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CARTILAGE

« Hyaline :
— Skeletal ° Hyalme
e Articular surfaces
- Costal  collagen Il
* Growth plate
— Non skeletal e aggrecan
* Larynx
e Trachea .
« Bronchus  Elastic
 Nasal
« Elastic e elastin
« Ears
» Epiglottis -
. Fibrous * Fibrous

— Skeletal




APBPIKOC XOVOPOC

« EupiokeTal oTnV EMQAVEIA TWV OOTWYV TTOU
OUMMETEXOUV OTNV Kivnon

« Eival Aeukog, YUaAIoTEPOG . el
« AmorteAeital amo xovdpokuTTapa (5% ToUu e
OyKou) kai a@Bovn egwkuTtTapia ouaia (30% ol S
TOU GUVOAIKOU BApoug) el
«  XapaKTnpileTal atrd atroudia VeUpwyV Kal ; L
ayyeiwv
« AlakpiveTal o€ dUO TTEPIOXEC
— Tnv emmmoAng

» [1\ouoia o€ koAAayévo Il (60% &.[3. Tou 1I0TOU)
— Tnv ev Tw BAbel
« [1Aouacia o€ ayypikavn (30% &.B. Tou I0TOU) Articular
-, ; i cor‘hlageS\
« EmrteAei dUO KUPIEG AEITOUPYIES \;\
— Kivnon pe undevikn 1p1BNA
*  2UMBAAAeI TO KOAAaybvo
— AvTtoxn OTIG QUVANEIG OUNTTIEONG B

> — ZUUBG)\)\%VYPIKGVQv_ o = ‘



Articular cartilage

* On the surface of bones participating in

movements
« white, lustrous | Media
« Chondrocytes occupy 5% of its volume, the ' o’
remaining being extracellular ol S
macromolecules (30% of total weight) Med

condyle
(Tibia)

|t lacks neurons and blood vessels

« It can be divided to two regions
— Surface
* Rich in collagen Il (60% of dry weight)
— Deep
* Rich in aggrecan (30% of dry weight)
Two main functions g;;‘ifgg;\
— Movement with almost zero friction \;\
* Due to collagen N

— Resistance to compressive forces
* Due to aggrecan




Elbow articular cartilage

sagittal view




ApPBPIKOC XOVOPOC

» XapakTtnpifetal atrd amouaia
— Neupwv
* Avaiofnaoia otov TTOVO
« Aduvapia avtiAnyng TPAUUATICHOU
— Ayyeiwv
* Ox1 eEKxuphwoelg

OpEwn attd 1o dIaPBPIKO uyPO

EvuddTtwon atro 1o d1apBpIkd uypo

AvuTtrapgia €1dI0pOwWTIKOU PNXavIoUoU




Articular cartilage

 Itis characterized by the absence of

— Neurons
* inability to perceive pain
* Inability to perceive injury
— Blood vessels
* No Ecchymosis/heamatoma
 Nutrition from the synovial fluid

» Hydration from the synovial fluid

» Absence of repair mechanism




KoAAayova

* Ta koAAayova atroteAouvTal atrd 3 TTOAUTTETTTIOIKES
aAucoidec o€ OAO ) HEPOG TOU PUNKOUG TOUG
« Alakpivovral o€

— Ivwdn (1, I, 1, V kai XI), TTOU dIAPOPE@UVOUV TO XWPEO TOU
I0TOU

— Mn 1vwon
o O1 TpITTAEC EANIKEC TOU KOAAOYOVOU TOTTOBETOUVTAI
YPOUMIKA O€ DIATACN KEQAANG — OUPAG Kal TTAEUPIKA
£TOI WOTE VA EUPIOKOVTAI OTNV KATAOTAON
XAMNAGTEPNG EVEPYEIAG (EMPAVES OTO NAEKTPOVIKO

MIKPOOKOTTIO)




Collagens

« Collagens consist of 3 polypeptide chains along all
or part of their length

« Two main forms exist

— Fibrillar (1, 1I, 1, V and Xl), responsible for tissue
space formation

— Non fibrillar
« Collagen triple helices are linearly arranged in a

head-to-tail arrangement and laterally so that they
are in the lowest energy state (visible in the

electron microscope)




KoAAayova

O KAGBe OUVOETIKOG I0TOC TTEPIEXEI DIAPOPETIKOUG
TUTTOUG KOAAQYOVOoU avaAoya PeE Tn AsIToupyikoTnTa
TOU

— 2ToV UOAWON Kal ToV EAACTIKO XOVOPO UTTAPXOUV Ol
Ivwoelg | kar XI kai o un ivawdng I1X
* Ta koAAayova Il kal XI cuvuttadpyouv ota idia 1vidia Kai 1o
XI kaBopicel Tn dIGUETPO TOUG
« To IX TotmoBeTeiTal OTNV ETTIPAVEIA TWV IVIBIWV Kl
OIEUKOAUVEI TIG AAANAETTIOPAOEIG KOAAQYOVWY Kal
TTPWTEOYAUKQVWV
— H augnrikn TTAGKQ TTEPIEXEI TO PN IVWOEG TUTTOU X TTOU
TTaidel pOAO OTNV TTOPEIa TG AOBECTOTTOINONG TOU
XOvOpou
— O vwdng XOvOPOG TTEPIEXEI KUPIWGS KOAAayovo TuTTOU |
(OTTWC Ol TTEPICCQTEPOI CUVOETIKOI 10TOI )

CARTILAGE COLLAGENS

Type ll Type X

Type IX

Non-fibrillar




Collagens

Each connective tissue contain different types of
collagen depending to its functions

— In hyaline and elastic cartilage there are fibrillar I
and XI and non-fibrillar 1X

— Collagens Il and Xl coexist in the same fibrils
and XI| determines their diameter

— IX is positioned on the surface of fibrils and
facilitates collagen and proteoglycan
interactions

— Growth plate contains the non-fibrillar collage of type
X that plays a role in the course of cartilage
calcification

— Fibrocartilage contains mainly type | collagen (like
most connective tissues)

CARTILAGE COLLAGENS

Type Il Type Xl
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[TpwWTEOYAUKAVEC

« ATtroteAouvTal ATTO £€VA KEVTPIKO TTPWTEIVIKO KOPUO OTOV OTI0I0
OuVvOE£OVTAI OMOIOTTOAIKA BelwpéEveS YAUKolauivoyAukaveg (CS,
DS, KS)

* EupiokovTal 0TOV ECWKUTTAPIO XWPEO OAWV TWV CUVOETIKWYV I0TWV

— Ala@épouv avaloya e 1o €id0C TOU CUVOETIKOU 1I0TOU
* O uaAwdng Kal 0 EAACTIKOC XOVOPOC TTEPIEXOUV KUPIWS (>90%)

TTPWTEOYAUKQVIKA CUUTTAOKA (TNG AyypIKAVNG)

— AAANAETTIOPA PE TO UAAOUPOVIKO OEU

— 1 aAAnAeTTidpaon oTaBEPOTTOIEITAI ATTO TH CUCEUKTIKI TTPWTEIVN

V4 /4 V4 /4 r V4




Proteoglycans

« They consist of a central core protein onto which a
number of sulphated glycosaminoglycans (CS, DS, KS)

are covalently attached
* They are present in all connective tissues’ extracellular
matrix

— They differ according to the type of connective tissue

« Hyaline and elastic cartilage contain mainly (>90%)

proteoglycan (aggrecan) aggregates

— Aggrecan interacts with hyaluronan

— The interaction is stabilized by the link protein




Collagen and Aggrecan In
cartilage ECM

a
link protein hyaluronan

collagen I1/1X/XI fibril aggrecan




[TPWTEOYAUKQAVEC

» O\ol o1 X6vdpol TTEPIEXOUV OPIOUEVEG LN CUMTTAOKOTTIOINCIUES
TTPWTEOYAUKAVEC

— OAANAETTIOPOUV HE TA IVIdIO TOU KOAAQYOVOU
* AUTEG gival ol:

— Decorin, Biglycan, Fibromodulin, Lumican
* To MEYEBOC TOUC gival HIKPOTEPO TNC AYYPIKAVNG
* [lepiExouv pia n dUo YAUKOLOMIVOYAUKQAVEC

— Eite CS

« Decorin ka1 Biglycan

— Eite KS
* Fibromodulin kai Lumican

* 270 XOVOPO UTTAPXEI ETTIONG N perlecan, pia TTPWTEOYAUKAVN TwV BACIKWY
MEUPBPAVWY TTOU TTEPIEXEI HS




Proteoglycans

« All types of cartilage contain non-aggregable proteoglycans
— they may interact with collagen fibrils
« Some members are:
— Decorin, Biglycan, Fibromodulin, Lumican
* Their size is much smaller that that of aggrecan
* They contain one or two GAG side chains
— CS
« Decorin and Biglycan
— KS
* Fibromodulin and Lumican
* Itis also present the basement membrane PG, perlecan, a HS PG
* Nothing is known about its function in the tissue




Proteoglycans

CARTILAGE PROTEOGLYCANS

ff’" "*"4‘/ Aggrecan

C s

_
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Combined Functions of Collagen Fibers
and Proteoglycans in Cartilage
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Lumican (KS)
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OpEWn TOU XOVOPOU

* H emBiwon Tou xovdpou eCapTaTal ATTO TNV
TTPOCANWN BPETTTIKWY CUCTATIKWYV

— [lpayuatotrolgital pEow NG dlAaxuong aTro 10

d10pOpIKS uypos Kal uttoonOciTal atrd TNV Kivnon Xa)‘dpwonﬁ zuprieon

* Hkivnon (emidpaon Bapoucg) ernpeadel Tig H,O
OlIA0TACEIC TNG AYYPIKAVNG KAl N ETTAvVa@opad ' -
OTNV KATAoTaOoN TNG XaAdpwaong YETA ATTO
OUMTTIEON TOU I0TOU 00nYEi oTnV €i0000 VEPOU

KAl OPETITIKWY CUOTATIKWY OTOV I0TO

— AUTOC 0 uNXavIoPOS oUNPBAAAEl OTNV ETTOUAWON
TPAUMATWY TOU I0TOU KAl EPUNVEUEI TNV ATPOYIa
TOU XOVOPOU O€ TTEPITITWOEIS AKIVNOiag




Cartilage nutrition

« Cartilage survival depends on nutrient
uptake

« It occurs through diffusion from the synovial fluid relaxation €= compression
and is aided by movement
 Movement (weight effect) affects the
dimensions of the aggrecan, and the return
to relaxation after compression leads to the
entry of water and nutrients into the tissue

 This mechanism contributes to tissue wound
healing and accounts for cartilage atrophy in
cases of immobilization




OpEWn TOU XOVOPOU

* H avtoxn TnG ayypikavng o€ OUVANEIC CUUTTIEONG CUMBAAAEI OTNV
ETIRIWON TWV XOVOPOKUTTAPWY KATW ATTO TETOIEG OUVONKEC

« Agv ugioTaTal avlekTIKOTNTA OTAV N oUVOEON UTTORANBEI o€
UTTEPBOAIKA cUUTTiEON, KABWGS Ta XOVOpOKUTTAPA
ATTEAEUBEPWIVOUV TTPWTEACES TTOU ATTOIKOOONOUV TIG
TTPWTEOYAUKAVEG KAl TO KOAAQYOVO Kal odnyouv o€
atrodlopydvwan (EKUAION) Tou I0TOU

— H duvapikn (KUKAIKR) e@apuoyr dUvapng cuuTrieong cUuuBAAAEl OTIC
BloouvBeTIKEG Digpyaaieg TOU I0TOU

— H oTtatikn spapuoyn ouva ouuTtrieonc sivail €mmidn




Cartilage nutrition

« Resistance of aggrecan to compressive forces contributes to the
survival of chondrocytes under such conditions

 When the joint is subjected to excessive compression,
chondrocytes release proteases that degrade proteoglycans and
collagen and lead to disorganization (degeneration) of the tissue

* The dynamic (cyclic) application of compressive forces contributes to the

biosynthetic processes of the tissue

« Static compression force application is detrimental




OuolooTacia Tou XOovOopou

Ta xovopokUTTapa eAEyxouv/puBuiCouv
— TNV TTapaywyn Twv CUCTATIKWV
— TNV QUOIoAOYIKN AgiIToupyia Toug oTn dIdpKela TNG (WG
Ta xovOpoKUTTaPA TTapAyOouV
— KoAAayova, TTpwTEOYAUKAVEG
—  MeTaAotTpwTedoes (KoOAayovAaoeg, CeAATIVACES, ayyPIKAVAOES, OTPWHAAUTIVEG)
Katd tTnv avarmtugn n ouveeon Twv OOUIKWY CUCTATIKWY KATEUBUVETAI OTTO
— AuénTtikoug Trapayovrteg (IGF-1, TGF-B)
H atroikoddunon Twv CUCTATIKWY KaTeUBUVETAl aTTd
— Kurttapokiveg (IL-1, TNF-a)

Algyegipouv TNV TTapaywyn TPWTEOAUTIKWY EVCUPWY
AvaoTéAAOUV Tn oUVOECT TWV OONIKWY HOKPOHOPIWwV

2.€ (PUOIOAOYIKEC OUVONKEC
— Hdpdon Twv TpwTeacwyv pubpieTal atro TNV Tapouacia Twv TIMPs

2. TTOBOAOVIKEC KATAOTACEI OIMOTTOIOUVTAI BEPATTEUTIKA YAUKOKOPTIKOEID

1 NSAIDs



Cartilage homeostasis

Chondrocytes control/regulate
— the production of the various components
— their normal functioning during life
Chondrocytes produce

— Collagens, proteoglycans
— Metalloproteases (collagenases, gelatinases, aggrecanases, stromelysins)

During development the synthesis of structural components is directed by
— Growth factors (IGF-1, TGF-[3)

Degradation of components is directed by
— Cytokines (IL-1, TNF-a)

They stimulate the production of proteolytic enzymes

They inhibit the synthesis of structural macromolecules

In normal conditions
— The activity of proteases is regulated by the presence of TIMPs

In pathological conditions, therapeutic glucocorticoids or NSAIDs are used




ApBpiTiIoa

O@eileTal Kupiwg oTn dpAon TTPWTEACWYV
— 270 apXIKA oTAdIa KATAOTPEPOVTAI Ol TIPWTEOYAUKAVEG
— 270 TEAIKO OTADIO KATAOTPEPETAI TO KOAAQYOVO

Eugavidetal ividiwon (ATakTn KatdoTaon) Kai d1aBpwaon
Ta évCupa ue TNV KUpla dpaacn givai ol
— KoAAhayovaoceg (MMP-1 kai MMP-13)
« Eival ta povadikd €viupa TTou atrolkodououUV TNV TPITTAR EAIKA
— Ayypikavaoeg (ADAMTS-4 kai ADAMTS-5)
« Apouv £CEIBIKEUPEVA OTNV AYYPIKAVN ME aTTOTEAECHA TN dIAXUOoT TNG atrd ToV
ECWKUTTAPIO XWPO
2 TNV 00TE0APOPITION (EKPUAIOTIKI) KATaoTpoPr}) Ta Eviupa TTapAyovTal
a1To Ta XOVOPOKUTTaPA



34729.avi

Arthritis

* |tis mainly due to the action of proteases
— In the initial stages, proteoglycans are destroyed
— In the final stage, collagen fibrils are destroyed

» Fibrosis (disordered state) and corrosion occur

« The enzymes with the main action are
— Collagenases (MMP-1 and MMP-13)

They are the only enzymes that degrade the collagen triple helix

— Aggrecanases (ADAMTS-4 and ADAMTS-5)

They act specifically on aggrecan resulting in its diffusion from the extracellular space

* |n osteoarthritis (degenerative disease) enzymes are produced
by chondrocytes

* Ininflammation, the enzymes also come from the cells of the
synovial fluid



34729.avi

ApBpiTiIoa

e 2& PAEYUOVWOEIC KATAOTACEIG

— Ta TToAupop@oOTTUPNVA AEUKOKUTTAPA TTAPAYOUV PIa CEXWPIOTN
KoAAayovaon (MMP-8) kai aAAec TTpwTtedoeg (kaBewivn G kal eAacTdon)

e MTTOPOUV Va OPpACOUV OTIC TTPWTEOYAUKAVEC Kal va cUhBAAAouv oTnv
KATaoTPO®r Tou XOvOpou

e 2TN peupaToEIdn apBpiTida

— Ta Bpavouara Twv JOKPOUOPIWV EVEPYOTTOIOUV AUTOAVOON ATTOKPION TWV
T-KUTTAPWYV £VIOXUOVTOC TN QAEYUOVN

e 2TIC MOAUOUATIKEC apBPITIOEC

—  O1 BakTNPIOKESG KOANQYOVACEG UTTOPOUV VA EVIOXUOOUV TNV KATAOTPO®I) TOU
I0TOU (Opouv o€ TTOAAATTAG onuEia Tou KOAAQYOVoU)

e  @aiveTal OTI

— H attwA&ia TnG ayypikavng UTTOPEI va atrokaTacTabei amrd Tov 1I0TO

KATOOTPO



Arthritis

— In inflammatory conditions

— Polymorphonuclear leukocytes produce a specific collagenase (MMP-8) and
other proteases (cathepsin G and elastase)

— they can act on proteoglycans and contribute to cartilage destruction
— In rheumatoid arthritis

— The macromolecular fragments activate an autoimmune T-cell response
enhancing inflammation

— In infectious arthritis

— Bacterial collagenases can enhance tissue destruction (they act on multiple
sites of collagen)

— It seems that

— Loss of aggrecan can be restored by the tissue

— The destruction of the collagenous network leads to irreversible destruction of
the tissue




ApBpiTiIoa

ExkpuANIoTIK apBpiTIda

AiTiohoyia: Ovopagoia vooou:
Mnxavikr Katatrovnon OcoTeoapBpiTidQ

AiTia augnuévng TTpwTEOAUONG:

1. Quoioloyikd ocuoTaTIKG — PN QuaoloAoyikn €TTIBAPUVON TOu I0TOU
(Kakr} euBuypdapuIon, TPaUUA, ETTAYYEANQ)

2. Mn @uoloAhoyikd cuoTaTIK& — PUOCIOAOYIKHA ETTIBAPUVON TOU I0TOU
(xovopoduoTrAacia, adpuaka, apbpiTida)

DAeypovwdng apbpiTida

Aitioloyia: Ovouaoia vooou:
Mikpoopyaviouog 2NTITIKA apBpiTiIda
Mikpoopyaviouog AvTIOPaOTIKI apBpiTida
AuTtoavoaia Peupatocidnc apBpitida
KpuaTtaAAol [MeAAaypa

AiTia augnuévng mpwTedAuong:

3. Avayvwpion (?) 8pauoudatwy Ko
4. Oupikd VATPIO, TTUPOPWOPOPIKO aCRECTIO (XOVOpoaoREoTwOn)




Arthritis

Degenerative arthritis

Rationale: Name of disease:
Mechanical strain Osteoarthritis

Causes of increased proteolysis:

1. Normal components — abnormal tissue burden
(misalignment, trauma, occupation)

2. Abnormal components — normal tissue burden
(chondrodysplasia, drugs, arthritis)

Inflammatory arthritis

Rationale: Name of disease:
Microorganism Septic arthritis
Microorganism Reactive arthritis
Autoimmunity Rheumatoid arthritis
Crystals Pellagra

Causes of increased proteolysis :

|dentification/Pre
4. Sodium urate, calcium pyrophosphate (chondrocalcification




ARTHRITIS
PROTEOLYTIC DEGRADATION OF CARTILAGE
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Proteinase

Link protein

Cell Collagen Aggrecan

@ Chondrocyte MMP13 ADAMTS4/5
Synovial cells MMP1 MMP3

@® Leukocytes MMP8 Elastase
Blood plasma Plasmin

@ Bacterial Clostridial collagenase Clostripain




Proteases In arthritides

Metalloproteinases

SP pro catalytic hemopexin
Loy A |
e.g. MMP-1
SP pro catalytic  disintegrin TS CysR spacer TS
ADAMTS  py . []
e.g. ADAMTS-5

ADAM SP pro catalytic disintegrin  CysR EGF T™M Oyt
e.g. ADAM17 LI — b

Serine proteinases

SP EGF Kringle catalytic
wn TLT .
CytTM  SEA CUB CUB LRP LRP LRP LRP catalytic
movprase [ T T | | [ Vi

SP Gla EGF EGF catalytic
sctiated protein € (PO B o w717/ /111

SP  pro catalytic P domain CysR ™ Cyt
propotinacomiee I //////////////////// — -
e.g. furin
SP IGFBP Kazal catalytic PDZ
HtA N7/ -

Cysteine proteinases
SP Iyti

Cathepsins = 7777 at

e.g. cathepsin K e

catalytic DIl DIv
- B (DDN) C2-like (penta-EF-hand)

Calpain

€. g. m-calpain
large catalytic  small catalytic
Caspase CARD SUUIt suut :

e.g. caspase 1 '




Molecular Changes in OA
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ADAMTS enzymes in OA

Effect of mechanical forces

| HDAC inhibitor |
Phosphorylation of
p38, ERK, INK

Ch.mdmc;,te MMP-3 Non-physiological mechanical stimuli

P I—) Runx2 ADAMTS-5

Mechanical stress

Overloading Reduced loading

\ ADAMTS-4, 9 ¢.g., traumatic, high intensity

¢.g., static, immobilisation

Col-fs \ “:lﬁ
C

Integrins DDR-2 Extracellular

00—

| MECHANICAL STRESS |
Annexin V |/ \l Ca®*

; : ; MAPK
Native Il collagen Fibronectin PS& ERK 1/2, ]\l’\

fibrils
\ c cJun  AP-1 NFxB

Caspase
COX-2 iINOS
IL-1, IL-6, IL-7, PR DN

IL-8, IL-17, IL-8, . 4
MCP-1, LIF, — — \ Cytoskeletal disruption e ’ N
OSM, TNF... FHEpabesy MAPK petusy PGE; ‘.\\%}\‘\él'l'ﬁ' NO —— ROS —> Apoptosis

— Ca? o 2™ Inflammatory
Nuclear cytokines

Ca2+ v
membrane ]

WA AlF+cyto ¢
Calpains Caspgses (+) - I n
MMP-1, MMP-3, l c”p‘.ases —> Stimulatory effect
MMP-8, MMP-13,
ADAMTS-4,
ADAMTS-5,
cathepsines

Cartilage damage

APOPTOSIS




ADAMTS enzymes in OA

Induction of aggrecan degradation by syndecan-4

O o O Cleaved

T

Active ADAMTS-5

Q ‘~

O

aggrecan

Dimerized i
SYND4 J

.?.... O 3 O 'XE i TKJCCQTX‘}Q‘OO(TAXX)OOQ. A
| i | | |

T I |
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ADAMTS enzymes in OA

Role of proinflammatory cytokines in the pathophysiology of OA

Cytokines Synovium
(IL-1B, IL-6, IL-17, TNF)

-

Proteinases

Cytokines l

Cartilage
destruction

Synovial
fibroblasts

/ ™ Subchondral bone

t ADAMTS-4
4+ Aggrecan
\+Type Il collagen | /




ADAMTS enzymes in OA

Contribution of synovial fluid to the pathophysiology of OA

oint space
+

-

Patchy synovitis

Proinflammatory mediators o~
Cytokines (IL-1, TNF, IL-6, IL-8, etc.)
MMPs, ADAMTS
‘ Bioactive lipids (PGE2, LTB4, etc.)

Osteophyte | Neuropeptides
> 4 ' NO
: Synovium  Adipokines

YROVIUI ™ Visfatin/NAMPT, etc.)
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ADAMTS enzymes in OA

Mechanisms responsible for the development of OA

_ Bone & . -
Bursae —i Svnovial Cartilage Extracellular matrix synthesis
| ynovia homeostasis
membrane

(collagen Il, aggrecan)
Blood : program . E /

Joint
vessel 2
cavnty

Articular

A h
chondrocyte MOpIADY

Nerve
Synovial

Collagen X

> Joint ~ VEGF Cartilage
capsule @NTL —e3p Hypertrophy =3 MMP-13 e AL

MMP-3  degradation

: damage
cartilage program

v

N Cartilage
Articular T
RUNX2 Syndecan IV

Biomechanical injury RelA NF-kB
Inflammation signaling ADAMTSS5

Aging activation




ADAMTS enzymes in OA / RA

A Rheumatoid arthritis
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Leptin In OA
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Leptin In OA

Apoptosis
Obesity (low grade inflammatory status Phenotype loss
+
Mechanical overload (stretching stress,
Adipocyte compression,
- shearing stress)

R »
®Quiation of bone mass -

Cross-talk Tl Chondrocyte

Macrophage

Osteoarthritis
* Resistin induces OA when injected into mice knee joint.
_Not modified in RA « Visfatin increases levels of MMPs and PGE2

* Decreased resistin serum levels after anti-TNF treatment * Visfatin increases levels of pro-inflammatory

citokines

0 hrit
* Decreased levels of AdipoQ in synovial fluid versus serum. * Leptin expression in cartilage increases with severity of OA
 AdipoQ increases levels of NOS 2 * Leptin increase levels of NOS 2 (synergism with IFN-yand IL 1)

* AdipoQ increases levels of MMPs 3-9, IL 6 and MCP1 * Leptin increases levels of MMPs 9-13
* Leptin increase levels of IGF-1 and TGFB

Bheumatoid arthritis * Increased levels of leptin in synovial fluid versus serum

¢ Increased levels of AdipoQ in RA * Leptin increases levels IL 8

* AdipoQ induces IL 6 and MMP-1 by synovial fibroblast Bheumatoid arthritis

* Increased levels of AdipoQ after anti-TNF treatments * Leptin levels T | = with or without correlation with CRP and IL 6
* AdipoQ mitigates CIA in mice * Leptin increases levels of IL 8

¢ Increased levels in RA




COX kal apBpitidoa

H @Aeypovr} TNG ouvdeong o€ OAEC TIC HOPYEC TNG apBPITIOAC OXETICETAI UE
auénuévn Tapaywyr] COX-2 (cyclooxygenase-2)

— WG amékpion otn dIEyeEpon Twv dIAPOPIKWV KUTTAPWY OTTO KUTTAPOKIVEG
AkoAouBei n TTapaywyn TTPOoTayAAvVOIVWV TTOU TTPOKOAOUV TA XOPOKTNPIOTIKA
NG PAEYHOVNG
H COX-2 mrapdyeTal amrd Ta XovOopokUTTapa Kal aTn un eAeypovwon OA

—  OMQIAEYONEVOC 0 POANOC TNG

H avtipAeypovwdng dpdon Twv NSAIDs ogeiletal otnv avaoToArn Tng COX-2

— [lapouacialovtal aveTTiOUPNTES TTAPEVEPYEIEG AOYW TNG avaoToAng kai Tng COX-1




COX and arthritis

Joint inflammation in all forms of arthritis is associated with
Increased production of COX-2 (cyclooxygenase-2)
— in response to the stimulation of skeletal cells by cytokines

This is followed by the production of prostaglandins that cause the
characteristics of inflammation

COX-2 is produced by chondrocytes in non-inflammatory OA as well
— itsrole is controversial

The anti-inflammatory effect of NSAIDs is due to the inhibition of
6{0),C

— Undesirable side effects occur due to inhibition of COX-1 as well

Specific COX-2 inhibitors are being sought



MeTaBoAIkoi OEIKTEC TOU XOVOPOU

* BioouvBeon * KataBoAIouog
e C-mrpoTremTIdIO TOU * KS (ayypikavn)
KoAAayovou |l « COMP
* CS-veoemitommog g « AIOOTAUPOUPEVOI BETHOT TWV
ayypikavng TEAOTTETTITIOIWY TOU KOAAayovou Il

* NeoeTtritotrol Tou KoAAayovou I
o@EINOuEVOI OTN dpaon
KOAAayovaong




Metabolic biomarkers of cartilage

* Blosynthesis » Catabolism
« Collagen Il C- « KS (aggrecan)
propeptide « COMP
* CS-neoepitope of « Cross-links of collagen I
aggrecan telopeptides

» Collagen Il neoepitopes due to
collagenase activity




Metabolic biomarkers of cartilage

Biomarkers related to collagen metabolism

C-terminal telopeptide of collagen type Il (CTX-II)

Type |l collagen a chains collagenase neoepitope (a-CTX-Il)
Type |l collagen propeptides (PIINP, PIIANP, PIIBNP, PIICP, CPII)
Pyridinoline and Glc-Gal-PYD

Type |l collagen cleavage product (C2C)

Collagen type ll-specific neoepitope (C2M)

C-terminal telopeptide of collagen type | (CTX-1,a-CTX-I)
N-terminal telopeptide of collagen type | (NTX-I)
Aminoterminal propeptide of collagen type | (PINP)

Types | and Il collagen cleavage neoepitope (C1,C2)

vV vV vV v Vv vV vV VvV Vv v

Biomarkers related to aggrecan metabolism
» Core protein fragments (aggrecan neoepitopes, ARGS and FFGV fragments)




Metabolic biomarkers of cartilage

Biomarkers related to other non-collagenous proteins

» Cartilage oligomeric matrix proteins (COMP and its deamidated form D-COMP)
> Fibulin (peptides of fibulin 3, Fib3-1, Fib3-2)

» Follistatin-like protein 1 (FSTL-1)

» Hyaluronan (hyaluronic acid)

» Matrix metalloproteinases (MMP-1, MMP-3, MMP-9, MMP-13 and TIMPs)

» YKL-40 (cartilage glycoprotein 39)

» Soluble receptor for advanced glycation endproducts (SRAGE)

Biomarkers related to other processes

» Inflammatory biomarkers: hs-CRP, IL-1B and IL-6 and COX-2

» Factors indicating fibrosis and complement proteins

» Adipokines (adiponectin, leptin, visfatin)

» Soluble receptor for leptin (sOB-Rb)

» Cellular interactions in bone (periostin)

» Wnt inhibitors (DKKs and SOST)

» Uric acid COMP, cartilage oligomeric protein; COX-2, cyclo-oxygenase-2; Glc-Gal-PYD, glucosyl—
galactosyl—pyridinoline; hs-CRP, high sensitivity C reactive protein; IL, interleukin; MMP, matrix

sclerostin; TIMP, tissue inhibitor of matrix metalloproteinase




Emoiopbwaon Tou xovopou

o AuTo-emdIOpOwaon dev ugioTaral

* Av n ANy KATATEPVEI KAl TO 0OTO TTAPATNPEITAI AUTO-ETTIOIOPOWON £C AITIOC TNG
Kivong KUTTAPWYV TOU MUEAOU TwV OOTWV Kal TNG dIapopoTToinong Toug o€
XOVOPOKUTTOPA

— Eivai n Baon yia 1n xeipoupyikn Bepartreia

e AAAN TTNYR KUTTAPWV (TTOU BIaPOPOTTOIOUVTAl O€ XOVOPOKUTTOPA) Eival TO
TTEPIOOTED (EMPUTEUPATA TTEPIOCTEOU)

— [podkerral yia Tnv TTAEOV EAeyXOMEVN BepaTTeia

*  AMNAEC TEXVIKEC eapuOlouv XOVOPOKUTTAPA ) XOVOPO (XOVOPIKA EUPUTEUUATA)

— Ta xovdpokuTTapa Aappavovtal atrd xovopo N ETTeITa atrd dla@opoTroinon BAACTIKWY
KUTTAPWYV PJUEAOU TV 00TWV

— XpnolyoTrolouvTal eNRATITIOPEVA o€ TEXVNTH BEPEAIa ouaia (KOAAaYOVo, UOAOUPOVIKO
0o¢U, QINTTPIVN, CUVOETIKA TTOAUMEPN) Hadi JE AUENTIKOUG TTAPAYOVTEG
* Oa BonBrioouv Tn oUVBECT TWV EEWKUTTAPIWY CUCTATIKWY
* Oa BonBrioouv Tn diaTriPNCN TOU PAIVOTUTTIOU TWV XOVOPOKUTTAPWYV




Self-repair of cartilage

« Self-repair does not exist

 If the bone is also broken down, there is a self-repair due to
bone marrow cells and their differentiation into
chondrocytes
— This is the basis for surgical treatment

« Another source of cells (that can differentiate to
chondrocytes) is the periosteum (periosteum implants)
— This is the most controlled treatment

« Other technigues use chondrocytes or cartilage (chondral
Implants)
— Chondrocytes are obtained from cartilage or after differentiation of bone
marrow stem cells

— They are used immersed in an artificial extracellular matrix (collagen,
hyaluronic acid, fibrin, synthetic polymers) together with growth factors

* They wil
« All systems require attention to maintain tissue ¢



XOoVOPOOUCTPOYIEC

*  EAattwpartikn Asitoupyia Tng augnTikng TTAAKAG KATaAfyel o€ duoTTAacia Tou XOvopou
*  EAaTTwATIKA AgITOUpyia TOU apBpIkou XOvOPOouU KATAARYEI O TTPWIUN 00TEOAPOPITIOA (OIKOYEVHG VOO OG)

XOVOPOOUOTIAQTIEC
E¢wkuTtapia KuTtTtapika
Covidio AoBéveia ovidio AoBéveia
Achondrogenesis type Il Achondroplasia
Hypochondrogenesis FGFRS3 Hypochondroplasia
COL2A1 Spondyloepiphyseal dysplasia Thanatophoric dysplasia type |
Kniest dysplasia Thanatophoric dysplasia type Il
Stickler dysplasia
Familial osteoarthritis PTHrPR Jansen metaphyseal dysplasia
SOX9 Campomelic dysplasia
COL9A2 Multiple epiphyseal dysplasia type I SHOX Chondrodysosteosis
COL11A2 Stickler dysplasia (no eye)
COL10A1 Schmid metaphyseal dysplasia Diastrophic dysplasia
DTDST Atelosteogenesis type I
COMP Pseudoachondroplasia Achondrogenesis type IB

Perlecan Dyssegmental dysplasia
Schwartz-Jampel syndrome EXT1/2 Heredi




Chondrodystrophies

« Defective function of the growth plate results in cartilage dysplasia
« Defective function of articular cartilage results in early osteoarthritis (familial disease)

COL2A1

COL9A2
COL11A2
COL10A1

COMP

Perlecan

Chondrodysplasias

Extracellular Cellular
Disease Gene Disease
Achondrogenesis type Il Achondroplasia
Hypochondrogenesis FGFRS3 Hypochondroplasia
Spondyloepiphyseal dysplasia Thanatophoric dysplasia type |
Kniest dysplasia Thanatophoric dysplasia type Il
Stickler dysplasia
Familial osteoarthritis PTHrPR Jansen metaphyseal dysplasia
SOX9 Campomelic dysplasia
Multiple epiphyseal dysplasia type Il SHOX Chondrodysosteosis
Stickler dysplasia (no eye)
Schmid metaphyseal dysplasia Diastrophic dysplasia
DTDST Atelosteogenesis type
Pseudoachondroplasia Achondrogenesis type IB

Dyssegmental dysplasia
Schwartz-Jampel syndrome EXT1/2 Heredi



Intervertebral disc

SAMIgfca'spiméanty N LY

Intervertebral Disc Anatomy

nucleus
© 2008 Nucleus Medical Art. All Rights Reserved. @ T o c a0 A+
e,

R



17834.avi

MeoooTTovOUAIOC OIOKOC

O TTUPNVIKOG TTOAQOG HOoIAlel OOUIKA PE TOV apBpPIKO XOVOPO
O vwdng diokog gival Ivwdng Xovopog (dOMIKA polalel e OUVOECO)

H kAN Tou diokou gival n 1o ouvnBiouévn TTAGNoN
@¢epaTtreveTal

— Me evéoelg TTPWTEOAUTIKOU evCUOU

« €10IKOU yIa TNV aTToIKOOOUNON TNG TTPWTEOYAUKAVNG Kal OXI TOU KOAAayOvou
— Me evéoeig 6{ovTog

* VIO TNV EVEPYOTTOINON KUTTAPOKIVWY KAl KAT ETTEKTACH EIOIKWYV TTPWTEACWV

Nerve
-
Cartilagen
_— Pulposus
Fibrous

Annulus
Fibrosus

Normal Herniated
«Swelling of NP *Swelling of NP

resisted by AF causes protrusion

Chemonucleolysis of weakened AF
*Chymopapain
injection into N
*Dest eoglycan
lagen intact
welling



17834.avi
22758.avi

Intervertebral disc

Nuclear pulposus is structurally similar to articular cartilage
Annulus fibrosus is fibrocartilage (structurally similar to a ligament)

Disc herniation is the most common condition

It is being treated
« With proteolytic enzyme injections
« specific for the degradation of proteoglycan and not collagen
« With ozone injections
« for the activation of cytokines and by extension specific proteases

Cartilagenous
. ~Nucleus
» __—" Pulposus T 1
P -

Fibrous
Annulus
Fibrosus

Normal Herniated
-Swellin? of NP *Swelling of NP

resisted by AF causes protrusion

Chemonucleolysis of weakened AF
*Chymopapain

injection into NP

*Destroys proteoglycan

*Leaves collagen intact

*Relieves swelling
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EK@UAION TOU OIOKOU

ATTWAEIO TWV ECWKUTTAPIWY CUCTATIKWY Kal aduvapia
AVATTANPWONG TOUG
Eival ouvnBiouévo gaivopevo NS TpiTNS NAIKIAg
[ToAAoi TTapayovTeC cuuBAaAAouy

— MikpOG apIBuOC KUTTAPWY

— Avuttapgia aigatwong (XapnAog pubuog BpEwng)

—  ATTWAEIO TWV KUTTAPWY TNG VWTOXOPONS KATA TNV AVATITULN

—EKIVA A1TO TOV TTUPNVIKO TTOAQPO (ATTWAEIA TTPWTEOYAUKQAVWYV) KAl




Disc degeneration

« Loss of extracellular components and inability to replenish them
e Itis a common phenomenon of old age

« Many factors contribute

— Small number of cells
— Absence of blood circulation (low rate of nutrition)

— Loss of notochord cells during development

« Begins at the nucleus pulposus (leading to loss of proteoglycans)

and continues outward




MnVIOKOG

Femur (Thighbone)
—— Femur

(thighbone)

Patella

. Meniscus

e

———Articular

cartiiage

Meniscus
B~ Blood

vessals
Tibia (Shinbone)
Fibula

« Eival ivwdng xovopog
* H kevrtpikn TTEPIOXN TOU (€10IKA OTOV EVNAIKA) €ival UaAWONC
XOVOPOG
— AUTO VIaTi EKEi ETTIOEXETAI TIC MEYOAUTEPEC DUVAUEIC CUMTTIECNC
* H xovOpo<IdNG auTr) METATTAQCIO CUMBAIVEI KAl O€ TEVOVTEG

R AR vv"v"



Meniscus

Femur (Thighbone)

—— Famur

Patella (thighbone)

. Meniscus

e

Tibia (Shinbone)
Fibula

 Itis a fibrocartilage

 Its central region (especially in adults) is hyaline cartilage

— Because it is subjected to the greatest compressive forces
« This cartilaginous metaplasia also occurs in tendons

R AR vv"v"



MnVIOKOG

MENISCUS

"Cartilagenous” +Stabilizer

+Load transmitter

Fibrous

I
I
I
I
I
I
I
|
[ [
I
I

W Longitudinal /
Meniscus VS| tear N I

/' | Oblique || T | = I I
| tear LN\ = — Total MENISECTOMY Partial
< — *Cartilagenous central body in adult meniscus

*Probably as a response to compression
Radial tear *Similar phenomenon in tendons

Left knee joint

* Metd ammd unviokekToun (€10IKA OTAV TTPOKEITAI VIO
oAIKN) aucavetal n moavoTnTa JeTeyxelpNTIKAS OA

: | —



Meniscus

MENISCUS

+Stabilizer
+Load transmitter

Fibrous

Meniscus

/' | Oblique || T il —= . "
tear LN\ = — Total MENISECTOMY Partial
< — *Cartilagenous central body in adult meniscus

*Probably as a response to compression
Radial tear *Similar phenomenon in tendons

Left knee joint

« After meniscectomy (especially when it is total), the
possibility of postoperative OA increases

: | —



O2TA

e XapaktnpifovTal w¢g
— [lMpwipa

* Ovopdlovral Ivwdn (fibrous) A otToyywdn (spongy) ooTd, TTEPIEXOUV
KOAAayovouxa Ividla dIaTpEXoVTa TOV XWPEO TTPOC OAEG TIC KATEUBUVOEIG
— Qpiua
e 2xNuatidovTal atro Ta TTPWIPA ETTEITA ATTO TNV AVATTIAACT TOUG KAl

ovoudadlovTtal TToAuTTETaAa (lamellar), kaBwg avaTrTTuooovVTal G€ OTPWHATA JE
TTAPAAANAO TTPOCAVATOMCUO TWV KOAAQYOVWY TOUG

* AUO JOpPYEG dIaKpivovTal
— Aokidwrta (trabecular)  oToyywdn (cancellous)
* Me xaAapr] apxITEKTOVIKA oM a@ivovTag OIAKEVA KAAUTITOPEVA ATTO MUEAD

— ®Aoiwdn (cortical) ootd

« Eivail o o@ixtd otnv opyavwon Pe HovadiKO KEVO OTO KEVTPO OTTOU
EUPIOKETAI O JUEAGG KAl T QIJOPOPA ayyeia

 Ta @Aoiwdn ooTd YapaktnpiovTal atro JeyaAn 1I0xU Kal
AVvOEKTIKOTNTA
 Ta 0oKIOWTA 00TA Eival EAAPPA KAl OXETIKA EUKAUTITA

TTOCO U



OoTta (ouoTaon)

« Kurttapa (2%)
« ECwkutTdploc xwpocg (98%)
— Nepd (10%)
— Avopyava cuoTaTikG (70%)
» Kupiwg udpotuataTitng
— Opyavikd ouoTaTika (20%)
» KoAAhayovo (90%)
* [pwrteoyAukavec (1%) (kupiwg decorin and biglycan)

* [lpwTt€Eiveg Kal YAUKOTTPWTEIVEG (9%), OTTWEC PUCPOTTPWTEIVES
(OOTEOVEKTIVN), OIOAOTTPWTEIVEC (0OTEOTTOVTIVN), Y-KAPBOEU-




Haversian Trabeculae

OaoTta (doun)

o XapakTnpifovTal wG ETEPOYEV OTNV OpyAvwaon Kal diakpivovTal
OIAPOPETIKEG DOUIKES TTEPIOXES
—  [lep16OTED (ECWTEPIKN ETTIPAVEIQ)
*  Ta kOTTAPA TOU CUPPBAAAOUV TNV KATA TTAGTOG AVATITUEN TOU 0OTOU
—  ®Aoiwdeg 00TO
—  AoKIdWTO 00TO (ECWTEPIKO PEPOG) Bons. Cancelcia
— EvO460TED (KUTTAPIKO OTPWHA OTNV ECWTEPIKNA ETTIPAVEIQ)
* Ta 6oKIdWTA Kal Ta pAoIWdN 00TA atroTeEAOUVTAI ATTO aCBECTOTTOINUEVA TTETOAO JEOO OTO
OTTOia EVTOTTICOVTAI OOTEOKUTTAPA
— Ta ooTeokUTTOPA CUVOEOVTAI PE DIKTUO PN AoBECTOTTOINUEVWY CWANVioKwV (canaliculi)
*  2Ta @AoIWdN 00TA Ol cwAnviokol ocuvdEovTal Pe Toug XaBepalavoug diauAoug (Haversian
canals) 61Tou aveupiokovTal Ta OCTEIVA QYYEia.
[Upw atrod Ta aipoPopa ayyeia evrotriCovral dAKTUAION TTOAUTTETAAOU 00TOU, TTOU
oxnuati¢ouv 10 XaBepaiavd cuoTnua
«  O1 XaBepoiavoi diauAol kivouvTal TTapdAAnAa Tou Ggova Tou ooToU Kal dnuioupyouvTal Katd
TNV avarmrAacon Tou ooToU

 Ta ayyeia dlatrepvouv 10 00TO ATTO TO TTEPIOOTEO WG TNV KOIAOTNTA TOU PHUEAOU PECW TWV
dlauAwyv Tou Volkmann

O1 emQAVEIEG TWV OCTWV KAAUTITOVTAI e KUTTAPA

' E@nouxalovTa (Vv UTTVWOEl) OOTIKG KUTTOP

— OoTeoBAdoTEG UTTEUBUVOUG YIa TN dNMIoupyia véou ooTou
— OoTeokAdOTEG UTTEUBUVOUG YIa TV avapPOPnon ToU 00ToU




OoTta (BpEwn)

* Ta ooTd TTapaAauBdavouv OAa Ta CUCTATIKA ATTO TO EKTETANEVO AYYEIOKO TOUG
ouoTnua
— Av auTO JIOKOTTEI Ta KUTTAPA TAXUTATA VEKPWVOVTAI
* Ta OpeTTIKG OUCTATIKA KIVOUVTAI TTPOG TA OOTEOKUTTAPA MECW TWV
OWANVIOKWYV dlaxedueva atrd Toug XaRepalavoug diauAoug
* H pon d¢ev cival 1ID1aiTepa uwnAn
— Ta ooteokuTTapa TrPETel va atrExouv 0,1-0,2 mm atrd aigopopo ayyeio
*  2& TTEPITITWOEIC KATAYMATWY JIAKOTITETAI N KUKAOPOPIa TOU aigaTog oTa
TPAUMATIOPEVA AyYEIa KAl TA YEITOVIKA TOUC OOTEOKUTTAPA VEKPWVOVTAI
— AuTO onpaivel 0TI éva pooXeupa atrd GAOIWOES 0aTO gival EVag VEKPOGS 1I0TOG
— TEtola JoOoxeUUATA €ival XPrOINa wg OTNPIKTIKA, AAAG KUPiwG yIaTi TTEPIEXOUV

au¢NTIKOUG TTAPAYOVTEG TTOU UTTOKIVOUV TNV avappo@non Tou o0Tou KAl TO
oXnNMUaTIoPO VEOoU 00TOU

00TOU KOTOANYEI OE OOTEOVEKPWON




OoTeOOUVOETIKA KUTTAPO

2.TO WPINO 00TO

— Ta o0TEOTTPOYOVIKA KUTTAPO UTTAPXOUV OTO
TTEPIOOTED

— Ta BAAOTIKA KUTTAPO OTO HUEAO TWV OCTWV
Ta 0OTEOTTPOYOVIKA KUTTAPA dIapOPOTTOIoUVTAl
(kaBopileTal atrd TO TTEPIBAAAOV)
— €iTe o€ 00TEOPAAOTEC
e  OTIG TTEPIOXEG ME KAAN pOr AiaTog

Stromal stem cell, marrow

— €&iTE 0€ XOovOpOoKUTTAPQ floroblasts
- ’ e s endaotnelial cells
* OTIG TTEPIOXEG ME PTWXN PON AINATOG / \ adipocytes
ETo1 egnyouvTal
— N ETTOUAWON KATAYUATWY OTTOU CUVUTTAPXEI OOTITNG ‘
Kall XOVOPIKOG I0TOG hypertrophic

chondrocyte

— N XPnon MOOXEUMATWY TTEPIOOTEOU VIO TNV
emOIOPOwOonN Tou XOvOpou

OarTeokUTTapa ovopalovTal ol 00TEOBAACTEG TTOU TTAYIOEUTNKAY OTO
aoBaoTonompsvo Kal EUpioKOVTaI O KATAOTOON £Pnouxacuou

OoTéiva KUTTapa ovouadovTal 0l 00TEORAGCTES TTOU EVTOTTI(OVTAl OTNV ETTIPAVEI
TOU 00TOU

Ta 0OTEOKUTTAPA KA TA OCTEVA KUTTO OO OEV. CUMMPETEXOUV QTOV ETTI TTAEOV
OXNUOATIONO TOU 00TOU




OoT1eoavappo@PnTIKa KUTTOPO

O1 00TEOKAAOTEC TTPOEPXOVTAI ATTO TNV WPIhAvVoN (Pluripotent hematopoietic stem cell
TTOAUOUVOUWYV BAACTIKWY KUTTAPWY TOU (romaere o)
QIMOTOTTOINTIKOU CUCTAMATOG /\

AuTd B1aQOPOTIOIOUVTAl OE TIPOYOVIKG HOVOKUTTApa (A o “‘—{“—'“'
€PUOPOKUTTAPA, KOKKIWDN, AEUPOKUTTAPA, (osteoclast)
MEYOKAPUOKUTTAPA)

AuTa d1aQOPOTTOIOUVTAI OE TTPOMOVOKUTTAPA ) TTIPOOOTEOKAAOTEG

O1 TTPOOCTEOKAACTEC JETAKIVOUVTAI TTPOC TNV ETTIPAVEIA TWV OOKIOWTWYV 00TWV (MECW
TOU JueAoU) | oTa pAoIwdN 00TA (MECW TWV AYYEIWV)

O1 wpIhol 00TEOKAAOTEG TTPOEPXOVTAl ATTO oUVTNEN 5-10 TTPOOOTEOKAQOTWYV

— 2Xnuarti¢eTal €va yIyavTio TTOAUTTUPNVO KUTTAPO

O1 00TEOKAACTEC €ival UTTEUBUVOI VIO TNV avappOPnon Tou 00TOU TTOU OXETICETAI UE TO
OXNMATIoPO, TNV avatrAaacn Kal TNV TTaboAoyia Twv 00Twv

: | —



OaoTIKN avappopnon

H ooTikl avappo@non TTPayUATOTTOIEITAlI OTNV
ETTIPAVEIA TWV OOTEOKAAOTWYV VINERAL REMOVAL
AAANAETTIOPWVTAG PE TO CUCTATIKA TOU L
aoBe0TOTTOINUEVOU EEWKUTTAPIOU XWPOU "
— H ouvdeon Twv 00TEOKAQOTWY ETTITUYXAVETAI HE
TNV AAANAETTIOpAON NECW IVTEYKPIVWOV | L
To OpUKTO UAIKO OIGAUTOTTOIEITAI UTTO TNV in Soluton
ETTIOPAON 0EE0G e 5 o S
— 2XnMari¢eTal evOOKUTTAPIA aTTO OI0EEIDIO TOU
avBpaka atrd Tn dpacn TNG KAPBOVIKNG
avudpdong
H diaAuTtoTtroinon Twv CUuoTATIKWY
ETTITUYXAVETAI PE TNV ETTIOPACN EKKPIVOUEVWV
AucoowpaTIKWV evUpwy (T1.X. KaBewivn K),

OpaoTikwv oeogivopH -~ =

COF—HyCO—— H*+HCO; |




MeuRBpavikn avaTmTucn ooTwy

« 2NV guPpuikn (wn Ta 00TA TOU Kpaviou oxnuaTtiovral
UE MEMPBPAVIKA OOTEOTTOINON
— [lpayuatoTroleiTal o€ TTEPIOXEG METEYXUMATIKOU 1I0TOU PE
KOAN aigayyeiwon
e 2NV TTOPEia TNG AvATITUCNS TOU OpYyaVIOUOU
MEUPBPAVIKI) OOTEOTTOINON TTPAYUATOTTOIEITAI
— 2Ta OnMEia Twv pa@wy ToU Kpaviou

— Z7IC £yyUC TOU TTEPIOCTEOU TIEPIOXEC OAWV TWV OOTHIV 33:553535?
« Xapaktnpiletal attdé TNV dueon d1aPopPOTToinon TwV
OO TEOTTPOYOVIKWY KUTTAPWY 0 00TEOBAACTEG Osteoid)
— TMopayouv 0CGTEOEIDEC TTOU GTN CUVEXEID
« AoBeoToTrOIEiTAl Lameuarﬂ;:r:on and reformation

*  AvatrAdBeTal woTe va dNUIOUPYNOEl WPIPO 00TO

e




EvOoxovOopIkn avaTiTu¢cn ooTwY

[TpayMaTOTTOIEITAI OTA PAKPIA OCTA

early

chondroblasts perichondrium

Growth plate
Chondrocytes | < pmpe

Matrix synthesis

Cartilage

Chondrocyte hypertrophy
Matrix calcification

Calcified cartilage

Vascular invasion
Osteoblast recruitment

Calcification

Woven bone

Resorption and reformation

Lamellar bone

primitive developing
mesenchyme cartilage model

developing
bone collar

periosteum

cortical
bone

secondary
(epiphysial) /
ossification '\

center

primary (diaphysial) bony
ossification center trabeculae




AucnTIKN TTAOKO
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epiphyseal ossification center = ': .:i ': PROLIFERATIVE
o ZONE

resting > . O .
zone ® & @ ZONE OF
= = 5 =9 | MATURATION
proliferative
Zone

hypertrophic p = ~— '"| UPPER
. zone S = [0~/ {4 | HYPERTROPHIC
: )¢ — NN ZONE

ossifying (@) .:',' LOWER
cartilage g *| HYPERTROPHIC
- | ZONE

Calcification of cartlage
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Acf3eoToTToinon

Eival n Katakpruvion @uwo@opIikou acBeCTiou OTn Jop@ry TOu udPOLUATTATITN

— [Mpokerrar yia adidAuTto GAag TToU KAaTakpnuvileTal autopaTta OTav TO YIVOPEVO TwV
OUYKEVTPWOEWYV TWV EAEUBEPWV IOVTWV UTTEPPEI TN OTABEPA YIVOUEVOU
OI0AUTOTNTAG MINERALIZATICN

ca* Pot
Ol un aoBECTOTTOIOUHEVOI IOTOI TTEPIEXOUV EIOIKOUC OVAOTOAEIC
(TTUPOPWOCPOPIKA) ] ATTOONKEUOUV TA YWOPOPIKA OE OPYAVIK HopYN ["nmnmnc-us calcium
O1 aoeoToTroIOUMEVOI I0TOI OIABETOUV E1I0IKOUC UNXAVICHOUC Yia TNV augnon
TNG CUYKEVTPWONG TWV IOVTWYV

—  Ta TTupo@woPopIKa dIaCTTWVTAI ATTO AAKAAIKI) @WOPATACT, N OTToIx
ATTEAEUBEPWVEI PWOPOPIKA KAl ATTO TA PO POAITTIOIN

|' Crystalline hydroxyapatits ‘l

\ Cayy (PO, LICH), Y,
2TA OTTOYYWwOn 00TA (Woven bone) Kal OTOV UTTEPTPOPIKO XOVOPO N (Crystargrown)
aoBeoTtotroinon utroonBeital atmd eCWKUTTAPIA KUOTIOIO rnbited by pyrephosphats

— [paypartoTrolgital oTa KEVA TwV KOAAayovoUXwV IVIBiwv

270 WPINA O0TA TTPAYMATOTTOIEITAI OTA JIAKEVA TWV KOAAQYOVOUXWV IVIQiwV
KAl ETTEKTEIVETAI OTO XWPO METALU YEITOVIKWYV IVIQIWV WOTE VA a0BECTOTTOINOEI

OAOKANPOG 0 ECWKUTTAPIOG XWPOG



ECcwKkuTtTapIia KUaTIOIO

AnuioupyouvTal atrd UTTEPTPOPIKA XOVOPOKUTTAPA KOl 0OOTEORBAACTEC
Kal CEPEUYOUV ATTO TNV TTAQOUATIKI) TOUG MENBPAVN

— [Mpokerrar yia TNy (MITOXOVOPIAKOU) ACBECTIOU KAl YLOPOPIKWYV

(@wo@OoMITTIdIO TNG TTAAOUATIKNG MEMNBPAVNG)

— [epiExouv aAkaAikr) uwo@aTaon
Aev gival yvwoTO av gival ol EKKIVNTES TNG A0RECTOTTOINONG ) AV
OUMBAAANOUV JOVO OTN GUVEXIOT) TNG
Ta ewo@oAitidia Tlavov va dpouv we BETEIC TTUpNVOTTIOINONG YIa
TNV Evapén TNG avaTrTu¢ng udpoguaTtraritn

2TNV augnTikr TTAAKQ o1 BECEIC TTUPNVOTTOINONG EUPICKOVTAI JAKPAV
TWV KUOTIOIWV




PuBuioTéC TNC aoBeoToTToinoNng

\ |

Hydroxyapatite *

" iy

Mucleus P v




Mop@oTtroinon TwV 00TWYV

» [lpokertal yia TNV aAAayr oTo OXrMa Kal 0TO YEYEBOC £VOC
00TOoU PE ouvduaoud OXNUATICPOU Kal avappo®nong
* AvagépeTal o€
— Au¢non katd TAGTog TNG d1AQUONG OTA HAKPA KUAIVOPIKA
00TA Kal JeyEBuUvON TNG KOIAGTNTAG TOU JUEAOU TWV OO TWV
—  ZXNUOTIONOG TWV AKPWY TWV JOKPWY OCTWYV KAl JETATPOTTN
TNG XWVOEIOOUG NETAPUONG O€ KUAIVOPIKA diaguon

— Mey£Buvon Tou Kpaviakou B0Aou

O oxnuaTtiopdg Kal N avappoenaon TTPAYMATOTTOIOUVTAl O€
OIAPOPETIKA oNUEIa aveEAPTNTA JETACU TOUC
. . . . . BONE MODELING
— Agv utTapxEl I00PPOTTIA, YIATI OTOXOG €ival n aAAayr aTo R - Ooteobias
oxAMa Kai N ad€énon TnNG ooTIKAG palag katd Tn SiIdpKEIa TNG ‘ ; L= 2 — Osteoid
GV(XTTTU&I’]Q 2 Cement line

—— Bone lamella
——— Osteocyte

* H avamrtugn Tou ooToU YyiveTal uE pNXaviouo TTpooBnkng
— NE£o 00TO TTPOCTIOETAI OTNV ETTIPAVEIA UTTAPXOVTOG OOTOU

* Hdidueon avamrtugn (n avaTtrtugn Tou £EWKUTTAPIOU
XWPEOU atrd povn TnG), OTTwg cuuPaivel oTo XOVOPo,

, . Osteoclast




AvATTAaon TwV 00TWYV

[Mpayuartotroleital kaB' OAn Tn dIAPKEIQ TNG

Activation T
CwNg T

—  MeTaTpéTTeTal TO OTTOYYWOEG OOTO OF

S Y ST Y B =

Resting Phase

TTOAUTTETOAO 00TO

— T[iveral n ouvTtpnon Twv 00TWV

* 2710 QUOIOAOYIKO evAAIKa avatTAdBeTal ~3% Twv
PAOIWBWYV 00TWV Kal ~25% Twv 00TIKWYV SOoKidwv
ava €106

[lpayuaroTrolgiTal e TNV TAUTOXPOVN Kal BONE REMODELING (Trabecular Bone)

Marrow Howships lacunae

eviotroINuévn dpacn 0oTEOBAACTWY Kal
ooTeokAaoTwyv (bone remodeling unit rj bone
multicellular unit)

[MapdyeTal 00TO OTN HOPPN TTETAAIWY APoU N
QVATTAQCT TTPAYUATOTTOIEITAI OTPWMATIKA

270 PUCIOAOYIKO eVAAIKQ d qvém)\aog oev

aAAOCIWVEI TNV OOTIK HAla N TO oXNua

Old bane

Resorption

A\
..Qﬁgf.—;

Reversal Phase

-()‘Giago‘) /

Formation

BONE REMODELING UNITS (CORTICAL BONE)

Cutting core  Reversal zone Closing cone

Osteoblasts Bone lining cells

Osteoprogenitor cells

Osteoclasts

Completed
Haversian System

Resorption Cavity




‘EAgyx0G TNG 0OTIKNG avATTAQONG

PTH
Vitamin D

COUPLING

Osteoprotegetin

Osteoclast _,./-

Osteoblast
Bone lining cell

ollagenase
Cathepsin K Stromelysin

Bone




AoBEvelIEC TOU OOTIKOU OXNUATIOUOU

*  Ooteomépwon
—  HuiteAng dpdon ooteoAACTWV
— Auénuévn ooTIKA avappopnon
*  Ymdpxouv dUO LOPPEC
— Tumou |
*  AmmwAcia 3-5% o0oTIKAG palag Kat £T0G
— Tutrou Il (yEpOVTIKNA)
*  AmwAeia 0,3-0,5% o0oTIKAG adag Kat’ €106
« AteAAG ooTeoyévean (osteogenesis imperfecta)
— MeTtdAAagn ota yovidia Tou KoAAayovou |
*  YTTapxouv dUO PHOPYEG
— Tumou |
*  Meiwpévn Tapaywyr) eualoAoyIKoUu KOAAayovou
— Tumou
*  Mn @uaoloAoyikr) apXITEKTOVIKH (Un QUOIOAOYIKOU) KOAayOvou
* 2KOpPouTto
— 'EM\ewyn Birapivng C
*  EANTTAG Tapaywyn udpogu-Auaivng oTo KoOAAayoévo
* Ivwdng duaTtrAacia
—  2TTOPABIKEG HETAAAAEEIS OTIC G TTPWTEIVES TWV 00TEOBAACTIKWY TTPOOPOUWY




ACOEVEIEC TNC OCTIKNG avappopnong

Disorder

BONE RESORPTION DISORDERS

Cause

Resorption

*Osteopetrosis

Defective precursor differentiation (fos)
Defective osteoclast maturation (src)
Defective carbonic anhydrase
Defective chloride channels (CIC-7)

*Pycnodysostosis

Defective cathepsin K

*Osteoporosis

Decrease in sex hormone (type |)
Glucocorticoids
Hyperparathyroidism

- = = — — &

*Paget

Viral infection?

haphazard

*FEO

RANK mutation

1

*Hyperostosis

Osteoprotegerin mutation

(é’

Normal, healthy bone|

"’(

"

Osteoporotic bone

EEREE

Decreased
bone formation

}

WOMEN
Estrogen
deficiency

MEN
Estrogen,
testosterone
deficiency

Remadeling
imbalance

N

4 Intestinal frenal

Ca transport

Skeletal
actions

.l. g

[ 1)
Secondary

hyperparathyroidism

v

N

Increased bone
resorption

\\@)r/

BOME LOSS

| Dietary
Caleium &
Vitamin D




AEIKTEC TOU OOTIKOU JETOAROAICUOU

@ Bone Formation Markers
Alkaline phosphatase
Type | collagen propeptides
Osteocalcin

® Bone Resorption Markers
Acid phosphatase
Hydroxyproline
Pyridinoline cross-links
Type | collagen telopeptide cross-links




OuolooTacia aocpeoTiou

* [lapaBupeoeldc opuodvN
— ATtreAeuBepwvetal o€ XaunAd acBECTIO aipaTog
— Algyeipel TNV OOTIKI avappopnon
— TlNapeptrodilel TN VEQPPIKI ATTEKKPION a0BEOTiOU
— Aleyeipel TN ouvBeon KaAoITPIOANG
*  KaAaitpioAn (1,25-diOH-vit. D)
— TlNapaAapBaveral atro TPoPES TTAoUCIEC O€ BiTauivn D
 H25-OH o1o fmrap
* H 1-OH oT1oug veppoug
— Algyeipel TRV OOTIKA avappopnon
— AIgyEipel TRV EVTEPIKN ATTOPPOPNON acPeaTiou

« KaAoitoviv

— AvaoTEANAEl TV OOTIKN



[TapaBupeocidnc opuovn

* Ta etrireda aoBeoTiou oto TTAGoua puBuiovtal atro Tnv PTH
— H mapaywyn tnG dieyeipeTal amrod xaunAo aoBEoTIO
— H mapaywyn NG KataoTEAAETAI ATTO UWPNAO QOBECTIO
* H kUpla AsiToupyia TNG €ival N augnon aceaTiou oToVv 0PO
— Mé€ow TnG 00TIKNAG avappoPnong
— Mé€ow TNG TTapePTTOdIONG ATTEKKPIONG TOU ATTO TOUG VEQPOUGS

— Meratpémovtag Tn Birapivn D 010 dpaoTikKG PETABOAITN TNG TTOU EVIOKUEI
TNV ATTOPPOPNON ACBECTIOU ATTO TO EVTEPO

« H PTH digyeipel
— To oXnNUATIONO OOTEOKAACTWYV
— Tnv TTapaywyr AUCOCWUATIKWY EVCUNWY
— Tnv TTapaywyn KapPovikng avudpacng
 H diéyepon gival Euean, agou ol uttodoxeic TNG PTH evroTridovral
OTOUC 00TEOPBAACTEC KAl OXI OTOUG OOTEOKAAOTEC

r 1 4 r
Ul U110 OPIOY U OYRKO U

1V U

H TTPWTEIVN P TT0U TTOPA
TOUG utTodoxeic PTH kat€ival uTreut ‘
EVTOTTICETAI OTIC KAKONOEIES




Bitauivn D

H Birapivn D dev epgavilel oppovikn dpaon
— YOpocuAiwveTal Kal JeTaTpeTTeTal otnv 1,25-diudpoufitapivn D
(KaACITPIOAN)
* atrd €I10IKEC UOPOCUAACES
H dpaoTtikotnTa TG 1-udpoLUAACNC OTOUG VEPPOUG
evioxuetal atrd Tnv PTH kail xaunAd etitreda aoBeoTiou

O dpaaTIKOC METARBOAITNG
— YTIOKIVEI TOV OCTIKO OXNMATIOMO
* Aucavovtag Tn d100e0IuOTNTA ACBECTIOU KAl GUOQOPIKWV
— 2UMMETEXEI QUECA OTNV OCTIKI avappoPnon
« EVEPYOTTOIWVTAG TOUG OOTEOKAQOTEG




KaAaiTovivn

« Agv gival yvwoTn N uaoloAoyikr 0paon TNG
* [lapayeTal amrd Tov BupeoEidn

* AvrtiBeta atd 11 PTH Kail KOAOITPIOAN
— Opa AUECA OTOUG OOTEOKAQOTEG TTOU (PEPOUV UTTODOXEIC TNG
— QAVOOTEAAEI TV OCTIKI avappopnon
* MeiwvovTag Tov aplBud Twv 00TEOKAQAOTWY
 H avappopnon Tou ooToU dev eTTNPEAlETAI
— O€ KapKivo Tou Bupeoeidn
* aug¢nuévn TTapaywyn KaAoitovivng
— 0€ BupeoclIdeKTOUN
* MEIWMEVN TTAPAYWYI) KAACITOVIVNG
»  QPappakoAoylkEC OOOEIC KAATITOVIVNG UTTOPOUV VA KATACTEIAOUV TNV
TTaBoAoyik avappdpnon Tou ooTou




ACOEVEIEC TNC 0OBECTOTTOINONG

« OoTeopaAakuvon
— EAaTTWuATIKA aoBeoTOTTOiNGON TOU OOTEOEIOOUG
* ‘ENeiyn owo@odpou ) acBeoTiou
e 2Ta TTaIOIA OI EAAEIYEIC AUTEC eTTNPEACOUV TNV ACBECTOTIOINCN OTNV
augnTIKN TTAGKA (PaXiTIC)
* O1 a06éveieg gival TaxuTaTEC 1] OXI
— 2€ ENe1yn aoBeaTiou eugavietal TaxuTaTn €CEAIEN
* H ootk avappdéenon dieyeipeTal atmd Tnv Tapayouevn PTH
— 2€ ENNEIYPN QUOPOPIKWYV e@aviCeTal apyn €CEAICN
* H paxitic ouvdéeTal e EAAeIpn o€ Bitapivn D

— AOYyW PEIWHEVNGS ATTOPPOPNONG OOBECTIOU £C auTiag dIATPOPNG PTWXNG O€
Birapivn D

— NAOYyw eAATTWMATIKAG UOPOCUAIWGONG TNG PiTapivng D
*  H ummopwao@artaiyikn PaxiTiC oPEiAETAlI € PYEIWPEVN ETTAVAPPOPNON TWV

H utropwo@atacia opeileTar o€ BAG



AcOeveEIEC TNC aoBeCTOTTOINCNG

Problem

1 Calcium
(high turnover)

| Phosphate
(low turnover)

RICKETS

Cause

Ca deficiency in diet

Vitamin D deficiency in diet

1,25 diOH Vitamin D deficiency
(1 hydroxylase defect)

Organ resistance to Vitamin D
(receptor defect)

PO, deficiency in diet

Impaired kidney reabsorption
(FGF-23 defect)

Impaired kidney reabsorption
(PEX defect)

Organ availability

(alkaline phosphatase defect)

Disorder

Dietary rickets
VDDR
VDD-1, pseudo VDDR (PDDR})

VDD-2, VDRR (hypocalcemic)

Dietary rickets

Autosomal dominant
hypophosphatemia

X-linked hypophosphatemia

Hypophosphatasia
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