0&V oe (neploootepo dlaAutn) aAlavtoivn

* [poocdepe MAEOVEKTNA KOTA TNV €EEALEN TOU
avBpwritvou eidouc (Betikn enibpacn otnv
aptnpLakn riteon o ouvOnkec eAewpnc Na -
AVTLOEELOWTLKO - VEUPOOBSLEYEPTLKO)

* INUEPA AVENUEVO TTPOOSOKLUO ETILRLWONC Ko
dlatpodlkec cuvnBelec: ™ umtepoupLyoLpia



[TpoeAevon oupLKOU 0EEOC

* De novo cuvBeon noupwwy, KUPLWE 0TO NIop

e KatafoAlopOC TwV EVOOYEVWY TTIOUPLVWV
(lotikn armodounon)

e KataoBoALOMOC TV EEWYEVWYV TTOUPLVWYV TNC
TPOdNG
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Mnyoviopot opaywync-puoluLonc oupLlkou

Ribose-5-P + ATP
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Zxnpa 12-1. Mnxaviopoi pudpiong Tng mapaywyrig oupikou 0EE0G OTO HETABOAIOHO TWV TTOUPIVAV.
Ot ouoieg mou €xouv Keviplkd poAo o ouvBeon nouplvwv eivat n PRPP (5-phosphoribosyl-1-
pyrophophosphate) kat n HGPRT (hypoxanthine-quanine-phosphoribosyl-transferase).



Uric acid

Glomerulus GLOMERULAR FILTRATION
f ~
98%-100% REABSORPTION Net
Proximal reabsorption
roxima -«
SECRETION > of 90% of
ConyouItBa < filtered uric
tubule 40%-48%  REABSORPTION | acid
vV
8 Excretion

. Enomolo A, ! al. Natwe 2002, 417(6887):393-395.



Mechanisms for urate reabsorption by the proximal tubule

Lactate-
SLC5A8 Na+ Butyrate-

SLC5A12 (Anion~),, MNicotinate

Salicylate-
PZA-
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Interstitium/
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Tubular
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Sodium-dependent anion transport by SLC5A8 and SLC5A12 increases
intracellular concentrations of anions that exchange with luminal urate
(URAT1/0AT10/0AT4). GLUTY is the presumptive exit pathway for urate
at the basolateral membrane but may also traffic to the apical memhbrane.



Mechanisms for urate secretion by the proximal tubule
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Urate-
SLC17A1

SLC1/7A3

Alpha-2KG2-
SLC13A3 (Alpha )2

Nat

Interstitium/
Basolateral

Tubular
lumen

Urate enters the cell at the basolateral membrane via exchange with
alpha-ketoglutarate, mediated by OAT1 and OAT3. At the apical
membrane, urate is secreted via MRP4, ABCG2Z, NPT1 (SLC17A1),
and/or NPT4 (SLC17A3). SLC13A1 is a sodium-dependent
transporter that drives basolateral urate uptake.



2TAOUN oUPLKOU OTO OO

Normouricemia: A Balance of
Urate Intake, Synthesis, and Excretion

Hyperuricemia
results from
overproduction of
urate ( 10%), from
underexcretion of
urate (90%), or
often a combination
of the two

Digary 7 =
punine
load

Renal
excretion

Urate laps

=

Urate apersaturaton
and crystalizat on

I |
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Choi HK & d. Ann MemVed. 2005143 4998-516,



>TAOUN oUPLKOUL OTO allpa

* QuoloAoyika ota rtadia: 2-4 mg/dl

* 3TOUC OPPEVEC aUEAVEL amoTopa oTNV
epnPela yia va pBaocel ta enineda tnc
LETEMELTA EVNALKNG (WNC

* JTLC YUVOLKEC auéavel TTOAU apya KATA TNV
evnAkn (wn Kot ¢OAvVeL 0T PEYLOTN TLUN HETA
TNV Epunvornauon (ta olotpoyova auéavouyv
™ vedpLkn amoBoAn ouptko)



Yriepoupyatpio: OpLopocg

* Me opouc maBoduololoyiac, kabe Tun
ouplkoU >6.7* mg/dl Bewpeiton
UTTEPOUPLYOLULOL

e (* Oplo SlaAutotTnTOaCc TOU oUPLKOU

LLOVOVATPLOU 0€ GUGCLOAOYLKEC CUVONKEC
pH(7.4) ko Beppokpaociac)

* Mpaktika, avdpec >7 mg/dl, yuvaikec > 6 mg/dl



Yriepoupyotpia

e TouAayiotov 5% twv evnAlkwv €XEL UTTEpOUPLYALULLOL

* To av Ba epdavictouv EMTAOKEC, E€opTATAL OTTO TA
eniineda Tov oupLkov, TN SLAPKELA TNC
UTTEPOUPLYOLLMLAC KOl TNV NALKLOL

* Opwc n peylotn mAsoPpndia avtwyv Ogv Ba
epdavioel NOTE cupnTwpoTo [ CNUELDL OUPLKNC
vooou (ouptkn apBpltda, evamobeon todwy,
veppoAlBiaon)



Kidneys
remove uric
acid from the

0 blood for
excretion out of
| N\>_ o the body
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» Overproduction of urate
— Purine-rich diet « Gout: 90% of cases due to decreased urate clearance

— Increased synthesis of purines — Can be due to renal impairment



ALTLOL UTTEPOUPLYOLLLLOLC:
avénuevn mapaywyn (10%)

Avénuevn dtakivnon moupvwv (Aepdo- Ko
nuehoUnepriAaotikd ocuvdpoua, cUvOpopo Avonc
OYKOU, LETALOOXEVON, EKTETAMEVN Ywplaon K.o)

Auvénuevn de novo ocuvBeon: WOlomabnc N oe
KANPOVOULKEC eVIULKEC SLatapaxec Tty PRPP-
ouvBetaonc, HGPRT, G-6 dwodataonc K.a

Avénuevoc katoBoAiopoc ATP (ppouktoln,
eudppaypa, aAkoOA, status epilepticus, ARDS k.a)

YriepBoAwkn e€wyevncg dtatntikn AN n mouplvwv



AlTLO UTTEPOUPLYOLLULOC:
LELWMEVN VEPPLKN amooAn (90%)

KAnpovoutkn dtatapoxn oto oupodopo cwAnvaplo
(URAT1 kAm)
NedplKn AVEMAPKELA

Dappaka (boupnTtika, AoTILPivn, KUKAOGTIOPLVN, VIKOTLVLKO
o0&V, mupalvapidn, eBaumoutoln, AeBovtona)

FaAaKTikn oécwon (onPn, aAKOOOA) Kol KETOEEWON

YrnioBupeoelblopog (eAattwon GFR), utepmapabupeost-
dlouoc, unieptaon, SnAntnpiaon amno Pb, capkoeidbwon

Avtiotaon otnv W(VooUuAivn
Tplowpia 21



Taélvopunon UTTEPOUPLYOLLULOG

Ynepnapaywyn oupikou offog MeiwpEvn anEKKpIon oupikoU ofgog

1) [d1onaBng 1) 1d1onabnig

2) EMepn HGPRT 2) Neppikn avendpkeia
*nAnpnc-cuvdp.Lesch-Nyhan 3) NoAUKUGTIKOC VEQPOC
*uepikn-ocuvop Kelley-Seegmiller 4) Anoloc dilaBnTng

3) Ynepdpaotnpidétnta PRPP-cuvBeTdong 5) Ynéptaon

4) MughounepniaaTikd voonpara 6) Lapkogidwon

5) AsppoungpnhacTikd voonpaTa 7) O&won (yahakTikn, dilaBnTiki, keToEEwaon)

6) Alpdhluon 8) YnepnapaBupeos1BIGUOC

7) MohukuTtTapaipia 9) YnoBupeoe1dIGUOC

8) Ywpiaon 10) Zuvépopo Down

9) N.Paget 11) Zuvopopo Bartter

10) Pafdopudiuon 12) @dppaka

11) Aoknon

12) Owonveupua

13) Naxvoapkia

14) Aicira nAoUoia O NOUPIVEC

Ynepnapaywyn oupikou offo¢ 600 Kal HEIWPEVN ANEKKPION AUTOU
1) Avendpkeia ahdohdong

2) Karanhngia

3) Owonveupa



NINAKAZ 2. PAPMAKA MOY EMNHPEAZOYN TH IYTKENTPQIH TOY OYPIKOY OZEOXI ITON OPO

®dappaka nov aufdavouv 1o oupiko ofu PdappaKa nov HEIWVOUY TO 0UPIKO ofU
1) ©eialidec A) AuEdvovTac TNV VEQPIKN QnEKKPIoN:
2) AloupnTikaG TNC aykuAng 1) MpoPeveaidn

3) Zahikuhikd oe piIkpec 06oelC (kdTw and 2 gr/np.) 2) ZouApivnupaldin

4) Axketalohapidn 3) @avuhoPouTtaldin,

5) Mupadvapion oEupaivuioBoutaldin

6) EBauBoutdin 4) Zahikuhikd og peydhec OO0EIC
7) NIKOTIVIKO 0&U (4-6gr/nuépa)

B) MeiwvovTac Tnv napaywyn:
1) AMonoupivoin



Mapayovtec Kivduvou

Mn TPOTOMOLNCLUOL:
HAwia

Oulo

[EVETIKOL TIOLPAYOVTEC

Saag et al, Arthr Res Ther, 2006

TpomomnolwnoLuoL:

Moaxvoapkia
Dappako
Atatta
AANKOOA

Awatapoxn vedp.
Aettoupylog



(beer), meat, seafood

T substrate provision: alcohol

o

Purine nucleotides

4 generation of uric acid:
coffee (via xanthine oxidase
inhibition?)

QO |®

ot ==

T renal excretion: vitamin C, dairy

products, coffee (via ¥ insulin
resistance), weight loss (via ¥ insulin
resistance)

i renal excretion:

alcohol (via lactic acidosis) O
obesity (via T insulin
resistance)

fructose (via T insulin
resistance?)

T nucleotide
turnover:
alcohol, fructose

\ 70 acud\

Renal Intestinal
excretion excretion




ETUToAQloLOC UTTEPOUPLYOLLULOG
A/T: <654:1, >651.3:1

Framingham study: 4.8% twv evnAiKwv OTLC
apxec tne Sekaetiac ‘80, avénon oto 9.3% ota
ueoa '90s

NHANES (ACR 2012): éwc kat 21.5%
NMpoodatec pehetec ano HB, Toupkia,
TabAavdn: 18-19%

EAAGSQ: uelétn os 1915 N/ (2007-2008):
25% >6.0 mg/dl, 11.2% >6.7 mg/d| (n.o0. 7.37)



ErtutoAaopoc ouptkng apBpitidac
* JUXVO LATPLKO TPOPBANUa tou TtpooBAaAAeL 1-2% Ttwv
eVNALKWVY 0TO BLopnnNXaviko KOGUO
* H ouvnbBeotepn PpAeypovwdnc apbpitida otouc avopec
e JuvnBeotepn otoucg avodpec (4:1 ewc 9:1)
e O grumoAaouoc avéavetal e TNV nAwKia (>7% otouc
avopec Kat ~3% OTLC YUVOLKEC >75 gTwV)
« NHANES 2007-8 (ACR 2012): 3.9% (5.9% A, 2% T)
* MeA€tn ESORDIG (2003): 0.47%
- OLOTLKEG TteEPLOXEC 0.75%, nuiaotikeg 0.37%
-A/l:3.25/1

ARD 2006,;65:1301-11, ARD 2005,64:267-72, ARD2008,;67(7)960-66, Autoimm Rev
2005,;4:130-36, latpikn 2003,;84:206
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Arromdee E, et al. J Rheumatol 2002; 29(11):2403-2406. 100 - -m
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Mikuls TR, et al. Ann Rheum Dis 2005, 64:267-272



Comparison of overall quality of life and individual
domains between subjects with gout and controls

Cases ’ Controls ’ p
Overall quality of life 15.67 16.41 0.003
Satisfaction with health 13.16 14.45 <0.001
Physical 14.08 15.95 <0.001
Psychological 15.22 15.06 0.436
Social 14.97 15.38 0.114
Environment 15.97 15.96 0.947
7.0+ s ** = Employees

6.34

6.21 with gout

6.0 ® Employees
without gout
8.0+ * p<0.0001
** p<0.0003

4.0+

Adjusted average annual days
absent

Sick Short-term Long-term Workers’
leave disability disability compensation

Kleinman NT. et al. Value in Health 2007;10:231-237.



Kootoc

Review Semin Arthritis Rheum 2015;D0I:10.1016/semarthrit.2015.02.004

Tpelg eAeyXOUEVEC LEAETEG, UTIOAOYLOAV TO LECO CUVOALKO AUECO KOOTOC (O OAEG
TG attiec) og S4,733 ava acBesvn yila toug epyolopevouc (Léon nAkia 46), $16,925
yla TOUG ynpootepouc (Léon nAkia 71), ko $18,362 yia toug avOeKTLKoUC OTh
Oeparmela acOsveic AvTiOTOLO. ZUYKPLTLIKA, TO avTloTtoLa Koot ntav $2,562,
$10,590, and 57,188 yLa TIC aVTLOTOLEC OHAdEC aloBevwV YwpLc ouptlkn apBpitida.

E&L peAétec avedepav BETIK CUCKETLON METOEL TOU AUECOU KOOTOUC KOl TWV
eTUMES WV oUPLKOU 0EEOC OTO AL, TNC CUXVOTNTAC TWV KPLOEWV OUPLKNAC
apBpitdac, kot TN mapouvciog TOPwv. Z€ pLo LEAETN, o aoBeveic e emineda
oupLkov <6 mg/dl évavtL aoBevwv pe enineda >9 mg/dl, Ta cuvoAlka Apeca KOOTN
arto OAEC TL¢ attiec Atav $11,1421 kot $S17,548 avtiotoyo. Z€ ynpoouc a.obeveic pe
TO0douc Kol avOekTIKOTNTA 0TN Bepareia (>6 KPLOELS ava £T0C), T CUVOALKA KOOTN
edtaoav ta $25,917 kat $26,890 avtiotowya.

Mua eAeyxopevn LeAETN BprKe OTL T KOOTN amolnuiwonc epyalopevwy acBevwv
LLE OUPLKN vOoo Atav $1,789 gvavtt $961 twv acBsvwv xwplc ouptkr voco. Mia
AAAN avaAuon UTTOAOYLOE TO EMUECO KOOTOC va. eivat $4,341 ava aocBevn os
avOeKTIKOUC oTn Beparmeia aoBeveic e L.0. OKTW KPLOELC OUPLKAC apBpitdac ava
£T0C, KaOepla Ao TIC omolec euBUVOTAV YLO TPELC NUEPEC ATIWAELOC Epyaciac KoTd
LL.0.



KAWLKO paopa TG oOUpLKNC VOoOU

Yymhod oupmt ofl Ymorpoméfouoa ofeia oupsar apBpmda Npoywpnpévn cupea) apBpinda

= ) Evapin mpoywpnuivng
VTQOT TTOvouU . .
oupikng apBpimbag
On kpiceig amokToly
LEYOAUTE DN IGDEEIT K
EVTOC

H ¥ povikn SIGpEEK Tw HETOKDITIKLYY
SIOTR STy YiVETO IEPOTE D

Mpocappoyry amo “Gout. Risk Factors, Diagnosis and Treatment.
AmaBeipo oro diadixtuo: hitp:knol.google. comik/gout
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ACU UITTWLOTLKI UTTEPOUPLYOLLILLOL

= Kown Bloxnuikn avwpaAio (dev amotelel vooo™)
= Auénpeéva emntimeda ouplkov otov opo (>6.7 mg/dl)

" ATTOUGCLO CUMTMTTWHATWY N ONUElwV evamoBeonc
KPUOTAAAWV OUPLKOU

= Mrnopet va Eekvrioel aBopufn Lotikn evarmoBeon
" 2/3 TWV UTTEPOUPLYOLULKWY OLOU UTTTWHLOTLKOL
" Ogparneia?

Ruoff G Consultant 2008
Eggebeen A AFP 2007
Richette P Lancet 2009



2XECN UTIEPOUPLYOLLULLOC
Kol oupPLKNC apBpitdac

B MNapampnBeioa

MoyioTike| raAvSpdunon
n=267
100% - O
80% - >

60% -

40% 5

20% 4 -

avw Tou 1 £TOUC PETA aTmd TV

% emiTrTwan Twv
UTTOTPOTTNIALOVTIWY ETTEITOBIWY
TIPWTN EMICKEYT TOU KABe
agBevolcg
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OUpIKN¢ apBpimdag ot didoTnua

u
0% 1 1 I I I

5(0,30) 6 (0.36) 7(0.42)  8(0.48) 9(0,54)  10(0,60)

Emimeda oupikoU aTtov opo Kard Tn SIGPKEIT OAOKANPNS NS
mepiodou eEEraong o mg/dl (mmol/)

Shaoji A, et al. Arthntis Rheum 2004; 51(3).321-325.



Relation Between Serum Urate Levels
and Incidence of Gout
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Choi HE& 3. Anr e Med. 2005142 499-516,
Campion B et al. 4 JVed. 1987 82:.421-426,










H bloutepotnta TNC OUPLKNACG
dAeypovng



Anuoupyla KpuoTAAAwWV OUpPLKOU

e Amapaitntn n vPnAn CUYKEVTIPWON OUPLKOU Kall

* EvOpapBpika: mapouvoio cwpatdiwyv amo
Tpavpatiopo N OA, xaunAo pH-Bepuokpaocia,
adudatwon, IgG-lgM



L

o o
Ma*
H | JL‘* on PKa =575 H N o < % H H:A\ o
o OH s, ' . ' - Ma*
ﬂ’f - i|'-'1 o ) a ul \/7
-
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Uric acid Urate ion Monosodium urate
{enal form is {predominant at {eormmon form in gout crystals)
illustrated) physiclogic pH 7.4)

A) Fuid saturation/ '

Growth proportionaltothe
supersaturation of urate.

O- Na~

Possible factors:
High urate level, '

low temperature ‘
» R /

Possible factors:
Low pH, Ca**, immunoglobulins, chondroitin sulfate,
phosphatidylcholine, mechanical shock

Curr Rheumatol Rep. 2014 February ; 16(2): 400



Presence of crystals

Mobilisation of urate due to changes in serum urate level

* Direct trauma

* Intercurrent iliness/surgery that triggers the acute phase
response

« Dehydration/acidosis (including alcoholic binge)
+ Medications (including initiation of urate lowering therapy)

+ Rapid weight loss



EumAekopevoL mapAyovtec otn SnuLoupyia
KPLOEWV

e Tomkol: amotoun pnetoBoAn cuyk. SUA, (LkpO)
neyeboc kpuotaAAwy, mepiBAnua kKpuoTaAAwY,
KUTOKLVEG, mapoucia KATAAANAWY KUTTAPWV

e JUOCTNULKOL: XELPOUPYELD, TPAUMO, AOLUWEELC,
aAAa voonpata, aAKOOA, SLoLT. TTAPAYOVTEC,
dappaka

* INMUOVTLKN N LlooppoTtiia «TtPOPAEYUOVWOWV» KoL
«ovTLpAeypovwdwv» mapoyoviwy oto nepiBAnua
TWV KPUOTAAAWV



ACTIVATION OF PHAGOCYTE BY MEMBRANE-ACTIVE CRYSTALS ‘

and signaiing mokcues l

? Phagocytoss by Fushon of vacuolar and | Phagolysosome rupturo, } Cloavage of pro.iLl, Folesso of muitiple
leukocyte, interaction hysosomal membranes activation of - signaliing, transcription pro-indammatory
_with membrane receptors inflammasomes and synthesls mediators
In cytoplasm | of mediskors

— -+ —

INFLAMMATORY MEDIATORS INDUCED BY URATE CRYSTALS

Urate crystals

lgG coating

Apo-E, B coating
A [ (R

Stimulates

Receptors,
signalling
molecules

Responding cell
(Macrophage, neutrophil)
Inflammasome activation

W Inhibits

; / // // \\ \\ Endothelins
[
74 74 14 \\7 5
Chemokines | | Lysosomal | | PGE, IL-1 Reactive N
(e.g., CCL2, enzymes LTB, IL-6 and O metabolites
CXCL8) TNFa

Copyright ©2011, 2008, 2007, 2004, 2001, 1098 by Ssevier Lad



* NMpodAsypovwdec nepiBAnua: mpocdeon IgG
oto nepiBAnpa Twv KpuoTAAAwV MSU guvoel tn
bOoyoKUTTAPWON

* Evepyormoilnon od0wv CUUTTANPWHATOC

* AvtipAeypovwdec niepiBAnua: Apolp-B kat —E,
TGF-B

* Kuttapa rnou epmAekovtol: oUOETEPODLAQ,
nopakeipeva kUTTAPA ApOpPLKOU LHEVDL
(LpevokUTtTOpa, SeVOPLTIKA K.0,, OLEPYOUEVA
LLOVOKUTTAPO KOl Awpo. pokpodaya)




To pAeypovoowpa

* [Mpwlpol «ooONTRPEC - o e
ohudtwy kwdlvou, mou N it fB ................... g
eéTOUV GE K[Vnon TOV Protein ROS/proteases .::""::b‘ ‘

’ 7 XV—\ J Phagocytosis
LNXOWVLOLO TNC ALUVOG

e OLKpuotaAloL emdpouv miochondria ii e 5
otnv evéokuTTapLa .
onuatodotnon o

(evepyormoinon MAP
KLVOLOWV, EVEPYOTIOLNON KOl
npocdeon NF-kB kuttapwv)

* KouPikoc pohoc tnc IL-1



sFA (C18:0)

- al MSU Specific
crysia
i ﬁ(—ﬁ'{*‘/—lgﬁ t [sUA] + Na*
Inflammation/ .
Gouty Arthritis LTB, T[ATp]j Lipid Sorting/
Signaling P2X7R ITAM Activation
TLR X "
— LT, \ —
Mature @O ._
1ie OO nrce ROS \y
¥ lic K]0 « ticna  P3K
Pro-IL-1f3 L I influx
Do
OO Cathepsin

\ v / Release

NLRP3 Activation



[Tl utoxwpEL n ofela Kplon??
Avénuevn elopon ApoB kat torikn mapaywyn ApoE
kot TGFB mou enevbéuouv Toug KpuoTAaAAouc Kall

avaoTEAAOUV TNV EVEPYOTIOLNCN TWV
ouvbetepOPIAWV

uotnpatikol avtipA. peocohafntec (ACTH, MSH)
KataoTeEAAOUV Ta pakpodaya

Erutomnia mapaywyn ApoE, TGFB, IL10

Ertitoriia evodwaon PPARa,y tou avaoteAAouv
TNFa, IL-1, IL-6, INOs, COX-2

Anorttwon twv dtnBouvtwv ovdetepoPpilwyv



Metamtwon otn xpoviotnta

* Mpoooxn otn A/A amod PA

FIGURE 2. Multiple tophi overlying both knees in a patient with
unrecognized gout.

Cleveland CJM 2008:75:S5

* H oKTLVOAOYLKN ELKOVO UTIOPEL VAL CUYXEETALL
LE PSA



Distal phalanx

Middle phalanx

Figure 1. Conventional radiography of both hands
showing multiple punched out erosions (arrowheads)
and soft tissue densities [tophi; arrows] typical of




Yriepoupyatpio:
Epyootnplakn dtatopoxn
(Bloxnuikn avwpoAia)

N
NPOKALVIKN KaTaotoon???



2XEON UTTEPOUPLYALULOC KOL OUV-
VOOoNpPOTNTWV



ZUV-VOonPOTNTa ouVodEUOUCA TNV UTIEPOUPLYOLLAL

* Nedppikéc ekdnAwoelc (XNA 5%, *© Kapdlakr avenapkeLo
veppoABiaon 15%)

* Maxvoapkia (AM2>25, 71%)

* YriepAutdatpia

* Ynieptaon (>50%)

* MetaBoAwko cuvdpouo (63%
P poko (63%) * Kapbrayyetakn voooc (ZN 25%)

e Yakxapwobdnc dtaBntnc Il (15%)

Vasquez-Mellado Best Pract Res Clin Rheum. 2004, Nakanishi Int J Epidem 1999, Ford JAMA 2003, Boyko Diabetes
Care 2000, Anker Circulation 2003, Gavin Am J Cardiovasc Drugs 2003, Nishkanen Arch Int Med 2004



UK: Zuv-voonpotnta acOevwyv Pe
UTTEPOU PLYOLLLLLOL

m OAor m>8mg/dl m>9mg/dl m>10 mg/dl
45 419

AAKOOAIoHOG  AlaPpATng Kapdiakn \y,?{épmon Epeppaypa Wa/xuoapkia
aveTApKEId Huokapdiou

Annemans L ARD 2008



[epupavia: Zuv-voonpotnta acBevwv pe
UTTEPOU PLYOLLULLOL

m OAor m>8mg/dl m>9mg/dl m>10 mg/dl

40 - 38,8

AAKOOAIGUOC 1aPiTNG Kapdiakn EpTaon Epppaypa  Tlaxuoapkia
aveTApKEId Huokapdiou

Annemans L ARD 2008
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Purine Factors that cause hyperuricemia:
. » Decreased kidney function
. Hypoxanthine * Diuretic use
. Xanthine P ' i . « Increased renal vascular resistance
oxidoreductase Xanthine 5 v « Insulin resistance
™ Uric acid » Others
Intracellular = U;ti:::::d
adverse action & Hyperuricemia —
of uric acid EHFEE-Df
uric acid

—11 Stimulation of RAAS

——)| Stimulation of chemokines

q

Activation of NADPH oxidase

—)| Reduction in NO biocavailability

e

Activation of vasoconstrictive mediators

Endothelial dysfunction ¥
Coronary artery disease ¥
Chronic kidney disease &—
Hypertension &

Heart failure &

Stroke e

Gout  —

Blood Purif 2014;37:172-178




Mechanisms Renal phenotype

K RAS activation \ Arteriolosclerosis
* Oxidative stress due Glomerular hypertension
to NADPH oxidase Glomerulosclerosis
activation Interstitial disease
«  Mitochondrial / Acutekidney Injury
Mild elevation of uricaad dysfunction
level in intra/extraceliular = | «  Epithelial-
condition mesenchymal
fransition
+  Endothelial Non-renal phenotype
dysfunction
» Vascular smooth * Metabolic syndrome
muscle cell * Non-alcoholic fatty
proliferation liver dlseas.e
\& Others ) * Hypertension
* Diabetes

FIGURE 1: Mechanism by which uric acid contributes to the dcvclopx]wnl of renal and non-renal diseases. RAS, renin-angiotensin system.

Mephrol Dial Transplant (2013) 28: 233 1-2238



Yriepoupyatpio kot evooBnALo
(in vitro-animal models)

KataotoAn ermumedwv NO, avénuevn ekbpaon PDGF, tomikn
rnopaywyn BpopBoéavnc-COX-2, emaywyn evOoOnALaKknc
vTtepnAaciac-tapaywync ayyetotevoivng I, avénon
delktwv o€eld. oTpeC

KouBkoc podoc tou cuotnpatoc RAS

Aué. opaywyn evéoBnAivne 1 ota Asio puka KUTTAPA TNC
QOPTNC KoL TOUC KapdLakoU S LVOBAAOTEC

OAa auta yivovtal Pe TNV 0060 Tou oUpPLKOU oTa AEia
LLULKO KUTTOPO TWV ayyeLlwv peow URAT-1



YTiepoupLYaLLLOL KOL UTTEPTOLON

 Mnyxaviopoi: evboBnAilakn BAapn, RAS-dependent
aptnplonabetla, avaotoAr) cuvBeong NO, vedpikn BAABN
(OLapeon lvwon Kol OTIELPAMATLK) OKANpUVON UE
aABoupuvoupia)

e Avetaptntoc mapayoviog kivduvou yia avarntuén AY (OR
1.41), \6lwc o€ veapouC EVAALKEC KoL YUVOILKEC

* NHANES 2007-8: AY o€ 74% gout, 44% vrntepSUA

e OeTIKN ouvoxeTon He YnAotepa emimeda oupLlkou

e ULT og edpnrifouc ‘ BeAtiwon AY

* Mpoodatn avaokornnon Cochrane: oxL cadn otoela yia
™ xpnoipotnta tnc ULT otnv peiwon tng AY

Hypertens 2001;38(5):1101-6, Arthr Care Res 2011;63(1):102-110, Hypertens 2012;60(5):1148-56,
J Am Med Assoc 2008;300(8):924-32, Cochrane Library 2013 CD008652
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Figure 1.
Proposed two-stage Urate-mediated hypertension

An 1nitial stage of urate-dependent vasoreactive hypertension 1s induced. Later, when
anatomical changes that include wall thickening and smooth muscle proliferabion have
occurred, a second and definitive sodium-dependent hypertension 1s established. Adapted
with permission from Feig, DM, The role of urate in the pathogenesis of hypertension in the
voung. J Clin Hypertens (Greenwich), 2012, 14{6): p. 346-52.

RAS = renin-angiotensin system; NO = mitnic oxide; UA = urate; VSMC = vascular smooth
muscle cell; PDGF = platelet-derived growth factor; MCP-1 = monocyte chemotachic
protein-1; Na = sodium
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Yriepoupuyatpio kat KA kivduvoc

* Alteyepon RAS, avénon napaywync evbéoBnAivnce 1,
AUENUEVO OEELOWTLKO OTPEC, TTAXUVON E0W XLTWVOL
e Ye aoBeveic pe allouc KA ntapayovtec kivduvou, n

UTIEPOUPLYOLMLA avéaveL Tov Kivouvo epdavionc OEM
Kata 26% Kol tn Ovnolpotnta katd 25%

* o kaBe mg avodou TOU OUPLKOU OTO ailpa, auEAVETOL
4% o kivbuvoc yia OEM

e Altio kot oxt amAa 6giktne KA kivbuvou?

J Hypertens 2008, 26:269-275, Eur J Endocrinol 2009, 160:45-52, Am J Med 2005,
Arthritis Rheum 2006; 54:2688-2696, Circulation. 2007;116:894-900,
Circulation 2007; 116:894-900, Curr Rheumatol Rep 2012 ;14:195-203



Yrepoupyapio kat enttwon kapdlaknic

Krishnan E Circ Heart Fail. 2009
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Yriepoupuyoupia Kot xp. vedp. BAAPn

e Juyxvotnta avartuénc XNN otadiou =3 : 24%, otadilou
>4 : 2%, veppoABiaonc 14%

* OR 2.41 kat 1.77 avtiotoLxa
e MBO. Mnyaviopuot:
- ouyvn ouvumapén uTEPTAONC Kol 2A
- evboBnAlakn SucAettoupylo AOyw uTtEPOUPLYOLULLOC
-xpnon MZAQ
- vedpayyEeLAKN VOOOC OO TV EQpEVoVoa PAeypovN

Arthritis Res Ther 2015; DOI: 10.1186/s13075-015-0610-9.



Yriepoupyatuia kot vedpikn BAaBn

 ONA: cuvopopo AUong oykou
* Nedpkoi AiBor:
- OLYWC OUPLKOL, pLKTOL
- aralLTtouvTal: urtepoupLyolpia, oéwvo pH
- *owkoyevnc AlBlaon, xp. Stappoiko, ZA, BMI

- 5-10% twv AiBwv og HMA-Evupwrn, ewc kat 40%
0€ AANEC TTEPLOYEC

- o€ a.oBeveic pe gout ywpic aywyn: emutoA. 35%

Clin ] Med. 2002;69:594-608, Kidney International 2002; 62, 971-979



ZXEON UMEpoUpLaLpiag, urtEptaonc, EEEMENC
vedpknc BAGBNC kat kapdlayyeLlaknic vooou

YrieprAaoia

Aelou puikol
4 ) KUTTApOU
Kottapo
¢ lotikn unofia Moupiveg AYYELOOTIAOLOG
/ * Kuttaptkdg Odvatog "“>XO
* Avtoxn otnv WVvoouAivn
OAeypovn

Juotnua
gvivng
Ayyelotevaivn

\ \_ Oupu<o 00 —
Yrniéptoon //v

DAeypuovn
EEEMEN vedPLKAC VOOOU

EvdoOnAtakn BAARN kot
KapSLayyeLakn) vOoog

Avram Z Rheumatology 2008



@VNOoWOTNTA OE UTTEPOUPLXOLLULKOUC KOl
TLAOXOVTEC ATtO OUPLKA VOO0

M 2 uvoAikn @vnoipéTnTa B Kapdiayyeiakyy Bvnoipotnta

—
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Me puaI0AOYIKO 0UPIKO YTmepoupixaipia OupIkH vO0ooGg
Opadecg

Kuo Chang-Fu Rheumatology 2010



YUnAdtepn kapdiayyeraxr Bvnowotnta cuvuAoTnKE UE
vnAdtepa entneda ovpkov otov opo

Mpoomntikn HeEAETN 0€ 1423 vyLeig LEONALKEC AVOPEC

100

99

98 Katwtepo tpLtnpdplo

97 , ,

9% 3 KaTNyopLlec avaloya LE T

95 wiso  ETUMTESQ TOU OUPLKOU OTOV 0PO

94 PrEHepte Katwtepo tpLrtnuopto 3,03-5,04

93 Avibtepo Méoo tplrtnuopto 5,05-5,88
FRHTHOPLO Avw TpLrtnuoptlo 5,89-9,58 mg/dL

92

|
0 2 4 6 8 10 12 14

NapakoAolOnon o€ £€tn

Niskanen Arc Int Med 2004 164 1546



Yriepoupuyatpio kot PetofoAko cuvdpouo

* EMUTOAAOUOC pHeTaoALKOU cuvdpopou 18.9% yia

entimeda ouptkov <6 mg/dl, 70.7% yia entineda >10
mg/d|

* o tnv ouplkn apBpitdba: 63.5 vs 24%
 Mewwpevn amekkplon (1 insulin) — vtepmapaywyn
* [ta BMI > 35, OR for gout X3

e AuénMEvn cuyvotnta TplyAukepLdaLpioc og aoBeveic
e ouplkn apBpitda (53.7 vs 27.9%)

Curr Opin Rheumatol. 2008;20(2):187-191), Am J Med 2007; 120:442-447,
J Hypertens 2006,;24:1633-1639, Cleve Clin J Med 75 Suppl 5: S9-12, Arthritis Rheum. 2007,57:109-115).



Vascular dysfunction; L Glucose uptake in
JNO bioavailability muscle

g

)

ﬁ Hypertension

impalired glucose
Insulin resistance - tolerance

2,
%,
Tinflammation %
Tinflammation and Nripanacia

oxldative stress Increased TG/H-
Dic ratio

Hyperuricemia

Obesity

Hyperuricemia, insulin resistance and the metabolic syndrome

Experimental models have shown that hyperuricemia-induced vascular dysfunction,
inflammation and increased oxidative stress lead to insulin resistance, which later leads to
impaired glucose tolerance and predisposes to the other components of the metabolic
syndrome.

NO = nitric oxide; TG = triglycerides; HDLc = high-density lipoprotein-cholesterol; RAS =
renin-angiotensin system.

Rheum Dis Clin North Am. 2014 May ; 40(2): 251-278.



Yriepoupuyoupia Kot 2A
* O poloc tn¢ wwvoouAivncg (epmodilel Tnv amoPfoAn
TOU OUPLKOU oTtouc vedppouc)

* Ta PnAa entimeda ovpkoL pnopouv va
ETMLOELVWOOUV TNV AVILOTOON GTNV LVOOUALVN

* AoBeveic pe oupikn apBpitda: ermumoAocpoc 2A
19.9%

* Mn eAeyxOpEVN UTTEPOUPLYOLULO: avénon Tou
kKwwduvou 2A kata 20%

J Clin Endocrinol Metab. 1994 Jan;78(1):25-9), J Rheumatol. 2004;31:1575-1581,
ACR 2011 abstr 1602



AANEC OUOYETLOELC

* YrepoupLyatula Ko
- AEE
- OTUTLKN SUCAELTOUpYLA
- uTtepmapaBupopuoc
- UTtoBUPOUOC
- pwptlaon
- OGTEOT[(')p(L)GI’] (abénon tou # KivbUvou otouc avdpec)



OupLKO 0&U:
NPO- N AVTL-0EELOWTLKO?

* Evw 1o UA eival amo ta loYupoTtepa avTl-0EELOWTLIKA TOU
NMAQOLLATOC, TO OEELOWTLKO OTPEC ELVOLL ATIO T
NMPWLHOTEPA PALVOUEVA KATA TNV
ayyelakn/vedpikn/nratikn/kapdiakni BAABN oo tnv
UTTEPOUPLYOLLLOL

* Qaivetal otL to UA dpa avtloéeldwTtika o VOPOPIALKO
nepfaiiov (mAaopa) kat avtiBeta evdokutTapLa

e Avadnteital o pnxaviopoc switch

ISSN 17385997 (Print) = ISSN 20822335 (Online)

Electrolyte Bliood Press 121-6, 2014
hitps//dx, doi, org/10,5048/EBP. 20141211

Uric Acid Puzzle: Dual Role as Anti-oxidantand
Pro-oxidant



YriepoupLyatplo Kol KopKLVOYEVEDH

Transformation

HIGH LEVEL OF
SERUM URIC ACID

Figure 1 Hyperuricemia contributes to tumorigenesis by promoting both transformation and tumor cell proliferation, migration,

and survival. High levels of extracellular UA present in the serum or in the local microenvironment of tumor cells exerts many prosinflammatory
effects that contribute to tumorigenesis. While extracellular UA has antioxidant effects that may protect normal cells from transformation, entry of
LA into cells can generate inflammatory stress that arises from the effects of intracellular UA on ROS/RNS generation and COX=2 activation.
Stimulation of cancer cells by UA further promotes proliferation, migration, and surdval that mediates progression from early stage cancer to
highly aggressive cancer.

Fini et al. Clinical and Transiational Medicine 2012, 1:16
httpeffwwwy.clintransmed.com/content/1/1/16
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Figure 2 Elevated UA and reduced intracellular XOR contribute to tumor cell proliferation, migration, and survival. B0S scavenaing
properties of extraceliular UA are postulned to promote cancer cell groweh and survival in part by protecting cells from ooadasive stress induced
apoprosts. This artses because tumor cells In general exdbit poor capacry to sutvive coadative stress compared with normal cells and may
therefore be protected by the anticsdare ROS scavenging properties of UA (FShaped dose=tesponse curve; [32]). Loss of XOR expression in the
maost agoressive cancer cells Jso contribures to tumor cell proliferation, migration, and survival. In cells showing high level X0OR expeession, XOR
modulates COX-2 and MMP expression reducng migratory acthaty [136] However, loss of XOR expression in cancer cells increases COX-2 levels,
MMP expression, and migratory activity. Loss of XOR expresson may artse for many reasons, inchuding the entry of UA o cancer cells Import of
UA into XOR deficient cancer cells may further promote proliferation and survival in part by stimulating expeession of COX-2. The diminished XOR
expression found In aggressive cancer oells would resuk In shunting the XOR substrates hypoxanthine and xanthine into the sahage pathway,
providing substranes for nuckeonide synthesis, tumaor growth, and praliferation. The independere effects of leptin on cancer cells notwithatanding
{85113] the clevased levels of leptin observed In MetS associated cancer may also drive these processes both by Inducing hyperuricermia and by
down regulaxing cancer cell XOR



Comorbidities and their association with hyperuricemia and gout

Discase' ™15 g5 3 slower development of multiples sclerosis™ and Huntington's
disease has been reported. Data on the subject is still scarce.™

Comaorbidity Evidence on assoctation and causality Evidence on impact of urate theraples

Hypertension Several population studies have proven an independent association between 31 and Small-sampled conirolled studies have shown BP reduction with ULT
development of hypertension 3 in young individuals’™* and adults ® However, evidence to
SU plays a key role in the initial stages of the development of hypertension 217 recommend use of ULT is still not conclusive. 0

Corotiary heart disease Although still not conclusive, evidence shows a small but significant inereased risk of Trials on the wse of allopurino] and anging exist, although evidence on
CHD in individuals with hyperuricemia, "™ and patients with gout. ™ CHD incidence and prognosis is still lacking.

Congestive heart failire Although a constant association with increased incidence™ ™ and mortality, 50! Small trials showing improvement in myocardial function and ejection
causality is siill in debate since hyperuricemia may just reflect increased xanthine fraction with allopurinol suggest benefits secondary 1o xanthine-
oxidase activity 6 oxidase inhibition rather than SU loweriag #7071

Srroke Associations with cerebral ischemia, 7 increased incidence of stroke™ and poorer Trials using ULT have shown conflicting results in subclinical
prognosis in stroke patients have been reported. ™™ However causality is still not clear, | parameters.™™

Chronile kidney disease Experimental evidence on crystal-independent renal injury models™* have supported Interventional studies with allopurinol have shown improvement in
epidemiological evidence for  causative role of hyperuricemia on CKD %" However, | eGFR in normal individuals™"* and a decrease in renal function
data on effects of disease progression are still not conclusive, /™! deterioration in CKD patients." ™" Diata is still scarce to generalize

recommendations for use of ULT.

Trisiulin restsniee and metaholt: Experimental data has shown a causative role for LA in the development on IR and an A role for ULT in animal models with MS has been shown, W0H47 and

syndrome association with the development of IR'!1*2 and the MS has been established. "*'%1# | ipneovement in IR was seen in one trial with CHF patients.™ Further
Associations with dyslipidemia'™ and obesity have been 1 R trials are needed.

Tipe 2 diahetes mellitus Increasing incidence in individuals with hyperuricemia has been shown, 2134155 Diata on this Elllhj-r.‘t[ is still lacking to consider further
Studies studying an association between gout and diabetes are still not conclusive, with | fecommendations,
some studies even showing an inverse relation between both, #1880, 162

Newro-degeneranive disorders An association between hyperuricemia and a decreased incidence with Parkinson's A small irial in multiple sclerosis patients showed clinical

improvements in 3 of the patients while increasing SU with inosine. '
Further trials arne nesded.

50U = urate; LA = urate; ULT = wrate-lowering therapy; CHD = coronary heart disease; eGFR = estimated plomenilar filtration rate; CED = chronic kidney disease; IR = msulin resistance; MS = metabolic
syndrome; CHF = congestive heart failure.




Jupnepaopota (;)

Yadelc evOeléelc OTL N uTtepoupLyaLpia TTaleL
ONUOVTLKO pOAo otnv avarmntuén KA cuvvoonpotntwv

ATtOO€0ELlYUEVN OUCYETION LE TNV UTIEPTAON

Yuoxetion pe ZN-2KA-AEE oAU miBavry aAAd oxL
EekaBapn

2tolela yla cuoxetion e InsRes kat petap.
ouvdpopo

2uoxetion pe avénpevo kivouvo XNN aAld —omwc¢
Kol 0TLC AAANEC cuo)eTioelg- bev elval EekaBapn n
xpnowotnta tng ULT



European Review for Medical and Pharmacological Sciences 2014; 18: 1295-1306

Is it time to revise the normal range of

serum uric acid levels?

these findings strongly suggest to carefully re-
consider the concept of “asymptomaticity” for
chronic hyperuricemia and to consequently re-
vise the normal range of serum uric acid levels.
A threshold value for serum uric acid < 6.0
mg/dL (< 360 pmol/L) should reasonably be

considered for all subjects.

Discordance between lab-defined ‘normal’
serum urate values and clinical findings

Laboratory report:
Serum urate

Value: 7.8 mg/dL
Low: 3.0 mg/dL
High: 8.0 mg/dL

FIGURE 1. Although this patient’s serum urate concentration of
7.8 mg/dL was above the solubility level for urate, it was within the
laboratory’s range of normal values (left). Nevertheless, gout was
confirmed in this patient by aspiration of a forearm tophus that
accompanied his asymptomatic intradermal tophus shown here.
Photograph reprinted from Mandell BF, Cleve Clin J Med 2002; 69:720.



* lowc og aoBeveic pe moANATAOUC TTAPAYOVTEC
kKlvduvou yio KA vooo, val TTpETEL va ELMOOTE
1o emBeTikol (va Eekvape aywyn amo
LLLKPOTEPEC TLLLEC OUPLKOU)
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