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Few things are so apt to cause a drowsy despair at a medical meeting as t
LINRaLJISOU 2F |y IOFRSYAO RAaOdzaaA?2
the harvest is small.

John Kent Spender, BMJ, Volumd 888 781783
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Variation in liability
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Medicine

SysTEMATIC REVIEW AND META-ANALYSIS

[oPEN]

Single Nucleotide Polymorphisms and Osteoarthritis

An Overview and a Meta-Analysis
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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
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High levels of Low BMI
physical activity

Metaflammation

Traditional diet uncommon

* Low in sugar
* Low in saturated fat

* High in fibre
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Metabolic syndrome

Hypertension
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Inflammatory OA

Bone-driven OA

Cartilage-driven
OA
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* Meniscus and ligament
injuries
¢ Intra-articular fractures

¢ Shear stress and
compression

* Induces inflammatory
mediators (e.g. NOS,
IL-6 and IL-8)

* Obesity
* Type 2 diabetes mellitus

I 1A gut microoiome

* Diet might shape the gut
microbiome

* Microbial dysbiosis

* Changesin intestinal
permeability

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

Sanchez opez ENat RevRheumatol 2022;18(5:258275
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Comorbidities

Patient
profile
Triggers

}

Knee joint tissues

Anabolic events

Angiogenesis Catabolic events

: : Inflammation
Matrix synthesis

Matrix d dati
Cellular proliferation R L

Apoptosis, senescence

Innate immune system

Metabolic reprogramming

Joint homeostasis

7 V 1 1
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Triggering factors (for examplenajor trauma, repetitive minor trauma,
inflammation, infection or altered biomechanigspatient profile (including
characteristics such as sex, genetics, age, anatomy and historgt
comorbidities (such as metabolic syndrome, obesity or diabetes mellitus)
interact to affect all joint tissues in the knee, including thesteochondral
unit, synovium meniscus,jnfrapatellar pad and ligaments, resulting in
activation of specific moleculacascadeshat lead to catabolic and

anabolic events. Catabolic events includdlammation inducedby several
mediators such as damageassociated molecular patterns (DAMpPand
pathogen associated molecular patterns (PAMPS); matrix degradation by
matrix metalloproteinases(MMPs) and alisintegrinand metalloproteinase
with thrombospondinmotifs 5 (ADAMTS5); activation of the innate
Immune system mediatedby macrophagesTolt like receptors and
complement activation; metabolic reprogrammin@@nd senescence.
Enhanced anabolism is mediated through the activationrbstly
developmentallJr 0 K¢l @ &% adzOK & GNIF yagz2Ny
bone morphogeneticprotein (BMP) and fibroblast growth factor 2 (FGF2)
signalling Whenanaboliceventsare successful, joint homeostasis is
restored; when catabolism is overwhelminghe disease process becomes
chronic and probably irreversible

MahmoudianA, Nat RevRheumatol 2021;17(10:621-632
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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
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Formation of osteophytes

Articular cartilage B ) B v h ’ ‘ ’ ) ‘ 4- h Y '

degradation - -

Synovial
inflammation
(synovitis)
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Articular cartilage surface
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Proinflammatory cytokines (IL-1B, IL-6,
TNF-a)

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

Chemokines

RSPO2

A. Healthy B. OA

Chondrocyte

_ 4

" Inflammatory
mediators

Synovial fluid

Synovial fluid

Superficial zone{
10% - 20%

Middle zone
40% - 60%

Apoptotic chondrocyte

Hypertrophic chondrocyte

@ MMP-1, MMP-13, @
ADAMTS-4, ADAMTS-5

Deep zone
30%-40%
Tidemark

Cartilage erosion

Calcified cartilage Fissurallesion

Subchondral bone

Sclerotic bone formation
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Healthy cartilage Osteocarthritic cartilage

Superficial
ZOone

Middle
zone

Deep zone

Calcified
cartilage L

Subchondral
bone

Interterritorial matrix  Territorial matrix

Pericellular matrix

~—— Fibrillation and fizsuring
\l \

) Chondrocyte cluster
(" Senescence-azzociated
secretory phenotype

Superficial zone

o— Collagen fibrilz, aggrecen, hyaluronan

B

N

The structure ofarticular cartilagecan be divided into three distinct zones moving from the articular

surfacetowardsthe bone (superficial, middle and deep), followed by the calcified cartilaBachzone

exhibits a characteristic extracellular matrix (ECM) composition ardanizationthat reflect the forces
experienced. Chondrocytes and type Il collagiores are orientated transversely in the superficial zone,
enabling the dispersion o$hearforcesduring articulation. The presence dfibricin within this zone
further facilitateslubrication of the joint. In the middle zone, type Il collagéefibresresist compressive

and shearforces from a number of directions, as exemplified by the random arrangemefithe fibres. By
contrast, thick collageriibres arranged perpendicular to tharticulating joint surface in the deep zone
resist compressive loads and high concentratiasfgoroteoglycanin this zone enable water retention. The
ECM in which chondrocytegsidealsodiffers in composition and structure and can be divided into three
regionsmovingfrom the chondrocyte outwards; thepericellularmatrix (PCM), territorial matrix andhe
interterritorial matrix. The PCM, characterized by the presence of type VI collageroundsthe
chondrocyte and influences chondrocyteechanotransduction
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Superficial zone
- ——Fibril laticm
™ \_/ﬂ-
—— HC heamdr oy te
= o | olustering
Middle zone

1L

(e <]

HHyper trogp hic
chondrocyte

Deep zone

Tid emark
duplication

Wascular
Invasion



r'lh/\‘Ch T ’h21 Ah >B ] "

| 1" h >Rael/Cdc4z A s’

T T B MKKT T T s >y

© Y T Y INKZSh ot AW L Bt

Shear stress

=
>
=

2% o

Shear stress activates 7 ' . ’ ! | - B - h 1 B '
Rac-1and Cdc42 O\@:’\ﬁ& 5 ’ A : . < cdurk .
QAN ‘ T BT w e CoXRECOX2C h _h T w< !
_ P13K,” 7 ¢h _h Nrfe<<sd AN

B < h AR Yy B L, e ' ¢ h A !
L Y h Y = h o - h ¢g ~ h*t ' h
BAB’J“‘“C."H“"h_g‘,C.‘"h' h - ' - .o
L TAL T T8 @ W, 'AhCox21 P B 1 B T s
we , " hPGE'h ¢ _ ¢ h ¢ N h
we¢ 7~ h VEPZC'h“{“;hW\h h -~ W <
dagradation , S . - . .
_ h , B h |‘|_.1_bm B '« W A Y h ]
TLR& ' 1 . _v‘ ‘f'<V, ‘_'BI 1
% Phase 2 and ~- _ b >7 AERKL/2P13KS PIJNK b 7 7 7 7 h
& 7 NEOF S A -
oﬁf;g’%}'@ antioxidative proteins s " °'9/"_\' ApOptOSIS K AB 7~ 1 Y T Yo~ yL_lbhcg h *h "'~ ' S'BAA O
og/fr’j?n e - o g = -
““; m‘* SO A s vh L SMRKBT hATH-6S TMMP.
Uy, B o - - WS
d44 7P ALY
E . O

Mitochondrion

9
LAY
LIEa: W?W?5?,‘2?29?2?Q?Z‘ii%‘i%%‘ﬁwlf&&%& Li, Y: Molecules2021, 26, 6122



- LPS / TNFa« /
——

EXTRACELLULAR

ol 3 03 T
FRIZZLED
LRPS/6 J T YUV CYTOPLASM
| AXIN S
‘ARG i GSK3
f8>) " hatc~
..‘.#_'_ ‘A B A { q AN - h
ld ) I h N I l
{*— > - ‘{ -
B-CATENINE . N1 T T ¢
ACCUMULATION o

VCAM-1
' ICAM-1
‘ MMP9
MMP13
ADMTS
ADMTS5
IL6
IL1RL1

NUCLEUS VEGE
CARTILAGE DESTRUCTION
SUBCHONDRAL SCLEROSIS /
INFLAMMATION
OSTEOPHYTES KumavatR, Mediators Inflamm. 2021:5574582

A4 44
—p50 51{6.5 >4
TARGET GENE =




Upon deformation, growthfactors sequesteredn the extracellular

matrix, including fibroblast growth factor (FGH)pne morphogenetic
protein (BMP) and transforming growth factek 6 ¢ DCi &elll O 7
surfacereceptors. FGF binds to FGF receptors (FGFRSs), causing
phospholipase € PLd&) to be recruited to the kinase domains of FGFRs
and activated and, in turn, tstimulate protein kinase C (PKC) activity
and downstream activation of mitogenactivated protein kinases
(MAPKSs). FGFR ligand binding also activates growth factor receptor
bound protein 2 (GRB2) through FGFR substrate 2 (FR@#¢h
activatesRAS, resulting itthe activation of extracellular signal

regulated kinase 1 (ERK1) and ERK2. ERKERi#ranslocateto the
nucleus and affect the activity of numerous transcription factolSGFR
signallingvia GRB2 also triggers th#hosphoinositide3- kinase (PI3K)
protein kinaseB (AKT) pathway. BMPs and TiGBind to cell surface
heterodimer BMP receptors (BMPIRand TGF receptors (TGFRS). In the
SMADsignallingpathway, either SMADs 1, 5 @ (for BMPRs) or SMADs
2 or 3 (for TGFRs) are phosphorylated and activaigdn ligandg

receptor binding, recruiting SMAD4 anttanslocatingto the nucleus to
affect transcription. Non- SMADsignallingpathways are activated

0 K NP dz3 &ctivatddl Kinase(TAK1), which can activate dun amino

* Cell survival _ terminal kinase (JNK), p38 MARIKKdNF ¢ . Activation of these
* Cell cycle regulation pathways results in contextdependent expression ofenesassociated
* EEH Q'ZC'WT_ with anabolic and/or catabolic chondrocyte processes, as whthse
* Cell migration :
B o L R e controlling chondrocytehypertrophy. HS heparansulfate
NN/,

Nucleus HodgkinsonT, Nat RevRheumatol 2022 Feb;18(2):684
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Synovitis \|

[

Synovial fibrosis

" Cartilage hypertrophy

Cartilage débgeneratlon |
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In healthy articular cartilage, low concentrations
of TGH o LINRY23GS YSUl o2fA
the Smad?2/3 pathway. Chondrocyte autophagy
alsoplaysa protective role. TGF o A a | f ¢
involved in many aspects of osteoarthritis (OA)
pathology mediated through the Smad1/5/8
pathway.

High concentrations of TGFo AY 2 &0 S+
joints induce the production of catabolic factors
and chondrocyte hypertrophyultimately
resultingin cartilage matrix degradation,
osteophyte formation, and synovial fibrosis. In
addition, high levels of TGF aupregulatethe
expressionof Runtrelated transcription factor 2
(Runx2) via the Smad1/5/8 pathway, leading to
aberrant bone remodeling andurther
subchondralbone sclerosis. In addition,
chondrocyte switching from autophagy to
apoptosis has been implicated in O#ogression

Du X Bone Res2023;11(3:2
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IHH inhibitor  High-affinity ligand

CDC0449 FCFOar FGFLE ' v peptide inhibitor

FGF8& neutralizing
antibody antibody |

Ostecarthritic joint

|'| Articular

| eartilage FGF2, FGF9, FGF18, FGFR3

Synovium

&\
| o= === [I FGF2, FGF9, FGF18, FGFR3
Meniseus

Expression of FGF
signalling molecules

Upregulated
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Inhibitory  FGFR1
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Macrophages Pro-inflammatory

mediat ors
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CHCRT neutralizing

Synovium Cartilage |

Fibroblast growth factorsignalling

In osteoarthritis and cartilage repair

a | In an osteoarthritic joint, the expression of fibroblast growth
factors (FGFs2nd FGReceptors (FGFRS) in different tissues is altered
compared with that in a healthy joint. b | FGEignallingpathways
canbe modulated in several ways as potential therapies for
osteoarthritis (OA). FGFR1 trigganpregulationof aggrecanaseand
matrix metalloproteinases(MMPs), promotes extracellular matrix
(ECM) degeneration and inhibits thenabolicactivities of articular
cartilage. FGFR3 exerts a cartilageotective effect, mainly through
the inhibition of hypertrophy and pro- inflammatory mediators and
the promotion of ECM synthesis. FGFR1 antagonists and FGFR3
agonistsare promisingfuture therapeutic strategies for OA.
Dysregulated=GFsignallingin the synoviummight alter the balance
of cartilagematrix degradation and composition, and such cartilage
alteration could, in turn, amplify synovial inflammation.

CXCR7 , Cx¢hemokine receptor 7; IHH, Indian hedgehog; PGE2,
prostaglandin E2.

XieY, Nat RevRheumatol 2020 Oct;16(10):54%64
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transcription factor STAT3, and-ILcan induceéb C ©driven
expression of genes encoding senescenassociatedsecretory
phenotype (SASP) factors. Senescent joint cells are
characterized by increased oxidative stress (owinghe
generationof reactive oxidative species (ROS) and reactive
nitrogen species (RNS)), DNA damage, increasqutessionof
urokinase type plasminogen activator surface receptoulPAR,
and upregulation of stress proteins such as p38, JunN-
terminal kinase (JNK) anchTOR p38 induces senescence and
the expression of p16, while JNK negativebgulates
senescencén cells in joint tissuemTORand p38 promote the
SASP bypregulatingthe translation of MTOR and
phosphorylating(p38) MK2 (also known as MAPKAPK?2), whic
stabilizes mMRNA transcripts encoding SASP fact8AsSP
factors (including It1 and IL6) and senesceneenducing
extracellular vesicles are secreted by these céli® the
extracellular matrix, promoting macrophage recruitment to,
and driving further senescence in, theirroundingjoint tissue.
Senolyticdrugs aim to prevent senescencassociated disease
by inducing apoptosis specifically senescentellsvia the
upregulationof p53,caspasesnd other proteins in death
associated pathways, while repressimathwaysassociated
with cell survival (for example, pathways involving MDM2,
BCL2 and PI3K$enomorphicdrugs do notkill senescentells,
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* Systemic inflammatory response
* Lipotoxicity and AGEs
* Alteration of cellular metabolism
* Hereditary susceptibility

* Collagen network damage
* Proteoglycan loss
* Matrix synthesis!
* Matrix degradation!

* Activated inflammatory response
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Inflammatory
phenotype

* Elevated inflammatory mediators
* Enhanced inflammatory response
* Mitochondrial dysfunction

* Excessive ROS production

* Inflammaging
* Chondrosenescence
* Mitochondrial biogenesis!
* Increased apoptosis
* Decreased autophagy

ZhengL, Ageing Res Rev. 2021 Mar;66:101249



Venous portal circulation

Normal load Overload

Horizontal fissuring

* in OA obese patients

* Between erosion cartilage and

Synovitis-induced venous ¢ , ‘ subchondral bone

portal circulation : * Aunit of BMI (1kg/m?) weight

* crosstalk of synovium and increase will increase the odds of
subchondral bone | s f horizontal fissures by 14.7%

Synovitis

A. Synovitisinduced venous portatirculation.
C B. Horizontal fissures in obes®A patients.

C Cell derivation of osteophytéormation.
CHURDRINYE. CORIE N Pdgtra platelet-derived growth factor receptor A;

* Pdgfra+ stem/progenitor cells in periosteum and synovium
(descendants from the Gaf5-expressing embryonic joint interzone); Gdf5 grOWth differentiation factor > 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 _ N ]
Y.Jiang Osteoarthritis and Cartilage 30 (2022) 207e215
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chondrocyteapoptosisis also
evident.

DEease progresson Coacciolj S; J.Clin Med. 202211, 6013



Prevalence of Calcified Meniscal Cartilage in Elderly Persons
N EnglJ Med 1965; 272:1093097

Pathological calcification of cartilage is a hallmark of
osteoarthritis (OA. Calcificationcan be observed
both at the cartilage surface and its deeperlayers.
The formation of calciurrcontaining crystals,
typically basiccalcium phosphate (BCP) and calcium
pyrophosphatedinydrate (CPP) crystals, is an active,
highly regulated and complekiologicalprocesshat

IS Initiated by chondrocytes and modified byenetic
factors, dysregulatedmitophagyor apoptosis,
inflammation andthe activation of specific cellular
signallingpathways. The linkgetweenOAand BCP
deposition are stronger than those observed
between OAand CPP deposition.

Bernabeil, Nat RevRheumatol 2023;19(3:10-27
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Calciumcontaining crystabrecursors(amorphous calcium
phosphate precursors (ACP) aadhorphouscalcium
pyrophosphate precursors (ACPP)) are produced by chondrocytes
viathree different mechanisms: hypertrophic differentiation and
release ofmatrix vesiclegpart a); mitochondrial autophagy and
exocytosis (part b); an@poptosiswith generation of apoptotic
bodies (part c). Once released in tlartilageextracellular

maitrix, these precursors can be converted into matuoasic
calciumphosphate (BCP) and calcium pyrophosphdi@ydrate
(CPP) crystaJsvhichthen grow, leading to pathological cartilage
calcification. AlFapoptosisinducingactor; ANK, progressive
ankylosisprotein homologue; CAD;aspaseactivatedNAse
DIABLO, Diablo IABinding mitochondrial protein; ENPR1
ectonucleotidepyrophosphataséphosphodiesterasdamily
member 1 Fasl.Fas ligand; HTRAZ2, serine protease HTRAZ2; Pi,
inorganic phosphatePPj inorganic pyrophosphate; PINK1, PTEN
induced putative kinase protein ;IPS phosphatidylserine TNAP,
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The cartilagecalcificationprocessconsists of a crystal nucleation phase, during whesmorphouscalciumphosphate precursors (ACP) and amorphous
calciumpyrophosphateprecursors(ACPP) are formed, and a crystal growth phase, during whiakiccalciumphosphate (BCP) and calcium
pyrophosphatedihydrate (CPPYrystalsare generated and grow in size. Crystal nucleation occurs via thagerent mechanismshypertrophic
differentiation of chondrocytesmitochondrialautophagyand chondrocyte apoptosis. Crystal growth starts in collagamils (intrafibrillar) and continues
between collagen fibrilséxtrafibrillar). Bothcrystalnucleationand crystal growth are modulated by different factorsjcludingpro-inflammatory
mediators, reactive oxygen species (ROS) and reactitregen speciegRNS), growth factors (such as bom®rphogenicproteins (BMP3), extracellular
matrix proteins (for example, bonsialoprotein, osteocalcin dentin matrix protein 1 (DMP1)psteopontin, matrix Glaprotein (MGP) andslarich protein
(GRP)), ion imbalance and circulating proteins (suclieasin-A) Bernabeil, Nat RevRheumatol 2023 Jan;19(1):3Q7



Macrophage

Synovial

fibroblast
Osteoblast
Articular
cartilage

Synovial
membrane

Meniscus

Chondrocyte

Subchondral
bone

\I:-."Iac‘l?

o3
BCP

.‘._______

42|
=)

E?
F
(A
1
1
E
7]
=/

1___________

=
[
V= |
L)

CPP

TL Rit

il

BCP

BCP—. WntSa
HT'L o
{LRP6
o -
[ Destructlon Y

I
I
|
I
1
|
I
|
T
I
|
I.
\ “complex.
I

|

I

I

¥
MAPK
pathway

g cateniy

L W
IiSoxéEﬁ
LAGG)

fcoLx )

:jﬁnnexin AS::

- o]

wnt
SJgnalIJng

(icas—--~ (tica®

|4____
|

CaM KZ

I
|
|
|
|
|
|
1
|
|
1
|
|
|
|
|
|
I
|
I
|
I
1
|
|
1
|
i
il
|
|
|
|
|
|
|
|
|
|
|
|
1
|
|
1
|
|
1
|
|
|
|
¥

—
(tADAMTSS) |

Ctmme3) [/

L ¥

Inflammation <= RNS «— Hypertrophy =— Senescence/apoptosis -— Matrix-degrading enzymes

l

l

l l

Cartilage damage (osteoarthritis)

l

l-h
. A
L
(CPP)S
y
¢
h:‘_’
- h
K -t
. A
1+~ R
1 7 h
1A,
1 B’

,tv,lv
-{ -t
B

h
1>
(l‘ t
- w
‘ll\l
N
> > w
: h
. N B

o _hc<
AL T T ¢ h
v ¢ _h 7oh h
S h << g
¢ (BCP)"B' L
T , IB' ’
'/\ ,<BJ>“/\"'§
(RNS)‘_ s T, g
“« A Ah v ¢ h
ot ! _‘5>w
h ‘I’{'_J_I/\_h
A ‘T"‘_ﬁ<<l+/\
s<¢t A BR 1'<
B Ah h < <' <
T A ho
>,“ce\,“+“h,“"h <.

h* Cél\/er A

calcium/calmodulin-dependent protein
kinase II; IE6R,IL-6 receptor; MMP,
metalloproteinase; NO, nitric oxide;
PGE2, prostaglandin EZLR TolHike
receptor

Bernabeil, Nat RevRheumatol 2023;19:1627



Rheumatology 2016;55:1536-1547

RHEUMATOLOGY Advance Accecs publcation 14 hecenber 2015
Review

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- signaling
[12]

E

Osteoblast differentiation
Increased osteogenesis
[120, 121, 144)

Rheumatology key messages

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 BosciMH, Rheumatology 2016;55:1536547
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Joint distraction for osteoarthritis clinicalevidence and
molecularmechanisms

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 MPNat RevRheumatol 2022;18(1:35-46
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Overview of joint processes and molecular mechanisms during and
after joint distraction. Distractionchangeghe osteoarthritis (OA)

related homeostasis in the joind.| Joint distraction reduces

mechanical (over)load on therticularcartilagesurfaces, thereby
preventing wear and tear and potentially initiating intrinsic cartilage
repair activity.Resiliencen 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 chondrocytels.| Joint distraction alsgesultsin
considerableoeri- articular bone changes. Altered activity of bone cells
may add to release of trophic factoftsexagonakhape$ to support
cartilage repairc | Restoration of the mechanical and biochemical
environment of the jointjncludingthe loss of the hyaluronic acid
coating (blue outline) from synovial fluiderivedmesenchymastem

cells (SAMSC3$, mighttherefore provide a window of opportunity in
which joint resident MSCs can attach to injury sites and repair tissues.

Jansen MPNat RevRheumatol 2022;18():35-46



Healthy knee joint Osteoarthritis

Active lifestyle Sedentary lifestyle
Cartilage
~ ~
L \ h ~ ¢ v > ¢
Positive effects Negative sftects
| | LUBRICIN LUBRICIN
IRISIN IRISIN

A crucial component of cartilage lubrication and integritybricin is a surfaceactivemucinousglycoproteinreleased by the synovial joint. Its expression
increases with joint movement. Imealthy joints, lubricin molecules cover the cartilage surface to lubricate the boundary of the j@ndinhibit protein and

cell attachment. Patients with joint trauma, inflammatory arthritis, ageneticallymediated lubricin deficiency, who do not produce enougdhbricin to

protect the articular cartilagedeveloparthropathy. Irisins 82 YSGAYSa 1y 26y | & niydkiSesecietbdprivitiridy bylsist thysSes IE A
Is a physiologically active protein that can enter the circulationasendocrinefactor, and its synthesis and secretion are primarily triggered by exercise
inducedmusclecontraction.

Roggiq F; Int. I Mol. Sci. 2023, 24, 5126
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Trauma or overuse
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CPB, carboxypeptidase B; DAMPs, disease
associated molecular patterns; NO, nitric
oxide
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A damageassociated molecular patterns (DAMPS)
A pathogenassociated molecular patterns (PAMPS)

REVIEWS

TLR4 signalling in osteoarthritis
—finding targets for candidate DMOADs

Key points

Inflammation and inflammationinduced catabolism (for
example, involving activation of matrix metalloproteinases)
are tightly controlled by ToHike-receptor-mediated innate
immune responseslolklike-receptor4 (TLR4) binds a number
of different agonists, some of which (scalled damage
associated molecular patterns) are released when tissues are
damaged

The expression of TLR4 in cartilage is increased throughout
the developmentof osteoarthritis (OA. Many TLR4 agonists
that have been identified in the joints of patient&ith OA

can induce inflammatory responses &x vivotissue samples
from thesepatients.

Several pathways modulate TLR&nallingin joint tissues,
and a number of TLR4 blockers might be candidate disease
modifying OA drugs (DMOADS)

Gomez, R. et al. Nat. RéRheumatol 2015 11:159170
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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

f

’

M1 and M2
macrophages

e ¥

 H

Cartilage damage:

1. MMPs production
via pro-inflammatory
cytokines induction

2. ROS and NO
mediated cartilage
loss

OA associated pain:

1. Induction of TNF-«.
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

Sh ¢~ >~ R h

An outline of the involvement of
macrophages in to key pathological events
of OA The cells have a strong linkage with
synovitisthrough the induction of
proinflammatory mediatorsand activation
of immune responses. Macrophages
contribute for cartilage damage through
the release of MMPL, 3 and 9, while
indirect stimulation of MMPs is through
pro-inflammatory cytokine, ROS and NO.
They play an active rolen osteophytes
formation by the release of TGF %
morphogenicproteins (BMP$, alarmins
and by modulation of boneesorption
process.

Kulkarni PAdvClinChem. 2021;100:380
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Neutrophils are recruited at the synovial
capsule and contribute to the secretion
of manycytokinesand chemokines
within synovial fluid that promote
inflammation and vascular infiltration
andinhibit chondrogenicprogenitor cell
migration. The formation of neutrophil
elastase(NE)enhancescartilage
degradation, chondrocytes apoptosis,
unbalancedsubchondralbone

remodeling,and osteophyte formation

Chaney SBiomedicines2022;10(73:1604.



