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Few things are so apt to cause a drowsy despair at a medical meeting as the
prospect of an academic discussion on...osteoarthritis. The field is so barren,
the harvest is small.

John Kent Spender, BMJ, Volume 1; 1888, 781-783

Niya rpayuata eivatl T000 LKHVA Vo TTPOKAAECOUV AIEATILOTIKN UltvnAia
OE ULQ LATPLKN) OUVAVTNON, 000 N MPOOMTIKN ULOC akadnuaikn¢ culntnoncg
otnv ooteoapdpitida. To medio gival T0oo ayovo, n cUyKouLén ival
Hpn.

Anne-Marie Malfait, ACR 2016



Mepilypappa TnC mapouvoioonc

KAnpovouwkotnta kat rteptfaAloviikoi mapayoviec otnv OA
@awadtunot tng OA

H ¢Aeypovn otnv OA

H BAAaBn Tou ynpaokovtog xovoépou

Mnxavikn dtatapayxn ko OA

MetaBoAkéc Sratapoaxec kat OA



EmidnuioAoyika otoxeia OA

* YrtoAoyiletan otL 80% Twv atopwyv nAKiog

> 75 £TWV £XOUV OKTIVOAOYLKA EVPRAHATO
OA

Symptomatic OA

" Eniong, 10-20% twv atopwv nAwkiac > 60
ETWV £Xouv cupntwpota OA (Ano autoug
10 1/3 éxouv AruLa avikavotnta Kat 1/3

rAfipn avikavotnta) Radiographic OA
* H OA ywa avdpec nAwkiac >50 etwv €ival n

SeUTEPN ONUOVILKOTEPN alLTiol avarnpiog
HETA TN otedaviaio vooo otic HMA

Osteoarthritis and Cartilage xxx (2011) 1-3



Prevalence (%)

Number of people
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BTaw  wm  we | nwm | we | €K AvOpeC) ne oAkn apOpPONMAACTIKN TOU LOXIOU Kot
Age Groups
A 4.7 ek avBpwmnot (3.0 ek yuvaikeg kot 1.7 ek avOpec)
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RESEARCH ARTICLE

KAnpovopuikotnta Ko

nepipailovroAoyrol Probability and heritability estimates on ®er

napdvovrsq otnv OA tou lO')(iOU primary osteoarthritis of the hip leading to
total hip arthroplasty: a nationwide
population based follow-up study in Danish
twins

Open Access

Heritability and Shared Enviroment

—— Heritability {95% CI)

T ovivesal Emoonoet (o6% B Zupnépacpa: H aBpolotikn enintwon tng
npwtona®ouc OA tou Loyiov ov odnyei oe THR
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Medicine

SysTEMATIC REVIEW AND META-ANALYSIS

[oPEN]

Single Nucleotide Polymorphisms and Osteoarthritis

An Overview and a Meta-Analysis

BAGH6(153117582) allele(Al-e\}
BAGG6(rs3117582) alle

_TGF-R1(rs1982073) ——=

~ANNEE L

SNPs kot OA

Neploootepol ano 50 SNPs ano
Sradopetika yovidia £xel HeyOei
va oxetifovtal pe tnv OA tou
Loxiov (23), R Touv yovaroc (20), N

KoL Twv dvo (13)

Wang T, Medicine 2016;95:e2811



Cell signalling

* GPR22-COG5®
* RBFOX1®

* TGFB1

* GDF5

* KLOTHO

* IGF1

T

Chondrocyte

Cartilage matrix |n‘t1t=.--;|r|t:,-r and calmﬁcatmn

* MGP*
« MATN3®
« ACAN
« ENPP1
« ASPN
« HFE

factor

Mechanical load

\

Inflammation

O o ©
* ALDH1AZ2®
¢ |6
s IL1R1 o ©%o
«|L1B O¢
« TNF o §
* L4 0  'Cytokine
«[[10

Monocyte

levetikn mpodLadeon
otnv OA TwV XEPWV

H unxaviki poption eival kpiolpun otnv maboyEveon
™G OA TwV XELPWV Kat EMnPeAleL tnv Brodlabeoipotnta
TWV AUENTIKWV tapoyoviwyv, tTnv GAEYHoOVA Ko TNV
anodounon tng OspéAag ovoiag. Ta yovidia nou

daivovtal oto oxfpa £€xouv cuvdeBEei pe
CUMUMTWHATIKA 1 okTivoAoykr) OA o€ peA€teg (kamoia
anoteAéopata dev avanapaxdnkav). ERK; Extracellular

signal- regulated kinase; PI3K, phosphoinositide 3-

*‘“ % kinase. Genetic associations that were identified by
genome-wide scans (the other associations were

4w identified using candidate gene approaches).

il Marshall M, Nat Rev Rheumatol. 2018 Nov;14(11):641-656



Rheumatology 2015;54:1236-1243
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Advance Access publication 7 January 2015

Original article

Improved prediction of knee osteoarthritis
progression by genetic polymorphisms: the
Arthrotest Study
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KAwwoli napayovteg ntav to puAo, n nAwkia dtayvwong, OA

oto aAAo yovato kot OA o AAAEG apOpwWOELS

Mpoyvwon tng e€€AEnc tng OA Tou yovatoc
ocuvéualovtac KALVIKOUC TapAYOVTEC Kol
yovidLtakou¢ moAupopdpLopoug

Ot yevetikoi mapayovteg (SNPs) ko ot kKAwvikol
deikteg oxetilovtol GNUAVTIKA HLE TNV OKTLVOAOYLKA
ermdeivwon tng OA tou yovartog

Ou yevetikoi moAupopdiopoi mpoBAEnNouV tnv
oktivoloyikn e€€EALEN tng OA e MeEPLOOOTEPN
oKpifeLa ano tig KAWLIKEG HETABANTEG

O ouvéuaouog twv Vo anodépel uPnAn akpifeia

otnv npoyvwon tng e€€AEnc (AUC = 0.82)

Blanco FJ, Rheumatology 2015;54:1236-1243



OA prevalence

High levels of High BMI
physical inactivity \
Obesogenic diet Chronic
* Processed foods metaflammation

* High in sugar
e High in saturated fat
* Low in fibre

common

g/

( |

High levels of Low BMI
physical activity

Metaflammation

Traditional diet uncommon

* Low in sugar

* Low in saturated fat
* High in fibre

Modern
e
environment koL OA

- Age

Berenbaum F, Nat Rev Rheumatol. 2018 Nov;14(11):674-681



2uyxpovn diatpodn kou OA

H 6nAntnpuwdng 6pdaon tng ovyxpovng
Statpodng otnv OA Eekiva and tnv pala
CWHATOG Kat To avénpévo Aimog ov odnyei

J L o€ avénuéva poptia, yvwoto napdyovia
ywa OA. ErumAéov, peydAn avénon
[ 1 Oeppidwv, xapnAn avaloyia ¢poutwv Kat
Intestinal dysbiosis Aaxavikwy, kot UPnAS KAaopao wueya -6

Metabolic syndrome and permeability npo¢ -3 Aumapwv oféwv, Ta onoia sivo

XOPOKTNPLOTLKA TG cUYXPoVvAG dtatpodng,

Hypertension Insulin resistance  Lipid Intestinal Adipokines Joint

and increased abnormalities  metabolites cause systemic  overload CUMHUETEXOUV OTNV AUENON TNG EVTIEPLKAG
risk of type 2 cause systemic  inflammation duoBiwong ko Stanepatotnrag. AuTEG oL
diabetes inflammation EVTEPLKEC HETOPOAEC UEAVOUV TRV XaUnAoU
BaOuol pAeypovn, pa BloAoykn
arnavtnon nov £xeL OewpnOei otL Sieyeipel
{ } TNV EVEPYOMOLINON TWV KUTTAPWV TNG
Subchondral * Matrix stiffness Activation of joint * Tissue tear apBpwang otnv OA. H olyxpovn Slatpodn
bone ischaemia * Muscle weakness and muscle cells and shear glval n kUpLa attia tou petafoAikov
* Altered * Activation of  gyv§popou, To onoio mepAapPavet Tnv
pFOpFIDCEptIOH innate immune ) v ’
« Subchondral e UNEPTAON, TNV AVTLOTAOGN 0TNV WWGOUALVN
bone loss Kot Sratapox€G Twv Autdiwv. Kabe
na@oAoyia oo aUTEG UIopEl va €XEL
k | EUECA ONMUAVTLKO pOAO othv aBoyEveon
> ™G OA, péow SnAntnpwwdoucg dpdcng otoug
N g b LoToUC.

Berenbaum F, Nat Rev Rheumatol. 2018 Nov;14(11):674-681



Obesity-induced abnormal joint loading

|

Activation of innate
immune responses
in joint tissues

Local low-grade
inflammation
Early post-
traumatic OA

Local low-grade
inflammation

Joint trauma through
abnormal loading of

joint tissues

[

o

[y -

Positive energy balance

R

Activation of innate
immune responses
in metabolic tissues

—

Systemic low-grade
inflammation

Early metabolic
syndrome-associated OA

)

Systemic low-grade
inflammation

MnxowvodAeyuovn
gvavtl
HETAPAEYHOVAC

Téoo n OA 600 Ko n moxvoapkio EEKtvouv
HLE EvEpyoOTOinoNn ToU £€UPUTOU CUCTAHATOG
ovootlag, n omoia EEKLVA LE TOTULK)
SlEyepon Twv apOpLlkwv Sopwv ou
avayvwpilouv diatapaxn ¢optiong, N ano
£VOL CUOTNMOTLKO EPEOLOUO Ao Tov Amwén
Lot0. ALEyepon NG ENUTNC AVOCLOKNAG
onavtnong Unopei va mpokaAéoel SVo
TUTOUG XaNANG PAEYLOVIG,
pnxavodAeypovi kat petadpAeypovny. H
XapnAoU Baduov pAeypovi e€aocOevel Toug
apOpLkoUG LoToUG, Kol AVEAVEL TV
euntdBeLd toug os BAAPEeG amo emakoAouvOn
pnxovikn ¢option Kat tnv Evapén tng OA.

Berenbaum F, Nat Rev Rheumatol. 2018 Nov;14(11):674-681



Inflammatory OA

Bone-driven OA

@oawvotumot tnc OA

Cartilage-driven
OA

Traumatic/acute
OA

H OA &ivau pa etepoyevic madnon pe
TOKIALa TTt00PUCLOAOYIKWV HNXAVIGHWV
Ttov 0dnyouv og moAAanAoug patvotunoug,
oL omtoiol puropei va aAAnAenikaAvntovro
otouc acBeveic. Kabe pawvotunog punopet
va OepanevBei dradopetikd, odnywvtag o
TaélvOpNoN Kat ovATTuEn EEOTOULKEVUEVNC

LOLTPLKAG yLa TouG acBeveic pe OA.

Mobasheri A, Osteoarthritis Cartilage. 2017;25(2):199-208
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* Meniscus and ligament
injuries
* Intra-articular fractures

* Obesity
¢ Type 2 diabetes mellitus

NMaBoducioloyia
tn¢ OA

¢ Shear stress and * Diet might shape the gut
compression microbiome

* Induces inflammatory * Microbial dysbiosis
mediators (e.g. NOS, * Changes in intestinal
IL-6 and IL-8) permeability

* Metabolic endotoxaemia
(systemic LPS) correlates
with activated synovial
macrophages

Sanchez-Lopez E, Nat Rev Rheumatol. 2022;18(5):258-275



OA: n MPWLN VOGOG

To npwipo otaddio tng OA Eekva pe
OLWTNA£EC KOl QLOUUTTTWLOLTLKEC METABOAEC
ILLNESS o ,
I o€ HopLaKO enimedo. O dLatapoyEC oto

HOPLOKO eMinedo nponyouvtol Twv

Inflammation

OLVOLTO LKWV KOl AELTOUPYLKWV EKONAWOEWV

yla £€tn ] akOpn Kot dekaetiec. Auto

MOLECULAR

| SNULoUpYEL TNV avAyKn yLa aviXvevon tng
DISEASE

nadnonc Eykapa Kat EPECH VEWV

%
4 %
ANATOMIC OO PHYSIOLOGIC )
DISEASE DISEASE SLéyvwon.

Blodektwy, mov va Bondolv oe mpwiun

Mobasheri A, Osteoarthritis Cartilage. 2017;25(2):199-208



ﬁ”’ Evapén g OA

/
%f* Triggering factors (for example, major trauma, repetitive minor trauma,
£ o inflammation, infection or altered biomechanics), patient profile (including
Q Patient C//K characteristics such as sex, genetics, age, anatomy and history) and
T j comorbidities (such as metabolic syndrome, obesity or diabetes mellitus)

unit, synovium, meniscus, infrapatellar pad and ligaments, resulting in

activation of specific molecular cascades that lead to catabolic and

anabolic events. Catabolic events include inflammation induced by several
mediators such as damage- associated molecular patterns (DAMPs) and
pathogen- associated molecular patterns (PAMPs); matrix degradation by
matrix metalloproteinases (MMPs) and a disintegrin and metalloproteinase
with thrombospondin motifs 5 (ADAMTS5); activation of the innate

Triggers |
O\\f dw interact to affect all joint tissues in the knee, including the osteochondral

Anabolic events

Angiogenesis Latabolic events immune system mediated by macrophages, Toll- like receptors and
Infl ti . . . .
Matrix synthesis AHETEHen complement activation; metabolic reprogramming; and senescence.
, : Matrix degradation . . . . .
Cellular proliferation - Enhanced anabolism is mediated through the activation of mostly

Apoptosis, senescence

developmental pathways, such as transforming growth factor 8 (TGF$)-
bone morphogenetic protein (BMP) and fibroblast growth factor 2 (FGF2)
signalling. When anabolic events are successful, joint homeostasis is
restored; when catabolism is overwhelming, the disease process becomes
chronic and probably irreversible

Innate immune system

Metabolic reprogramming

Mahmoudian A, Nat Rev Rheumatol. 2021;17(10):621-632



Inflamed peri-articular fat Naboducioroyia OA-

C%%) Nepilypappa

Ligament damage / Synovitis
\ Proinflammatory mediators / l
and matrix degrading Bone

growth

enzymes
zy I \ factors

*__Meniscal damage l

Osteophyte

Articular cartilage degradatior

Calcified cartilage atve

Vascular invasion Bone-derived

gza | mediators

Subchondral bone remodeling %(

Bone marrow lesions
Katz JN, JAMA 2021;325(6):568-578




Moo €ival To KUPLo onpeio TS apBpknc BAaBnc otnv OA;

H apOBpwon ouvtiBeton anod ootouv,
XOVO PO Kat UPEVA, HNVIOKO Kot
ouvdéopouc. KaBe ocuotatiko £xeL
Stadopetikn maboloyia kat nopeia nov
kaBopiletal ano dtadopeTkoUc TUTIOUG
Kuttapwv. Mua Ogpaneia eival SUokoAo
va gival anmoteAeopatikKg O€ OAa T
otoeia tng ApBpwong

Znuoavtiki SuokoAia otnv Oepaneia anoteAel To yeyovog OTL n
voooc¢ eival oUVOEeTn, £xeL dtadopeTikouc patvoTumoug Kat
Stadopetikolg puOOUG EEEALENG KoL EMOMEVWC ATTOLTEL
eatolkeVEVN Kal Bava cuvduaotiki Osparneia

S

M.A. Karsdal et al, Osteoarthritis and Cartilage 24 (2016) 2013-2021



Subchondral
bone

Cartilage

Ligaments
Capsule
Synovium
Joint fluid

Menisci

Muscle
atrophy

and sclerosis

Cartilage
breaking down
Ligament
dysfunction
Synovial
hypertrophy

Osteophytes

Meniscal
damage

Bone remodeling

MoAvnapayovtiki
apOpkn BAABN

SharmalL, N Engl J Med 2021;384:51-9



Aktwvoloyikn €€AEn tnc OA tou yovatocg

Grade 0 . Gradé'1 ; Grade 2

gL 4

H kAipaka Kellgren—Lawrence (KL)
glvauw n mAéov ocuyxva
XPNOLLLOTTOLOUMEVN GTNV
oktivoAoytkn €€€ALEN tng OA tou
yovartog

Jang S, Int J Mol Sci. 2021;22(5):2619



H BAaBn tou xOvépou Kol TOU 06TOU GTNV
OA



Normal Healthy
Joint

remodelling

Focal Cartilage
Damage

Formation of osteophytes

Articular cartilage
degradation

Synovial
inflammation
(synovitis)

Meniscal degradation

Subchondral bone

and sclerosis

Loss of muscle mass
and strength (sarcopenia)

Osteoarthritic
Joint

OocteoapBpitida: n BAGBN oto xovopo

ZXNHaTkA mapaotoaon tng dopkn¢ BAABNG otnv OA ko
oUyKpLon UYELOUC apBpwong, apOpwong e EoTLAKA
BAaBn tou xovépou kat ooteoapBpikng apOpwong.

A. Aopkég aAAayEég otnv OA nieptAappavouv
arnodounon tov apOpikol Xovdpou Kat
OLVOLKOLTOLOKEU ] TOU UTTOXOVSpLOU 00TOoU.

B. H g€€ALEn Twv dopkwv BAaBwv and ¢puaciodoyiki
apBpwon o ooteoapOpikn, paivetal va EeKva ano

£0TLOKN Kataotpodr Tou Xovdpou.

Zheng L, Ageing Res Rev. 2021;66:101249



O apOpLkoc xovopoc

Superficial zone
(10%—20%)

/
/
/

// Middle zone
Synovium / (40%—60%)

/

\ \Fomur / J/

/
Joint cavity /
(Synovial ﬂuldN % ,/
Articular ﬂ
cartilage Tibia \
\
\\ Deep zone
\ (30%—40%)
\
\
. = \
Knee joint
\ Tidemark

Li, Y.; Molecules 2021, 26, 6122

Calcified cartilage

Subchondral bone

Articular cartilage surface




|oTOAOYLKA XOPOKTNPLOTLKA TOU UYELOUC Kot OAKoU xovdpou

Proinflammatory cytokines (IL-1B, IL-6,
TNF-a)

Metabolites (SFAs, n-6 PUFAs, AGEs)
NO

Chemokines

RSPO2

A. Healthy B. OA

Chondrocyte

' Inflammatory
mediators
Synovial fluid

Synovial fluid

Superficial zone | (o)
T
10% - 20% Apoptotic chondrocyte
Middle zone Hypertrophic chondrocyte
40% - 60% (o)
(e
(@) .
() ¥ MMP-1, MMP-13, (o)
Deep zone ) ADAMTS-4, ADAMTS-5
30% - 40%

Cartilage erosion
Tidemark

Calcified cartilage Fissurallesion

Subchondral bone Sclerotic bone formation

[ S p—

A. Zwveg TOu VYELOUG XOVSpou Kat xovdpokuttapa. H Taon tov 0§uyovou HELWVETAL oo 6% otnv eMNOANG o€ 1% otnv v tw BaBdeL {wvn, Ko Ta

SLaTtpo LKA OTOLXELO TWV XOVEPOKUTTAPWVY SLaxEovTal 6To XOVOPOo aro To apOpko uypo. B. OL OXLOMEG KAl OL SLaBpwWOEL TOU XOVEPOU Eival ONHAVTILKA
otolxeia OA. Ta xovépokUTTapa oTov 00TEOPOPLKO XOVEpo udiotavtal otpodr o€ UNEPTPOPLKO PaLvOTUTIO KoL AIOTTTWOT). Ot PAEYHOVWEELS
Slapecolapntéc cupHETEXOUV otV tadoyEveon tng OA suodwvovtag Tov KataBoAlopo touv xovépou. SFAs: saturated fatty acid, n-6 PUFAs: s-6

polyunsaturated fatty acids; AGEs: Advanced glycation end product; NO: nitric oxide; RSPO2: R-spondin-2.
Zheng L, Ageing Res Rev. 2021 Mar;66:101249



Healthy cartilage Osteocarthritic cartilage

Superficial [
Ione 7 7
o oa = e O apOpikoc xovdépoc otnv OA
f | Collagen fibrils, aggrecen, hyaluronen
odle : @ Syt The structure of articular cartilage can be divided into three distinct zones moving from the articular
' Senezcence-azzociated surface towards the bone (superficial, middle and deep), followed by the calcified cartilage. Each zone
i RO exhibits a characteristic extracellular matrix (ECM) composition and organization that reflect the forces
i | experienced. Chondrocytes and type Il collagen fibres are orientated transversely in the superficial zone,
88 enabling the dispersion of shear forces during articulation. The presence of lubricin within this zone
Diesp iy - Tidemark further facilitates lubrication of the joint. In the middle zone, type Il collagen fibres resist compressive
_ ' B ‘duplication and shear forces from a number of directions, as exemplified by the random arrangement of the fibres. By
S:,'f,ﬁ; | ¢ Q contrast, thick collagen fibres arranged perpendicular to the articulating joint surface in the deep zone
[ sty resist compressive loads and high concentrations of proteoglycan in this zone enable water retention. The
ihchondet ECM in which chondrocytes reside also differs in composition and structure and can be divided into three
regions moving from the chondrocyte outwards; the pericellular matrix (PCM), territorial matrix and the

L interterritorial matrix. The PCM, characterized by the presence of type VI collagen, surrounds the

S kel i chondrocyte and influences chondrocyte mechanotransduction.

Superficial zone
Interterritorial matrix  Territorial matrix Pericellular matrix —! Tvne i
Y - o B s
B L@ 8| collagen - _—Fibrillation
) ‘? ﬂo 5 ‘__D“j,:' Interterritorial matrix  Terri bori al matrix Pericellular mat rix Y [;id_
Fibronectin e e Siohcse TR | Chondrocvte
{ntegrin i and bricin - ek
. E H_Hl n% » _ —— oluskaring
3 % - Middle zone
Interterritorial _ -f‘ % ,
Tmatrix ¢ 2
Rericellular & F 4 (
- matrix Type | L % f :
FTerritorial collagen ZF % WL L peeeeeeeeo
matrix HHyper trogp hic
= chondrocyte
Type 751 r
coll agen D&p Toane
Type VI —Hypertrophic .-rf
collagen biglycan chondrocyte M
| Tvoe X Tid emark
Cmgeﬂ b\ L duplifﬁtiﬁﬁ
I X COMP  ~— Type IXcollagen Vazoular

Hodgkinson T, Nat Rev Rheumatol. 2022 Feb;18(2):67-84

Invasion



Mnyxovika ¢optia, Suvapelg dSatpunonc Ko xovépokuttapa

Shear stress
>

Shear stress activates o L5 WL
Rac-1 and Cdc42 o< % -
2004 Cdc42

S5 Rac-1

Chondrocyte ' < g | Matrix
- 4 dagradation

Phase 2 and

= antioxidative proteins /"’ﬁ> Apo ptosis
& Caspase-9
7 Po. W .

Mitochondrion

Y{PnAo otpeg Statunong evepyornolei to Rac-1/Cdc42,
10 omnoio evepyonotei to MKK7 mou puBuileL tnv
evepyonoinon tng JNK2, kot otn ocuveéxela, Sleyeipel
v dwodopuliwon tng c-Jun, MOV ENMAYEL TNV
unepékdpaon Cox-2. H Cox-2 KataoTEAAEL TV dpdon
tou P13-K, mou kataotéAAeL to Nrf-2 wote va
eAATTWOEL N AVTL-0EELOWTIKA LKAVOTNTA, KL ETUTPETEL
Slaomaon TnG aKEPALOTNTAG TOU pLtoxovdpiov,
gvepyonoinon tng KoLoTtaong-9, Kol Amontwon twv
Xxovdpokuttapwv. H ékppaon tng Cox-2 dieyeipel thv
ékdppaon tng PGE2, kaBwg KoL TNV TAUTOXPOVN
€kdpaon tov untodoxea EP2, kal oov AmoTEAECHA TNV
taxeia oUvOeon IL-1b. EmutAéov, anoppuOuLon Tou
TLR4 Aoyw tou uPnAol oTpeC SLATUNONG EVEPYOTIOLEL
ta povortatia ERK1/2, P13-K kot JNK, Ta omoia emiong
gvepyornolouvtal ano tnv IL-1b, kot emopeva puOuilel
v e€aptwpevn oo tov NF-kB ouvOeon IL-6 kaw MMP.

Li, Y.; Molecules 2021, 26, 6122



Mnyxaviopoi pAeypovnc otnv OA

- LPS TNFa

AN
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TARGET GENE
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| CARTILAGE DESTRUCTION
SUBCHONDRAL SCLEROSIS /
| INFLAMMATION

OSTEOPHYTES Kumavat R, Mediators Inflamm. 2021:5574582
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—FGFR
HFGF

* Cell survival
* Cell cycle regulation
* Cell growth

* Cell migration
* Anabolic and/or catabolic processes
NN/,

Nucleus

Kuttapikoil avéntikoi mopAayovTec
otov apOpLko xovépo

Upon deformation, growth factors sequestered in the extracellular
matrix, including fibroblast growth factor (FGF), bone morphogenetic
protein (BMP) and transforming growth factor- B (TGFB) activate cell
surface receptors. FGF binds to FGF receptors (FGFRs), causing
phospholipase Cy (PLCy) to be recruited to the kinase domains of FGFRs
and activated and, in turn, to stimulate protein kinase C (PKC) activity
and downstream activation of mitogen- activated protein kinases
(MAPKs). FGFR ligand binding also activates growth factor receptor-
bound protein 2 (GRB2) through FGFR substrate 2 (FRS2), which
activates RAS, resulting in the activation of extracellular- signal-
regulated kinase 1 (ERK1) and ERK2. ERK1 and ERK2 translocate to the
nucleus and affect the activity of numerous transcription factors. FGFR
signalling via GRB2 also triggers the phosphoinositide 3- kinase (PI3K)-
protein kinase B (AKT) pathway. BMPs and TGF bind to cell surface
heterodimer BMP receptors (BMPRs) and TGF receptors (TGFRs). In the
SMAD signalling pathway, either SMADs 1, 5 or 8 (for BMPRs) or SMADs
2 or 3 (for TGFRs) are phosphorylated and activated upon ligand-
receptor binding, recruiting SMAD4 and translocating to the nucleus to
affect transcription. Non- SMAD signalling pathways are activated
through TGFB activated kinase (TAK1), which can activate c- Jun amino
terminal kinase (JNK), p38 MAPK and NF- kB. Activation of these
pathways results in context- dependent expression of genes associated
with anabolic and/or catabolic chondrocyte processes, as well those
controlling chondrocyte hypertrophy. HS, heparan sulfate

Hodgkinson T, Nat Rev Rheumatol. 2022 Feb;18(2):67-84
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| Osteoarthritis ] m TG F_ B3

Aberrant bone remodeling

Subcia btne sclomesls MSC!; \\ In healthy articular cartilage, low concentrations
\ \ \ of TGF-33 promote metabolic balance through
Synovitis | / Z "-._\\ \ TGF-B3 . the Smad2/3 path\A{ay. Chondrocyte. autophagy
Synovia;l;i i ;/ l x \ \ (low ooncentratlon) | .also pIays. a protective role. TGF-B3 is a!sP
B \\)\ ; _\ | \. \ S involved in many aspects of osteoarthritis (OA)
Catabolic factorsﬂ [ S —— pathology mediated through the Smad1/5/8
(IL-1, MMP13, pathway.
MMES. M High concentrations of TGF-B3 in osteoarthritic
Osteophyll ! joints induce the production of catabolic factors
' and chondrocyte hypertrophy, ultimately
TGF-B3 resulting in cartilage matrix degradation,
(High concentration) osteophyte formation, and synovial fibrosis. In
Smad41'15I8 addition, high levels of TGF-B3 upregulate the
expression of Runt-related transcription factor 2
Chondrocy_t"é",é' (Runx2) via the Smad1/5/8 pathway, leading to
apoptosis — aberrant bone remodeling and further
, ; Cartilagemh%r:l?eostasb.f. subchondral bone sclerosis. In addition,
Carlies hipemphy Lo . chondrocyte switching from autophagy to
Cartilage degeneration apoptosis has been implicated in OA progression.

Du X, Bone Res. 2023;11(1):2
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Fibroblast growth factor signalling
in osteoarthritis and cartilage repair

a | In an osteoarthritic joint, the expression of fibroblast growth
factors (FGFs) and FGF receptors (FGFRs) in different tissues is altered
compared with that in a healthy joint. b | FGF signalling pathways
can be modulated in several ways as potential therapies for
osteoarthritis (OA). FGFR1 triggers upregulation of aggrecanases and
matrix metalloproteinases (MMPs), promotes extracellular matrix
(ECM) degeneration and inhibits the anabolic activities of articular
cartilage. FGFR3 exerts a cartilage- protective effect, mainly through
the inhibition of hypertrophy and pro- inflammatory mediators and
the promotion of ECM synthesis. FGFR1 antagonists and FGFR3
agonists are promising future therapeutic strategies for OA.
Dysregulated FGF signalling in the synovium might alter the balance
of cartilage matrix degradation and composition, and such cartilage
alteration could, in turn, amplify synovial inflammation.

CXCR7 , CXC- chemokine receptor 7; IHH, Indian hedgehog; PGE?2,
prostaglandin E2.

Xie Y, Nat Rev Rheumatol. 2020 Oct;16(10):547-564
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Vessel/Nerve erosion
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Late-stage OA joint

OA, CUMMETOXN AYYELOLKOU
KoL VEUPLKOU LoTOoU

O wpLpog vy xovdpog (ap) dev €xeL ayyeia ko
veupa. To xovdpokuttapo eivatl o povog TUToG
KUTTAPOU Kol Statnpel TNV Looppomia oTo BLo-pnxoviko
nepBailov. Ta pakpoddya otov uylq UpEva €ival
adpavn. Opwg, otnv mpwiun OA, Ta xovdépokuttapa
yivovtai unteptpodikd Kat EKKPIVOUV KATOBOALKEG
KUTTOPOKIVEG, L€ AOTEAECA ATOSOUNG TOU
XOv&pou. Ev0oOnALakda KUTTOPO LETOLVAGTEUOUV TTPOG
TLG KOTABOALKEG KUTTOPOKIVEG, ETUTPETMOVTAG VEO-
ayyeiwon. To unoxovdplo ootolv npocsBAarAetal
Snuovpywvtag BAABEG TUMOU 00TIKOU OLEALATOG TOU
pueAov. Evepyomownuéva pakpodaya GUUHETEXOUV
otnv €€€AEN tng OA. Z€ TEAKO OTASLO E MPOOSEVTIKN
Kotaotpodr Tou XOvEpou To UTtoXOVSPLO 00TLKO MAATO
yivetau mayutepo. H elofoAn apodpopwv ayyeiwv
auéavel tnv nieon o§uyovou MoV EMLSEVWVEL TNV
BAABn tou xovépou Ko SnpLoupyel KUKAO avadpacng
HE tPOKANGN N avactpePung ekpuAiong.

Pei YA, Cell Mol Life Sci. 2022;79(1):71
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SASP
factors

Age-related stress
* Mitochondrial dysfunction

* Excessive mechanical loading H Vﬁpavon tou X6V6pou Kal.

* Replicative senescence

* Oxidative stress
&. DNA damage rl OA

N .J

MoAAanAd otpeg oxeT{OpeVA LE TNV NAKIA EMLpEPOUV TNV

: Ecl'mere clrsfunctiﬂﬂ ékppaon Selktwv yRpavong ota apbpika kuttopa. Autd ta
. neterochromatin ’ , ’ ’
7 G kUtTapa rapouvotdiouv pawvétuno yipavong Kot

ijJ[ P21 [ pH’J EKKPLVOUV TapayovTeC (XUHOKIVES, KUTTOPOKIVEC,

TIPWTEACEG Kol aAVENTLKOUG MAPAYOVTEG), TTou Spouv
SASP avefaptnta [ pali, yia va erdyouv Tig aAAayEG Tou
‘ Chondrocyte | Slarmotwvovtat 6toug octeoapOpikoug Lotous. ADAMTS, a

disintegrin and metalloproteinase with thrombospondin

Changes
in tissues

Chemokines Cytokines Proteases Growth factors er . _ . . .
CCLa. cCLA, IL L6 17,118 | | MMP1. MMP3, [TC.FB, CEBP J motifs; CCL, CC- chemokine ligand; ECM, extracellular
GROw OSM, GM-CSF, MMP10, MMP13, matrix; GM- CSF, granulocyte—-macrophage colony-
TNF ADAMTS5, ADAMTS7 . . .
/ \ stimulating factor; GRO, growth- regulated alpha protein;

,e\ l l IGFBP, insulin- like growth factor binding protein; MMP,

* Macrophage * RO5 generation ( - Matrix remodelling [ Bone growth matrix metalloproteinase; OA, osteoarthritis; OSM,
recruitment * DNA damage * ECM degradation * Osteophyte tatin M: ROS ti ies: SA

* Inflammation * Growth arrest ' Cartilage loss formation oncostatin Ivi; ,» Feactive oxygen species;

* Pain 'i*IU_bﬁhﬂ_ﬂdfal heterochromatin, senescence-associated heterochromatin;
thickenin
L J E TGFpB, transforming growth factor- 3; senescence-
associated secretory phenotype (SASP)

Coryell PR, Nat Rev Rheumatol. 2021;17(1):47-57
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Senescence
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H yfipavon touv xovépou Kot

n OA

Ta ynpaopéva XovopoKUTTOPA KAl TAL UMEVLKA
KUtTapa napovoldlovv ducAsltoupyia Twv
pitoxovépiwv, kabwg kat peiwon tng
OLVTLOEELO WTLKNAG LKAVATNTAC, LECW EAATTWONG
™G SpaoTNELOTNTOC TNG KOTAAAONG KAl TNG
Sdlopoutaonc tov untepoéeldiov (SOD) kat
eAattwpévn Aettovpyia nepoépedoivng.
Aurtol ot patvatumnoL av§avouv thv nopaywyn
avtdpaotikwyv p{wv ofuyovou (ROS) kat
avtdpaotikwv pi{wv alwtov (RNS), ta onoia
gnayouv xpovia BAapn tov DNA kat avénon
™ ¢ MAPK onpatoddtnong, ta onoia pova
TOUG | o€ ouvduaouo eltayouv ynpavon. H
yneavon amné Hovn tng nPoKaAel mEPALTEPW
pitoxovéplakn BAABn, Snulovpywvrag Oetikn
avadpaon.

Coryell PR, Nat Rev Rheumatol. 2021;17(1):47-57
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Coryell PR, Nat Rev Rheumatol. 2021;17(1):47-57

H yfipavon tTwv KuTtapwv

Cytokines such as IL-6 promote senescence via the
transcription factor STAT3, and IL-1 can induce NFkB- driven
expression of genes encoding senescence- associated secretory
phenotype (SASP) factors. Senescent joint cells are
characterized by increased oxidative stress (owing to the
generation of reactive oxidative species (ROS) and reactive
nitrogen species (RNS)), DNA damage, increased expression of
urokinase- type plasminogen activator surface receptor (uPAR),
and upregulation of stress proteins such as p38, c- Jun N-
terminal kinase (JNK) and mTOR. p38 induces senescence and
the expression of p16, while JNK negatively regulates
senescence in cells in joint tissue. mTOR and p38 promote the
SASP by upregulating the translation of (mTOR) and
phosphorylating (p38) MK2 (also known as MAPKAPK2), which
stabilizes mRNA transcripts encoding SASP factors. SASP
factors (including IL-1 and IL-6) and senescence- inducing
extracellular vesicles are secreted by these cells into the
extracellular matrix, promoting macrophage recruitment to,
and driving further senescence in, the surrounding joint tissue.
Senolytic drugs aim to prevent senescence- associated disease
by inducing apoptosis specifically in senescent cells via the
upregulation of p53, caspases and other proteins in death-
associated pathways, while repressing pathways associated
with cell survival (for example, pathways involving MDM2,
BCL2 and PI3K). Senomorphic drugs do not kill senescent cells,
but repress the SASP by inhibiting the activity of proteins
related to inflammation, such as mTOR, or by directly
inhibiting the activity or production of SASP factors such as IL-6
and TNF.
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Loeser, R. F. et. al. (2016) Nat. Rev. Rheumatol.



Mitochondrion

[ ]

\

Apoptosis T

Catabolism

p—
Mitochondrial O Damage ROSproduction  ROSscavenging
matrix " ST, ( +)
..... N
M
2 02 ,,?'\\J
NADH NAD+ t ooF e
o 2H+ ATP synthase o
\/ |/ 2H+ -
.: ," ! v
4;-l+ 02:- P 4;_“ s Intermembrane
space
@ >
phagy
f .
= >

OA: AucAsttoupyia ota
HLTOXOVOpLA TWV
XOVOPOKUTTAPWV

AuoAsitoupyia Twv ptoxovdpiwv ko
nopaywyn ROS og xovdpokittapa
orto ooteoPOPLTIKO XOVSpO.

P avAog KUKAOG HETOEL TTApAYWYNG
ROS ko kataotpodrg tov mtDNA,
KolOwg Kol dratapaxn tng
Loopporiag LetaL tng
untepriopaywyng ROS kat tng dpaong
«kaBaplopou» twv ROS.

Zheng L, Ageing Res Rev. 2021 Mar;66:101249
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Autophagy Activation and Protection From
Mitochondrial Dysfunction in Human Chondrocytes

H avtodayia gival povomndati-kAeLdi yia tnv
KUTTOPLKI OpLOLOOTOCLOL LECW TNG ATTOUAKPUVONG
KOTECTPOLUUEVWV HOKPOMOPLWV Kot opyavuliwv,
ocuuneptlappavovroag ta prtoxovépia. H
avtodayia eivat SUCAeLToupyLK oTNV HEYAAN
nAwia Kat tnv ooteoapBpitida cuvelopEpovtag
OTOV KUTTAPLKO OAvVaTO KAl TNV LOTIKN
kataotpodny. EmumAéov n SucAettoupyia Twv
HLTOXOVOPLlwV CUMUETEXEL oTNV MaBoyEvean TG
OA

DaPHAKEVTIKEG TIOPEUPACELG TTOU EVIGXUOUV THV
avtodayio pHnopei va €xouv
XOVOPOMPOCTATEVUTLKEG LBLATNTEG 0TV OA

Avtodayia otnv OA

Mitochondrial Respiratory Chain | Oligomycin

/ Complex V

Reactive Oxygen Species

Overproduction
Mitochondrial mTOR dependent
Dysfunction autophagy induction ——— Chondrocyte Death
(Rapamycin/Torin 1)

|

Defective Autophagy - Impaired Chondrocyte Function

Lopez de Figueroa P, Arthritis Rheumatol. 2015;67:966-76



* Collagen network damage

i AradpopeTiKA LeTABOALKA
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phenotype

* Systemic inflammatory response * Inflammaging

* Lipotoxicity and AGEs Metabolic Inflarimation Ageing * Chondrosenescence
* Alteration of cellular metabolism phenotype phenotype * Mitochondrial biogenesis!

* Hereditary susceptibility * Increased apoptosis

* Decreased autophagy

Inflammatory
phenotype

* Elevated inflammatory mediators
* Enhanced inflammatory response
* Mitochondrial dysfunction

* Excessive ROS production Zheng L, Ageing Res Rev. 2021 Mar;66:101249



Xovdpoc ko ooteodputo

Venous portal circulation

Horizontal fissuring

‘\ Synovitis * in OA obese patients
: * Between erosion cartilage and
Synovitis-induced venous : J subchondral bone
portal circulation i * A unit of BMI (1kg/m?) weight
* crosstalk of synovium and / " increase will increase the odds of
subchondral bone " | horizontal fissures by 14.7%

A. Synovitis-induced venous portal circulation.
B. Horizontal fissures in obese OA patients.

C. Cell derivation of osteophyte formation.

Osteophytes’ cellular derivation

Pdgf-ra platelet-derived growth factor receptor A;

* Pdgfra+ stem/progenitor cells in periosteum and synovium
(descendants from the GdfS-expressing embryonic joint interzone); Gdf5 grOWth differentiation factor 5; Prg4

* Sox3-expressing progenitors in periosteum supplied hybrid skeletal proteoglycan 4, i.e., lubricin.
cells to the early osteophyte

* Prgd-expressing progenitors from synovial lining contributed to

cartilage capping of the osteophyte, but not to bone
Y. Jiang, Osteoarthritis and Cartilage 30 (2022) 207e215
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NaBoduoioAoyia OA: AOTITAVWOELC GTO MNVIGKO KOl ToV XOvopo

Prevalence of Calcified Meniscal Cartilage in Elderly Persons
N Engl J Med 1965; 272:1093-1097

Pathological calcification of cartilage is a hallmark of
osteoarthritis (OA). Calcification can be observed
both at the cartilage surface and in its deeper layers.
The formation of calcium-containing crystals,
typically basic calcium phosphate (BCP) and calcium
pyrophosphate dihydrate (CPP) crystals, is an active,
highly regulated and complex biological process that
is initiated by chondrocytes and modified by genetic
factors, dysregulated mitophagy or apoptosis,
inflammation and the activation of specific cellular-
signalling pathways. The links between OA and BCP
deposition are stronger than those observed
between OA and CPP deposition.

Bernabei I, Nat Rev Rheumatol. 2023;19(1):10-27
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Mnxowicpol Snpiovpyiog
KpuoTtaAAwyv otnv OA

Calcium-containing crystal precursors (amorphous calcium
phosphate precursors (ACP) and amorphous calcium
pyrophosphate precursors (ACPP)) are produced by chondrocytes
via three different mechanisms: hypertrophic differentiation and
release of matrix vesicles (part a); mitochondrial autophagy and
exocytosis (part b); and apoptosis with generation of apoptotic
bodies (part c). Once released in the cartilage extracellular
matrix, these precursors can be converted into mature basic
calcium phosphate (BCP) and calcium pyrophosphate dihydrate
(CPP) crystals, which then grow, leading to pathological cartilage
calcification. AIF, apoptosisinducing factor; ANK, progressive
ankylosis protein homologue; CAD, caspaseactivated DNAse;
DIABLO, Diablo IAP-binding mitochondrial protein; ENPP1,
ectonucleotide pyrophosphatase/phosphodiesterase family
member 1; FasL, Fas ligand; HTRA2, serine protease HTRA2; Pi,
inorganic phosphate; PPi, inorganic pyrophosphate; PINK1, PTEN-
induced putative kinase protein 1; PS, phosphatidylserine; TNAP,
tissue-nonspecific alkaline phosphatase

Bernabei I, Nat Rev Rheumatol. 2023;19(1):10-27



Mnxowvicpoi dSnpovpyiac KpuotdAAwv otnv OA

Inflammation ROS, RNS :
AR 11 - ' Bone Osteopontin GRP MGP Fetuin-A
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Osteocalcin .
Modulators
— DMP
lon imbalance
[ (Ca®*, P, PP,Mg®) 1
Crystal nucleation Crystal growth
ACP ACPP BCP CPP
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steps
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1 differentiation 2 autophagy 3 (apoptic bodies) 1 crystal growth 2 crystal growth
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The cartilage calcification process consists of a crystal nucleation phase, during which amorphous calcium phosphate precursors (ACP) and amorphous
calcium pyrophosphate precursors (ACPP) are formed, and a crystal growth phase, during which basic calcium phosphate (BCP) and calcium

pyrophosphate dihydrate (CPP) crystals are generated and grow in size. Crystal nucleation occurs via three different mechanisms: hypertrophic
differentiation of chondrocytes, mitochondrial autophagy and chondrocyte apoptosis. Crystal growth starts in collagen fibrils (intrafibrillar) and continues
between collagen fibrils (extrafibrillar). Both crystal nucleation and crystal growth are modulated by different factors, including pro-inflammatory
mediators, reactive oxygen species (ROS) and reactive nitrogen species (RNS), growth factors (such as bone morphogenic proteins (BMPs)), extracellular
matrix proteins (for example, bone sialoprotein, osteocalcin, dentin matrix protein 1 (DMP1), osteopontin, matrix Gla protein (MGP) and Gla-rich protein
(GRP)), ion imbalance and circulating proteins (such as fetuin-A) Bernabei I, Nat Rev Rheumatol. 2023 Jan;19(1):10-27
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Wnts talking with the TGF-p superfamily: WISPers
about modulation of osteoarthritis

Implicated WISP1-induced joint pathologies

Fibroblast proliferation
Matrix deposition
[140, 150]

|

Skewing of TGF-B signaling
[12]

E

Osteoblast differentiation
Increased osteogenesis
[120, 121, 144)

Rheumatology key messages

To Wnt povornatt otnv OA

Monocyte adhesion
Cytokine production
[146, 147)

Cartilage degeneration
Protease production

Cytokine production
[11,13]

Osteoblast differentiation
Increased osteogenesis
[120, 121, 144, 145)

« Canonical Wnt signalling plays an active role in the development of OA pathology.

« Although providing opportunities, Wnt/TGFJ crosstalk still is too incomprehensible to serve as therapeutic target

in OA.

o Wnt-induced protein WISP1 seems important in osteoarthritic processes, providing an attractive therapeutic

target.

van den Bosch MH, Rheumatology 2016;55:1536-1547




Ap)xLKka urteptpodia Tou yovépokuttapou otnv OA
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On the left, a normal articular
chondrocyte is depicted together
with the positive stimuli that induce
chondrocyte homeostasis.
Conversely, on the right a
hypertrophic chondrocyte is shown,
including the signaling and responses
that occur during OA

Osteoarthritis and Cartilage 29 (2021) 13891398
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Joint distraction for osteoarthritis: clinical evidence and
molecular mechanisms

Fig. 1 | Different type of frames used for knee joint distraction. Four different frames that have been used in completed
or ongoing clinical studies of knee joint distraction are depicted. a| A custom articulated distraction device'*.b| The
llizarov circular frame'®. ¢| The Monotube® Triax"™ external fixation system?”. d| The KneeReviver frame™*. All type of
frames rely on comparable mechanical principles and allow movement under loading, leading to synovial pressure
changes that are considered essential for stimulating joint repair by joint distraction. Part a reprinted with permission from
REF, Elsevier. Part b republished with the permission of Slack Incorporated, from Aly et al. Arthrodiatasis for management
of knee osteoarthritis. Orthopedics 34, e338-43 (2011)"; permission conveyed through Copyright Clearance Center, Inc.
Part c reprinted with permission from REF*’, SAGE Publications. Part d, image courtesy of ArthroSave B. V.

Jansen MP, Nat Rev Rheumatol. 2022;18(1):35-46
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Overview of joint processes and molecular mechanisms during and
after joint distraction. Distraction changes the osteoarthritis (OA)-
related homeostasis in the joint. a | Joint distraction reduces
mechanical (over)load on the articular cartilage surfaces, thereby
preventing wear and tear and potentially initiating intrinsic cartilage
repair activity. Resilience in the distraction frame causes synovial fluid
pressure changes during loading and unloading of the joint, improving
the nutrition of the cartilage and stimulating the repair activities and
processes of chondrocytes. b | Joint distraction also results in
considerable peri- articular bone changes. Altered activity of bone cells
may add to release of trophic factors (hexagonal shapes) to support
cartilage repair. ¢ | Restoration of the mechanical and biochemical
environment of the joint, including the loss of the hyaluronic acid
coating (blue outline) from synovial fluid- derived mesenchymal stem
cells (SF- MSCs), might therefore provide a window of opportunity in
which joint- resident MSCs can attach to injury sites and repair tissues.

Jansen MP, Nat Rev Rheumatol. 2022;18(1):35-46
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Positive effects Negative effects

'LUBRICIN | LUBRICIN

IRISIN | IRISIN

A crucial component of cartilage lubrication and integrity, lubricin is a surface-active mucinous glycoprotein released by the synovial joint. Its expression
increases with joint movement. In healthy joints, lubricin molecules cover the cartilage surface to lubricate the boundary of the joint and inhibit protein and
cell attachment. Patients with joint trauma, inflammatory arthritis, or genetically mediated lubricin deficiency, who do not produce enough lubricin to
protect the articular cartilage, develop arthropathy. Irisin, sometimes known as the “sports hormone”, is a myokine secreted primarily by skeletal muscle. It

is a physiologically active protein that can enter the circulation as an endocrine factor, and its synthesis and secretion are primarily triggered by exercise-
induced muscle contraction.

Roggio, F.; Int. J. Mol. Sci. 2023, 24, 5126
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NaBoduoioAoyia tnc pAeypovic otnv OA

DAeypovi tou vpéva Kot ivwon otnv OA. Xpwon atpato§uAiving Ko nwoivng tou vpéva amno acBeveic mov unoBAROnkav oe TKR. a,b |
Ztowxeia pAeypovwdoug pavotumnovu tovifovial ota peyevOupéva EvOeta, mepltAappavovtog untepndacia tng eNutoAng otipadog
(aoTtEPiOKOG OTO TUAMA a), KL KUTTAPLKA StnORpata Kot ayyeiwon tng untokeipevng otifadag (aotepiokog oto tuRpa b). ¢,d | Zroyeia
WWTLKOU ¢awvotumou tovifovtal ota évOsta, mepthAapfdvovtag ivwon tng unokeipevng otipadag (aotepiokog oto TUARA ¢ Ko d).

Sanchez-Lopez E, Nat Rev Rheumatol. 2022 May;18(5):258-275
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* damage-associated molecular patterns (DAMPs)
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REVIEWS

TLR4 signalling in osteoarthritis
—finding targets for candidate DMOADs

Key points

Inflammation and inflammation-induced catabolism (for
example, involving activation of matrix metalloproteinases)
are tightly controlled by Toll-like-receptor-mediated innate
immune responses Toll-like-receptor 4 (TLR4) binds a number
of different agonists, some of which (so-called damage-
associated molecular patterns) are released when tissues are
damaged.

The expression of TLR4 in cartilage is increased throughout
the development of osteoarthritis (OA). Many TLR4 agonists
that have been identified in the joints of patients with OA
can induce inflammatory responses in ex vivo tissue samples
from these patients.

Several pathways modulate TLR4 signalling in joint tissues,
and a number of TLR4 blockers might be candidate disease-
modifying OA drugs (DMOADs)

Gomez, R. et al. Nat. Rev. Rheumatol. 2015; 11:159-170



Ta DAMPs otnv OA
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Schematic representation of the role of damage-associated molecular patterns (DAMPs) in the initiation and perpetuation of the low-grade systemic
inflammation. (1) DAMPs released from extracellular matrix to the joint cavity during cartilage degradation. (2) Proliferation and hyperplasia of the
lining cells along with inflammatory cell infiltration and (3) neoangiogenesis. (4) Production of inflammatory mediators (cytokines, chemokines, lipid
mediators, and DAMPs themselves) into the synovial fluid. (5) These mediators then activate chondrocytes that in turn produce metalloproteinase

resulting in a vicious cycle (6) between cartilage and synovial membrane.
Lambert C, Front Med (Lausanne). 2021;7:607186



Synovitis:

1. Induction of pro-
inflammatory cytokines
like—IL-1B, TNF-c, IL-6,
IL-8

2. Stimulate innate
immunity responses
through TLRs

Osteophytes formation:

1. Active involvement
M2 type of
macrophages

2. Release of TGF-B,
BMPs

3. HGF

4. Alarmins S100A8 and
S100A9

5. Modulation of bone
resorption and
activation of
osteoclasts

M1 kot M2 pakpodaya otnv OA

’

M1 and M2
macrophages

¥

Cartilage damage:

1. MMPs production
via pro-inflammatory
cytokines induction

2. ROS and NO
mediated cartilage
loss

OA associated pain:

1. Induction of TNF-a
and IL-6 (positively
correlated with pain)

2. release of MIF
(positively correlated
with pain)

3. Release of
chemokines and NGF

4. via close interplay
with T-cells

An outline of the involvement of
macrophages in to key pathological events
of OA. The cells have a strong linkage with
synovitis through the induction of
proinflammatory mediators and activation
of immune responses. Macrophages
contribute for cartilage damage through
the release of MMP-1, 3 and 9, while
indirect stimulation of MMPs is through
pro-inflammatory cytokine, ROS and NO.
They play an active role in osteophytes
formation by the release of TGF-$3, bone
morphogenic proteins (BMPs), alarmins
and by modulation of bone resorption
process.

Kulkarni P, Adv Clin Chem. 2021;100:37-90
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Neutrophils are recruited at the synovial
capsule and contribute to the secretion
of many cytokines and chemokines
within synovial fluid that promote
inflammation and vascular infiltration
and inhibit chondrogenic progenitor cell
migration. The formation of neutrophil
elastase (NE) enhances cartilage
degradation, chondrocytes apoptosis,
unbalanced subchondral bone

remodeling, and osteophyte formation.

Chaney S, Biomedicines. 2022;10(7):1604.
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Kuttaplkég
oAANAETLOPACELC GTOV
VMEVa Kat eEEALEN TnG OA

Activated fibroblast-like synoviocytes (FLS) in the
osteoarthritis (OA) synovium secrete, among
other factors, cytokines, growth factors, matrix
metalloproteinases (MMPs) and tissue inhibitors
of metalloproteinases (TIMPs), which contribute
to macrophage activation and stimulate
catabolic pathways in chondrocytes. Similarly,
activated macrophages secrete pro-
inflammatory mediators that stimulate FLS and
chondrocytes, promoting the degradation of
extracellular matrix (ECM) components. ECM
degradation products further activate both FLS
and macrophages, resulting in a repeating cycle
of inflammation and cartilagedegradation

Sanchez-Lopez E, Nat Rev Rheumatol. 2022;18(5):258-275
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and Cartilage

microRNAs: e€éeAlcoopevn Epeuval
Rl\jl\;lz:'voRNAs: exploring new horizons in osteoarthritis @Cmmm otnv OA

=  Micro ribonucleic acids (microRNAs or miRNAs) givat anAnlg €Awkag pun kwdikomorovvta popia RNA mov
Bpiokovtatl oe {wa ko putd. Eival pikpa popia, cuviBoucg peyéBoucg 10-25 voukAeotidia. Amo tnv npwtn

neplypadn toug npo 20etiag, onpepa £xouv tavtonolnOsi mepinov 28.000 aveéaptnta miRNAs.

= H ovopaoia toug £xel éva tpoBepa yia kabe €idog (hsa yia avOpwmnouc) kat Evav aplBpo tavtotntag yia KA0e

miRNA, ywa napadstypa hsa-miR-1407,9, av Kat to npoOspa napaleinetal cuvnOwe ota avOpwniva miRNAs.

=  Ta miRNAs gival kUpLag onpaociag otn pUOULON BLOXNULKWY HOVOTIATLWY, CUMTIEPLAQUBAVOVTAC TNV KUTTOPLKNA

ditapopomnoinon, mpoodo Tou KUTTAPLKOU KUKAOU KOl TNV AMOmTwon.

=  Kupla §paotnplotnta Toug ivat n KAtaoTtoAn Tov yovidiouv otoxou péow dEopevong oto dikd tou mRNA

M. Nugent, Osteoarthritis and Cartilage 24 (2016) 573-580
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Review
The Role of miRNAs in Common Inflammatory
Arthropathies: Osteoarthritis and Gouty Arthritis

Panagiota Papanagnou L+t Theodora Stivarou %% and Maria Tsironi !
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microRNAs: eéeAlooopevn €psuva otnv OA

Intronic microRNAs (miRNAs) and the
miRNA-488/ZIP8/MTF1 pathway are critically involved
in the pathogenesis of osteoarthritis (OA). Distinct
miRNAs (miRNA-33a, miRNA-455-3p, miRNA-140, and
miRNA-335-5p) reside within intronic regions of
human genes and they modulate the expression of a
series of molecules either positively (upward pointing
or negatively (downward pointing arrows) associated

with the development of osteoarthritis

Panagiota Papanagnou, Biomolecules 2016, 6, 44



O a¢ovoac eykedpalov —apBpwonc otnv OA: Nevpa, KIpKASLO pOAOL Kot
TLEPOLV
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Mepidepkn Kot KEVTPLKNA
ok gvaloOntonoinon oto
OAKO aAyoc

Spinal Cord

Mediators (inflammatory cytokines,
pain-related molecules) released form
joint tissues activate peripheral nerve
terminals of nociceptor neurons
(peripheral sensitization). Persistent pain
or inflammation causes activation and

A. Peripheral sensitization B. Central sensitization e pee .
repetitive firing in afferent C-fiber
lon channel . . .
e.¢. TRPV1, Nav 1.8, Nav 1.9 nociceptors, which triggers the release of
neurotransmitter in the synapse of the
' Glutamate aps .
Inflammatory cytokines BDNF m - dorsal horn (central sensitization).
e.g. TNF-q, IL-1B, IL-6 => O brain
. @ Glutamate, ATP, substance P (SP), and
To spinal neuron . .
Pain related molecules ATP cytokines from DRG central terminals
e.g. NGF, PGE2, bradykinin - mediate neurotransmission to second-
DRG central terminal Dorsal horn neuron :
Noctoentor temiinels order postsynaptic neurons that relay

signals to the brain

Ohashi Y, Cureus. 2023 Feb 22;15(2):e35331
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Nevpoyevnc pAsypovni oto
aAyoc tnc OA

| Occasional pain stimuli (mechanical, noxious, chemical or electrical)
are transmitted from nociceptors in the joints to the nucleus of dorsal
root ganglia (DRG) via action potentials, which trigger the
transportation of neurotransmitters such as substance P and calcitonin
gene- related peptide (CGRP) to the spinal cord. b | Chronic painful
stimuli in the joints (such as those that occur in osteoarthritis (OA))
induce an increase in nerve growth factor (NGF), which binds to the high
affinity receptor tyrosine kinase A (TrkA). The NGF-TrkA complex that is
formed is translocated to the DRG nucleus and induces the
overexpression of substance P and CGRP. These neurotransmitters
convey pain signals to the spinal cord, but are also transported back
towards the joints via antidromal transport and released at the
nociceptor. In the joints, substance P and CGRP function as strong
inducers of local inflammation. At the same time, NGF also induces
increased excitability in the neuron by activating acid- sensing ion
channels, resulting in peripheral hypersensitization. Chronic pain stimuli
also change neuronal activity in the central nervous system by
increasing membrane excitability or reducing axonal inhibition, known
as central sensitization.

Wise BL, Nat Rev Rheumatol. 2021;17(1):34-46



AAyoc ko duAo otnv OA
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AAAnAenidpaon ootoU Ko mepLPePLKWV VEVPWV otnv OA

B Abnormal mechanical stress @
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A) Innervation of cartilage, subchondral bone, synovium and the joint capsule during osteoarthritis. Blue indicates sensory nerves. Yellow indicates
sympathetic nerves. B) Regulatory roles of sympathetic nerves on bone metabolism during osteoarthritis.NE released by sympathetic nerves play a regulatory
role on bone metabolism during TMJ osteoarthritis caused by unilateral anterior crossbite through acting on £2AR (Adrb2). And selective deletion of f2AR
(Adrb2) in nestin+ MSCs could attenuate progression of condylar subchondral bone loss as well as cartilage degradation. C: Bilateral communication between
bone and peripheral sensory nerves during OA. SNS: sympathetic nerve system. NE: norepinephrine. Adrb2: 42-adrenergic receptors. NGF: nerve growth
factor. SP: substance P. CGRP: calcitonin gene-related peptide. BMSC: bone marrow derived stroma cell.

Wan QQ, Adv Sci (Weinh). 2021;8(7):2003390.
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Librela (bedinvetmab)

An overview of Librela and why it is authorised in the EU

What is Librela and what is it used for?

Librela is a veterinary medicine used for the alleviation of pain associated with osteoarthritis in dogs. It
contains the active substance bedinvetmab.

How is Librela used?

Librela is a solution for injection to be given subcutaneously (under the skin); the recommended dose
depends on the dog’s weight, and is given once a month. The medicine can only be obtained with a
prescription.

For more information about using Librela, see the package leaflet or contact your veterinarian or
pharmacist.

How does Librela work?

The active substance in Librela is bedinvetmab, a monoclonal antibody (a type of protein) designed to
recognise and attach to a protein called nerve growth factor (NGF). Once attached, it prevents NGF from
attaching to its receptors (targets) on nerve cells and interrupts the transmission of pain signals. This
helps to bring relief from pain.
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Osteoarthritis as an inflammatory disease (osteoarthritis is not osteoarthrosis!)
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F. Berenbaum, Osteoarthritis and Cartilage 2013;21:16-21
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Low-Grade Inflammation in Symptomatic Knee Osteoarthritis

Prognostic Value of Inflammatory Plasma Lipids and
Peripheral Blood Leukocyte Biomarkers

A NYUHJD Learning B NYUHJD Progression ( Pfizer Cohort
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Tuunépaopa. Ot pAeypovwdelg Brodeiktec Twv Autdiwv tou PGE2 kot 15-HETE avayvwpilouvv acBeveic pe ocupntwpotikry OA tou
yovatog, Kal To GAEYHOVWOEC LETOYPODOOWHA TWV TIEPLDEPLIKWY AEUKOKUTTAPWVY TOU aipatog (PBLs) mpoodilopilel pia umoopada
ao00evwv Pe cupnmTwpatiky OA Tou yovaToc oL omolol elval o€ auénUeEvo Kivouvo yLa akTtvoloyLkr eEEALEN

Supported in part by the National Center for Research Resources grant 1UL1-RR-029893 to Dr. Aliferis

Attur M, Arthritis Rheumatol. 2015;67:2905-15
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Nayxvoapkia kot mBavotnta TKR

Obesity and the Relative Risk of Knee Replacement Surgery

in Patients With Knee Osteoarthritis , ,
Zuppetéxovteg 105.189, mapakoAouOnon ya

Méoo didotnua 2.6 ETwv

A Kaplan-Meier estimates B BMiand age on the risk of future knee replacement
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Juunépaopa: YnEpBapot Kat nayxvoopkol acOeveic sixov >40% kat 100% avénpévo Kivéuvo apOpomAacTiKiC TOU YOVATOC aVIioToLa,
o€ oUyKplon HE acBeveic puololoyikou Bapoug. H cuoxETion elval LOXUPOTEPN OE VEOTEPOUC aoBeVELC. ZTpaATNYLKA HELWONG TOU
Bapoug Ba propovoe va petwoel kata 31% tnv avaykn apBponAactikig os acBeveig pe OA Tou yovatog

Leyland KM, Arthritis Rheumatol. 2016;68(4):817-25
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dyslipidaemia in obesity-induced osteoarthritis
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review OA ko LDL

High systemic levels of low-density lipoprotein
cholesterol: fuel to the flames in inflammatory
osteoarthritis?
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Rheumatology key messages

« High Levels of LDL-cholesterol are associated with development of (inflammatory) OA in both humans and mouse

OA models.
« Systemically lowering levels of oxidized LDL could be effective against inflammatory OA.

« Locally blocking oxidized LDL-mediated processes could be a potential therapy in OA patients.

de Munter W, Rheumatology 2016;55:16-24



OocteoapBpitida: To MEUMTO CUGTATLKO TOU HETABOALKOU GUVOPOMOU;

Subchondral
ischaemia

Inflammation

" Common [ Endothellal.
-_metabolites | Osteoarthritis | dysfunction

Adipokine
secretion

= -

e Deregulated lipid
metabolism

Oxidative
stress _

Accumulation
of AGEs

Zhuo, Q. et al. (2012) Metabolic syndrome meets osteoarthritis Nat. Rev. Rheumatol.do0i:10.1038/nrrheum.2012.135



MetaBoAwko cuvdpopo kot OA

Cardiovascular Risk Factors

Women

Serum leptin  <—

A

Men

Abdominal
Adiposity

High Fasting

Blod Chicasa Insulin resistance
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Knee OA > Hand OA High Blood Joint space narrowing
HERENES Osteophytes
Low HDL Elevated
Cholesterol Triglycerides
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Metabolic Syndrome (3 of 5)

Knee OA ! Hand OA
Symptomatic > Radiographic : Symptomatic > Radiographic

Women > Men <« | Genetics& | Women ~ Men

Typically BMI Dependent

Environment

Typically BMI Independent

To peTaBOALKO CUVEPOMO ELVOL L0l ETEPOYEVIG
Kotaotoon novu Baoiletal otnv napovoia 3
arno 5 dtadopeTikolg peTafOALKOUG
TLOLPAYOVTEG KLVvOUVOU yla KopSLolyyELOKN
vooo. Ta €Ml LEPOUG CUCTATLKA TOU
petafoAikol ocuvépopou deixvouv pulo-
eoptwpevn ouoxEtion pe tnv OA. Otav
e€etaotoUV TAUTOXPOVA, TO HETABOALKO
oUvdpopo ouvoxetiletal pe OA yovatwy Kot
XEPWV. H cuoyxEtion eival toxupadtepn ya
cuprtwpatikl OA, eldkd o€ yuvaikeg pe OA
yovatwv. H mpocappoyn otnv BMI cuxva
OLVALLPEL TNV ONHUOVTLK CUCXETLON TOU
peTaBoAkol cuvépopou pe tnv OA Twv
yovatwv, aAAd oxt yia tnv OA Twv XELPWV.

A. Batushansky et al. / Osteoarthritis and Cartilage 30 (2022) 501-515
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2A TUMOV 2 Kall OCTLKN opolootacio

T2DM ennpedlel apvnTkAd To oKLdWdEG 00TOUV, EVW N 00TLIKN pHala Tou ¢pAoLov
avéavetatl (1) O aplOuadg Kat n AELITOUPYLKOTNTA TWV 00TEOPAACTWY EAATTWVETAL.
EruntAéov, ta enineda tng Brrapivng D tov opol pelwvovtal, yeyovog mou
TPOTOMOLEL TNV opolootacia acBeotiov kot pwodopou (2) oL ooteofAACTES
napayovtat ano ta MSC rtov oto ZA tOnou 2 euvoouv tn dtadopomnoinon os
Auokuttapa anoBnkeuong Atlmoug, e anotéAsopa avnuévo Aitmog oto PUEAS
Kol aUENHEVN £€KPaoT KUTOKLVWYV Kl XNUELOKLVWV KOOwG Kal auv§npéva enineda
eAeVOEPWV OKOPECTWV AtapwV ofEwv. (3) Auta emayouv avénpévn pAsypovn
Ttov odnyei og cuocowpevon npoPpAsypovwdwv M1 pakpopaywv Kat Heiwon Tng
otpodn¢ ntpog aviipAeypovwdn M2 pakpodaya. (4) To diktuo Twv
OOTEOKUTTAPWYV MELWVETALAOYW auENHEVOU puBLOU anontwong. AUTd avavouv
™V £ékppacn okAnpPooTivng, Evav avacToAEa TG 00TEOBANOTIKNG AELToUpYLag,
kot tou RANKL, évav evodwtr) ooteokAaotoyéveons. H FGF-23, pla
dwodatovpkn oppovn avéavetat. (5) H enibpaon otoug 06TEOKAAOTEG €ival
apdAeyopevn otnv BiAoypadia, aAAd o ZA tUmou 2 yevika Oswpeiton otL
HELWVEL TV 00TIKNA EVAAAQYN KoL EMOUEVWGE KAL TN 0OTEOKAQOTIKN Aettoupyia. (6)
H nocotnta twv npodpopwv evEoONALOKWVY KUTTAPWV HELWVETOL 0To ZA TUTou2
odnywv og avénuévn ayyelokn dtanepatotnta. EnuntAéov o A tumou 2 npokaAel
uTtoéia oTLG 00TIKEG KUTTOPLKEC PWALEG, N omtola emayel pAeypoviy. (7) Ou
ao0eveig pe ZA TUMOU 2 £X0oUV AVENUEVO KiVOUVO MTWOEWV KO KOTAYHATWVY Adyw
MELWHEVNG TTOLOTNTAG TOV 00TOU MOV UTtoSekvueTaL ano (8) avénpévo
OXNHATIONO TEAKWV Ipoidviwv YAuko{UAiwong (AGEs) kaut (9) mopwTtikdtnTa TOU
dAouod.

Picke AK, Endocr Connect. 2019;8(3):R55-R70
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Roles of the different adipose tissues on OA progression

by biomechanical and metabolic mechanisms

Increases on systemic AT like SCAT (Subcutaneous adipose tissue), VAT
(Visceral adipose tissue) and intra-muscular adipose tissue contribute to
abnormal loading of the joint, this mechanical stress have been shown to be
part of OA onset and progression. Lipocalin adipokine family has emerged as
sensors of mechanical load, inflammatory status and catabolic stimuli of the
joint, suggesting its involvement in OA pathophysiology. On the other hand,
the paracrine role of SCAT, VAT, intra-muscular AT and local AT BMAT (Bone
marrow adipose tissue) and IAAT (intra-articular adipose tissue) affect joint
health. The adipokines secreted by all those tissues have proven to promote
directly: 1. Secretion of inflammatory cytokines like Interleukin-1beta (IL-18)
and tumor necrosis factor-alpha (TNF-a) which are well-documented for
their active involvement in the pathophysiology of OA, 2. Cartilage
catabolism, including inhibition of proliferation in chondrocytes and
degradation of the matrix components, collagen type 2 and agrecan, 3.
Immune response by the infiltration of joint tissues by monocytes and
leucocytes which increases even more the inflammatory signals present on
the joint affected, 4. Loss of balance between osteoclast and osteoblast
affecting directly bone remodeling, changes on bone constitution are part of
OA pathology and 5. Changes on stem cell principal characteristics like
proliferation and differentiation capacity.

Zapata-Linares N, Curr Opin Rheumatol. 2021;33(1):84-93
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MRI
Knee
effusion
Sy Infrapatellar
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synovitis
Obesity Mediators Mechanisms
| Saturated fat..................... Synovial TNF, M1-like Md»
1 1w-6/1-3 PUFAS.......ceeeireneenecannes Synovitis, F4-80* Md»
| Fiber consumption................ Altered gut microbiome
1 *Pre/pro-biotics & -3 PUFAs......... 1 Synovitis, IM®
1 Adipokine production..........ccccceeeeeeeeeeeeeees Leptin, TNF
DR ) S B e e ean s oa ans auee susbasaascuos st osnnans M2-like Md, FLS
Stromal/stem cells.......... Ichondrogenic, tadipogenic
IR e I TN Seeeseeres narcacansonnenanassansns Fibrosis, Md, iINOS

Obesity-specific joint populations yet to be defined
Mo .......... Prevalent cell type, CD14* 10A progression
B cessessssiis 1 post-injury neutrophils & CD3* T cells
Other candidates.................... Mast cells, CD4* Ty cells

Nayxvoapkio, Atmwdédnc totoc kot OA

H nayxvoapkia avavel tnv petpovpevn pe MRI vpevitida kat thv
upevitida oto untoemiyovatidiko Ainog. Mpoodateg KALVIKEG Kol
TUPOKALVIKEG MEAETEC £XOUV TOLUTOTIOLOEL SLALLTNTIKOUG
TLOLPAYOVTEG, TNV AmopeLUOuLoN Tou urtoemnyovatidikol Alrtoug Ko
TOL AVOOOKUTTOPA TOU UHEVA oav HECOAABNTEG TNG apOpPLKAG
dAeypovng nov endyetat ano tnv noxvoapkio. MoAAEC PEAETEC
gotialovtol ota pokpodaya mou eivat ta emkpatovvia Kuttopa
otov apOpko vpéva. Evtoutolg, ta pokpodaya £Xouv Po- Ko
OVTLPAEYLOVWEELG LOLOTNTEC KL TIPETEL VAL TAWUTOTIOLNOEL 0
untonAnOuopo¢ ov Sleyeipetal otnv naxvoopkia.

*Preclinical treatments showing efficacy against obesity-associated
post-traumatic knee OA. Green arrow = anti-inflammatory/anti-OA,
Red arrow = pro-inflammatory/pro-OA, MF = macrophage, PUFA =
polyunsaturated fatty acid, FLS fibroblast-like synoviocyte, IFP =
Infrapatellar fat pad, HFD = high-fat diet.

A. Batushansky et al. / Osteoarthritis and Cartilage 30 (2022) 501-515
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* Fattyacids composition change (n-6 PUFAs/n-3 PUFAs)
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Anabolismy,: COL2A1, SOX9, RUNX2

Autophagy, . ATGS,LC38B, ULK1

Apoptosis . BAX,BCL-2, Caspase-3

Zheng L, Ageing Res Rev. 2021 Mar;66:101249



Risk Factor A

MpoAnyn tng OA Risk Factor B

Increased Risk for
OA Disease / lliness

Risk Factor A Risk Factor B
e.g., Joint Trauma e.4., Obesity

.\

J.L. Whittaker et al. / Osteoarthritis and Cartilage 29 (2021) 1638e1653
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Mwc BonOouv GAEC OL VEEC YVWOELC GTNV OVTLUETWTILON
tn¢ OA otnVv KAWVIKN paén;

«H oulntnon ywa tnv Bspaneia tng ooteoapOpitidac potdlet U TNV

ov{Atnon ya Tov Katpo. OAot AEve KATL Kl KOAVELC SEV KAVEL TimoTo»

Paraphrased from Mark Twain. Malfait, A.-M, ACR 2016



