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TTPWTEOYKAUKAVEG, AAKAAIKN)
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Chemical Composition of Bone

AMOUNT IN BONE

COMPOSITION OF BONE as percentage of the
total amount in the body

Calcium 39% [ Calcium 99%
Potassium 0.2% [l Potassium 4%

Sodium 0.7% [ Sodium 35%
Magnesium 0.5% Magnesium 50%
Carbonate 9.8% [] Carbonate 80%
Phosphate 17% [] Phosphate 88%

Total inorganic

components 67%
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OocTeotTpoyoVvIKa KUTTOpO (1)

* [loAuduvaua apyeyova
MECEYXUMOATIKA KUTTAPO

e EVTOTTION: TTEPIOOTIKEC
KAl EVOOOTIKEC
ETTIQPAVEIEG
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OcTeof3AacTeG (1)

KUTTapa HecEyXUMATIKNAG apXNS
Meyd&Aog TTuprvag pe 2-3 TTuprivia

KaAd avattuyuévo adpd
EVOOTTAACMATIKO OiKTUO

KaAd avatrtuyuévo cuotnua Golgi

KuTTapoTTAaOUATIKES TTPOCEKBOAEC IO
TNV €KKPION OUCIWV ATTAPAITATWY OTN
ouvBeon ooToU Kal 00TEOEIDOUC

‘EXEI TO HOPPOAOYIKA XAPAKTNPIOTIKA
€VOG KUTTAPOU TO OTTOIO €XEI TNV
IKOVOTNTA TTPWTEIVIKNG oUuvleong
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OocTteofSAaoTES (2)

EvTOTTION: TTEPIOOTIKES KAI EVOOOTIKEG
APOPIKEC ETTIPAVEIES, TTAVTA OE OPADEC
KAl TTOTE JE TN MOPPI MEMOVWHEVWV
KUTTApWV

KUplieg Asitoupyieg OBA:

Mapaywyr) douikwyv cuoTaTikwy OO0
AofeoToTroinon

2.UvBean pUBUICTIKWY TTaPAyOVTWY TToU
ETTNPEACOUV TNV OCTIKA ATTOPPOPNON
YTT000XEIC ECWKUTTAPIWY MNXAVIKWV
onuATWV

Y1rodoxeig emipaveiag:
OpHOVWV

(PTH, Vit D, oioTpoyova)
KUTTAPOKIVWV

(e.g. TGF B, IL1, IL6, IGF)
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OocTeokuTTOpO (1)

[Mpokerral yia OBL, eykAwBIopévoug oTn
BepéNia ouaia TTou o1 idlol ouvEBeoav

[MepiBaAAovTal atTd aoBECTOTTOINKEVN
BepéNia ouaia

MeyaAUTEPOG TTUPNVAG KAl AIYOTEPO
avatrtuypévo reER kal ouotnua Golgi o€
oxéon ue Touc OBL>  Aiyotepo
OUVBETIKA evePYO KUTTAPO

Emkoivwvia e€ac@alileTal pe:
OoTiKd cwAnvapla
ATTOQUADEG OOTEOKUTTAPWYV
Gap junctions




OocTeokUTTOPAO (2)

Ta mreploocotepa (700-900/
mms3)

AgiToupyieg:
PuUBuion 16vTiwyv aoBeoTiou
Kal puwoPOpouU OTO TTAAO A

METATPOTT) HNXAVIKWV
OUVAUEWY O€ [BIOXNMIKN
dpaaoTnPEIOTNTA
OOTEOKUTTAPIKI 00TEOAUON

2.0vBeon ooToU




ETrevOuTIKO KUTTOPO

2TN MEYAAUTEPN £KTOON TWV Ol
EVOOOOTIKWYV ETTIPAVEIWV

MpoépyovTal arrd OBL T1TOU
ETayav va gival evepyoi aAAG dev
EYKAWBIoTNKAV 0€ 00TEOEIDEC

Alatnpouv TNV IKavoTnNTa
KUTTAPIKAG diaipeong

ATTOTPETTOUV TNV OCTIKNA
arroppoPnon armd Toug OCL
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Apxéyova Meoegyxupatika Kotrapa (2)

Alag@opoTroiouvTal TTPOG:
ooTeoBAAOTEC, XOVOPORAAOTEC, — T vz Eemaee
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AUZnon kal avaTmTuén ootou procactiti  waanas
Avakataokeur ooTou Cetack amta
AtrokatdoTtaon ooTou




OoTteokAdoTNnG

Osteoclasts breaking down
old bone
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OocTteokAaoTeg (1)

Mop@oAoyika
XOPOAKTNPICTIKA

2TNV WPIUN MOP®N TOUG Eival
MEYAAa o€ pEyeBoC, TTOAUTTUPN VO
KUTTapa (4-20 TTuprveq)

TITUXWTH TTApuU®n
MIKPOAQXVEG

BoBpio amroppdpnong (Howship)

EKKPITIKA KUOTIOIO
aveTrTuypévo Golgi




OocTeokAaoTeg (2)

e EvTomIon: evOOOTIKEG KAl
TTEPIOOTIKEG ETTIPAVEIEC

 [poéAeuon: TToAUdUVAUO
ApPYEYOVO JOVOTTUPNVO
KUTTAPO TOU JUEAOU TWV
00TWV(=> KOKKwWON
AEUKOKUTTOPA, JOVOKUTTAPQ)

 Kuipla AsiToupyia:
arroppoPnon ooTou, pubuion
Aeitoupyiagc OBA




sy MOPIOKA AVOTOMIKNA TNG OCTIKNG
aTTOoPPOPNONG

*  Mpéoceuon Twv OCL otnv 0O0TIKA €TIPAvEIQ
- Integrins + RDG glycoproteins of ECM
(esp osteopontin)

mePIBAAAOVTOG

, < W .
*  ZXNMATIOPOG TITUXWTAG TTAPUPNG £ -
g ekt s
f l:’ :) T F . 3
* Ailauyng Zwvn e e
* [Mapaywyn kal éEkAuon H* oto BoBpio Tou | cwur
Howship - dnuioupyia 6§ivou B
| KR AU |

*  'EKKpION YETOAANOTTPWTEQC WY,
KOAAQyovaowv, puo@aTaowyV,
KUOTEIVOTTPWTEQCWYV OTO 0Bpio

e Amodéunon Tou ooToU e i
EmavdAnyn tng idiag diadikaciag g AAAn
Béon






OBL circle of life

Commitment Proliferation Maturation Mineralization Mature bone tissue
ALP "y
CCLIA1
ALP oCN
e .
Cetrodlactogenic markers ALPLew COL1AIT ONN APOPQOSIO

COLTATLew Bep RUNX2 BSP

Transcription factors Renc2

Signaking noecules Wnt

Immature  [7H
MSC progenitor rce osteoblast osteoblast

Bone

Int. J. Mol. Sci. 2021, 22, 2851



MpoéAcuon Kal KUKAOG {wnNG TwV 00TEOBAACTWY, OCGTEOKUTTAPWY,
EMEVOUTIKWY KUTTAPWYV

Skeletal Alternate mesenchymal fates:
Stem Cell muscle, chondrocytes
(Mesenchymal) > f
|\—/
‘; /'—~> /6\ - Adipogenic Fate Vj\‘$~ e
— | » ~ \
\.-‘ \ / :

@
Osteogenic / ( . N k’) - K.I .

Adipogenic

A oW1

—» <amEmm Lining cell

P Runxz Osterix Alk Phos Osteocalcm \ ;
do b Collagent Bone Sialoprotein Apoplosis
PTHR1
Osteoblastic Preosteoblast Mature
Progenitor Osteoblast

[Prouferaﬂon Differentiation
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Janeway ans Walkey, Bone 2010
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Inactivativation of Runx2 in the Mouse

heterozvgous homozygous

Cbfa1-/-

hypoplasia ol cavicles
open fontanclle

expression in perichondrium,
osteoblasts, chondrocytes no vsicoblasts, no bone



Papachristou 2017 Activating Signals
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OCL Circle of Life

sRANKL transgerm ([Cylckine)
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JBMR, 2000; Nature, 2003



AVOKOTOOKEUN TOU OOCTOU
(Bone remodeling)

H diadikaoia TG avTIKaTaoTaong TTPOUTTAPXOVTOC 00TOU
ATTO VEOOXNMATICOMEVO OCTITN I0TO ovouadeTal
AVOKOTOOKEUN Kal ETTITEAEITAI PE TN O1AdOXIKNA
EVEPYOTTOINON TWV JNXAVIOUWY atroppo@Pnong Kal
ouvOeong ooTiTn 1I0TOU
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AVOKOTOOKEUN TOU OOCTOU
(Bone remodeling) (2)

* H avakaraokeur) ouveyietal Ka®’ 60An tn dIAPKEIA TNG
qwng

* H avakaTaoKeur YiveTal OTIC OOTIKEC ETTIPAVEIEC, O€
OIACTIAPTEG EOTIEC, Ol OTTOIEC €ival HETACU TOUC
YEWYPAPIKA KAl XPOVIKA AVEEAPTNTES

e Movadeg OoTikNG Avakataokeung (MOA) -
OBL, OCL, kal TroooTnNTa 0O0TOU TTOU £XEI UTTOOTEI
OVOKOTAOKEUN



AVOKOTOOKEUN TOU OCTOU
(Bone remodeling) (4)
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18;_4 = e MNVEG
120 150 200 Days
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e 3% Tou PAoIWdOUG 0aTOU KOl 26% TOU
oTToyywodoug avakataokeualeTal /
£TOG

e TaxUTnTa AVOKATOOKEUNG
OTTOYYWOOUGC > pAOIWOOUC =  €TTAPN
ME KUTTAPOKIVEC KOl AUENTIKOUC
TTapayovtec Tou MO
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Matsumoto et al, 2016



Note the gross differences between the spongy bone and the compact bone in
the above photo.

Do you see the trabeculae?
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Intermediate, or
interstitial, lamellae

First-generalion Second-generation Third-generation
haversian system haversian system haversian system
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Noégoc Tou Wolf




ECM and Mechanotransduction

to nucleus

ERK )
\ to nucleus
MEK
) RhO & mpia| :
Rc{f AN ) \ PKA-C
N
¥
Ras N PKA\Z‘PK."H

Francis J. Alenghat and Donald E. Ingber, Science 2002
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Rk OsteoNet

Mechanotranduction Signaling

Papachristou et al. BioEssays 2009; Papachristou et al. AOB 2009



Osteoblast

‘Dsisoclasiopenic
gones

Multinucleated
osteoclast

Papachristou et al. BioEssays 2009



Mechanotranduction in Bone

loading

v oy

non-loading

signaling < flow <— ) bolll'ne lining
ce
 rceemee VAR, ..
r
response <
\ |
osteoblast osteoid osteocyte ostecclast

Burger et al, FASEB J 1999; Kreja et al, BBRC 2008; Amir et al, Odontology 2009



Mechanical Stimulation
(other stimuli)

So0x-96 h (S) Sox-9 48 h (S)

immature cartilage
4
"' unx2 Ssgxgs 6?
5 Osx? x5,50%67
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Ld
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v replacement cartilage

persistent cartilage

Papachristou et al, HCB 2007



Xovopog
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Cartilage and Mechanical Loading
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Applications

Fracture healing

Osteogenesis
imperfecta

non- or delayed union

large bone defects -
traumatic, congenital

Osteoporosis
Cartilage repair

CELLS

*stem (adult, embryonic)
*somatic
*culture method

SCAFFOLDS SIGNALS
*natural sproliferation
*synthetic «differentiation
svascularization *drug delivery

Ohba et al, 2009



OstgoNet

T4

o

J,‘ N
s

ITANFITISTHAE
[TATPON

Cartilage
Homeostasis

Signals



£ OsteoNet

ITANFITISTHAE
[TATPON

TOREGULATION

ECM
J ?

Signals



..TEAOC 1Tou PEPOUC



Baowkec Apxec
loToAoyiac Xovopou

A. Tarayprjotov
KaBnyntng



TUtTO1 XOVOpPOU

YaAog1dng xovopoc:
* O TTIO KOIVOG TUTTOG
* KUpPiwg KoAAayovo TuTTou I

EAQOTIKOG XOVOPOG:
* €NAOTIKEC IDIOTNTEC
* KoAAayovo tuTtrou |l kal eAaoTivn

Iviwdng x6vopog:
e IOXUPOG, TOTNPIKTIKN IKAVOTNTA
e KUPIWG KoAAayovo TuTTou |
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Pra-nsterhlasts Alcelral ?

AU¢non xo6vopou:
1. ATOBETIKA (TTEPIXOVOPIO)
2. Aidueon (xovopoBAaoTeg eviog OO0)



YaAogi1dnc Xovopog

O Mo KoIvog TUTTOG

270 EuBPUO aTTOTEAEI TTAPOBIKO OKEAETO PEXPI TN OTADIOKI AVTIKATACTACK) TOU OTTO
00TO

2TOV AVOATITUCOOMEVO OKEAETO TWV PHOKPWY OOTWV TWV BNAACTIKWY BPICKETAI OTIC
ETTIPUOIAKES TTAAKEC (AUENTIKOC XOVOPOC) CUPMETEXOVTAC OTNV KATA UNKOG augnon Twv
MOKPWYV 00TWV

210 eVAAIKA ONAQOTIKA atTavTaTal o€: apBpIKES ETIPAVEIES, AVATTVEUCTIKI 000 (PIVIKO
dlappayua, Adpuyya, Tpaxeia, BpOyxoug), TTAEUPOOTEPIVIKI APBpwWan, KPOTAPOYVABIKT)
apBpwoaon



AT PON

YaAog1dnc Xovopog

20oTaon: 65% vepo, 15% TTPWTEOYAUKAVEG,
15% koAAayovo (11, 1, X), 5% xovdpokuTttapa

g -, :
' £ £ —Hyaluronic

O1 rpwTeoyAuKAvES TOU XOVOPOU Eival KUPiwg

- . s v . acid
n B€ikn XovdpoiTivn Kai n B€ikA KEpATAVN
OI TTPWTEOYAUKAVES CUVDEOVTAI [IE TO Type llcollagen—___ &, e
UAAOUpPOVIKS 08U, CUVBETOVTAG OUUTTAEYHO fioril gty n Hyaluronic
TTOU JE TN O€Ipa Tou Ba ouvdeDei ue 1o p ":.", Y . / acid

KOAAayovo

AOIKN YKUKOTTPWTEIVN XOVOPOU:

XOVOPOVEKTIVN = OUVOEETAl JE 'l rs el a - —— Chondroitin
yAukolauivoyAukdveg kal KoAAayovo I, JY /8 £ s sulfate
e€ao@aAifovtag Tn TTPOCKOAANGCN Protaoglycan
XxovdpokuTttdpou -EQO ‘ .- .
Collagen——— % 40 ™ Core
(type N) protein



[HATTON YaAoeidng Xovdpog
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[lepixovoplo

2TPWHA TTUKVOU OUVOETIKOU I0TOU
TTOU KOAUTITEI TOV UOAOEION XOVOPO
OAWV TWV TTEPIOYXWYV TOU CWHNATOG,
EKTOG ATTO TIC APOPIKES ETTIPAVEIEC

Pb&Aog: augnon (atroBeTikn) Kal
dlatripnon Xovopou

2uoTaon: KoAAayovo TuTTou |,
TTEPIXOVOPIAKOI IVOBAACTEG

v
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*looyeveic Opadeg: XovOpoKUTTPA TIOU
BpiokovTal oTo id010 [PoBOpio Kal
TTPOEPXOVTAI ATTO TO iI010 APXEYOVO/TTATPIKO
KUTTOPO
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EAaOTIKOC XOVOPOG

EvTtotri{eTal o€: TITEPUYIO WTOC,
TOiXWHA £€W AKOUOTIKOU TTOPOU,
EMYAWTTIOQ, TURMA AapuyyIKOU
XOVOpPOU, TOIXWHA EUCTAXIAVAG
OAATTIVYOG

Mapouadia TTOAUGPIBUWY OECHIdWV
OIOKAQDI(OPEVWV EAACTIKWYV IVWV
uéoa otn xovopivn ©0

s W '

EX semiyAwrridag (xpwon yia EAACTIKES iVECS)
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Chondrocytes at Newly derived Blood vessels The bone of the Blood vessels invade the
the center of the osteoblasts penetrate the shaft thickens, epiphyses and osteo-
growing cartilage cover the shaft of cartilage. New and the cartilage blasts form secondary
model enlarge the cartilage in a osteoblasts form a near each centers of ossification.
and then die as thin layer of primary ossification epiphysis is
the matrix bone. center. replaced by Articular
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Proliferating chondrocytes

FCGF18 FGFR3 BMP2 -7 “l‘— Sox§, -6, -9, Cli2, -3,
Fra2JunD

Prehypertrophic chondrocytes
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Hypertrophic chondrocytes
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Vascular invasion and replacement by bone

hondrogenic Signaling Factors
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Chondrogenesis: Signalling

Patched

R\\\\ BMP6

|GF1 Ihh
BVIEP7
L X

BMPr-1B IGFE1
Wnt3A

BMP2/4

AKlyama et al_, 2002
Baulet & Capecchi, 2004

Goldring et al., 2008 Adapted from Sandell & Adler, 1999
Zusclk et al., 2008
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Papachristou, personal files

1. Hyaline Cartilage

2.Subchondral Bone

3. Periosteum/Perichondrium

4. 5ynovial Membrane and
Capsule

5. Tendons

6.Ligaments
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Papachristou, personal files

1. Hyaline Cartilage

2.Subchondral Bone

3. Periosteum/Perichondrium

4. 5ynovial Membrane and
Capsule

5. Tendons

6.Ligaments
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STZ (10%-20%) —

(Collage I, IX)

Middle zone
(40%-80%)

Deep zone
(30%-40%)
Calcified zone

Journal of the American Academy of Orthopaedic Surgeons, 1994,;2:192-201
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HATEGN Chondrocytes: Zones
Zone 1
Zone 2
Zone 3

Papachristou, personal files
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o Cartilage Matrix Regions

IR TR

Papachristou, personal files (Safranin O stain)

Pericellular Matrix

+Signaling

*Contains mainly proteoglycans
and glycoporoteins

Territorial Matrix
*Protection against mechanical stress
*Recovery of cartilage structure

Interterritorial Matrix
*Cartilage mechanical properties
*Abundant proteoglycans

Ostgg@
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" Osteotendinous junction histology

tendon fibroblasts

fibrocartilage

mineralized
fibrocartilage

bone




Sharpey’s Fibers
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archive
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Histology of Cartilage Autoregulation

Loading and Metabolic alteratio

MMPs:
*Collagenase
*Gelatinase (#Col Il, IV and other
*Stromelysine (#protein core of ag
N

Attempt to regenerate

Papachristou DJ, 2014
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