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= specializovana pojivova tkan se souvislou ECM
= pruzna, mechanicky odolna

= avaskularni

= bez inervace

= podpora mekkych tkani (trachea, larynx)

» soucast skeletu (kostalni chrupavky)

= kloubni spojeni

» nezbytna pro rust kosti (ristoveé ploténky)



» Bunky — chondroblasty a chondrocyty

Ruist chrupavky
Produkce ECM

= Perichondrium — pojivova tkan kolem chrupavky

Vyziva a apozicni rust
chrupavky

= ECM - voda, proteoglykany a kolagenni fibrily

Konzistence
Tlakova elasticita
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e Larynx
« Trachea a bronchy

* Nos Cartege o~y — carvoges

* Kloubni povrchy S
. ’ A% , intervertebral ‘ : __— Articular
Hyalinni| « Zeberni chrupavky e N o
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Elasticka Epiglottis
« Eustachova trubice
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http://chickscope.beckman.uiuc.edu/explore/embryology/day14/dev2.html

‘\A ‘ .. ' H . " o '.
) ' L} i o J ¥l '/' : TN (
I A T . \ Tl . - A
o T : L ) J i Tibia , ,

" Ulna < : D /4
o Radius ' S . \\
e v Specimen provided by > ~
- ’,’,' Jo Ann Eurell ,.‘ y e ;s‘
Photo by Steve Rogers g
|} Perichondrium
- nejbéznejsi

Lo

C / Alni Interteritorialni matri
- docasny embryonaml skelet nterteritorialni matrix

- epifyzalni rustové ploténky
- klouby, trachea, larynx, atd.
- Isogenetické skupiny

Teritorialni matrix

Lakuny
— lzogenetické skupiny

~ | Chondrocyty




| BUNKY HYALINNI

* CHONDROBLASTY A CHONDROCYTY

« chondrogenni bunky
« v perichondriu

* puvod z mesenchymu
« vretenovite, uzké

« chondroblasty

« bazofilni

» typicka ultrastruktura
proteosynteticky aktivnich bunék

« produkce extracelularni matrix

« chondrocyty
« obklopené matrix
« chondrony, lakuny




Perichondrium " Bone

C/EBP Adipocytes

PPARy .7
7 Runx2
Mesenchymal Progenitor cell
stem cell L UK Sox9 Osteoblasts
~. Runx2

Cartilage
g COL2A
aggrecan

Chondrocytes



= Perichondrial
fibroblast

 chondrifikacni centra
« diferenciace chondroblastu
« kartogenin

> Perichondrium

=— Chondroblast

| ~ Cartilage

« apozicni rust

« z perichondria
4 Intererroriel - diferenciaci chondroblastu z
chondroprogenitorovych bunék
[ oromione + intersticialni proliferace
¥ [ matte « déleni chondrocytu
Source: Mescher AL: Jungueira’s Basic Histology: Text and Atlas, b

St Mescher L i’ st et isogenetické skupiny
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RUST HYALINNT CHRU A

[ = -— - -~ Perichondriunt = -

-~ — —

v -
-~ /. Rustapozici - 2
Vyména metabolit 4 . Chondroblasts
- Vv




PericHonorIUM.

| . - =  stratum fibrosum
M VoY, - biomechanika

stratum chondrogenicum

icakasn edigitalcollection.as
yrticleid=1426878

-



= membrana fibrosa

- husteé kolagenni vazivo

* membrana synovialis

* intima, subintima

- zahyby do kloubni dutiny

Ligament

v ’ ’ . , " s Joint cavity
- pocetni krevni a lymfaticke kapilary, nervy - (contains
- nesouvislé vrstvy buné&k (synovialocyty) e
- bazalni membrana a mezibunécné spoje chybi : -
— nejedna se o epitel ale mesenchymalni | - cartilage
pojivo | ’ Y Fibrous
- synovialni tekutina bohata na hyaluronany | capsule
- bursae synoviales, vaginae tendineum ’ l s
| WNOVIA

| membrane




ovalné — kulaté bunky, 10-30um

bohata organelova vybava, zejména RER, GA

glykogenova granula (anaerobni metabolismus)

obcCas lipidové kapénky




ULTRASTRUKTURA
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«  pericelularni kapsula
- ccabum
- slozeni podobné bazalni membrané

« teritorialni matrix

- cca 50um Siroka oblast kolem lakuny

- bazofilni

- vysoky obsah glykosaminoglykanu
(chondroitinsulfat)

. interteritorialni matrix
- bohata na kolagen Il




| 5 1. glykosaminoglykany
%::””K 2. proteoglykany
A% | I 3. vlakna

biomechanické vlastnosti



Collagen (type Il)

E"roteoglycan

Link protein ~-

Chondrocyte
(cellular HyaluronicT
component) acid

Proteoglycan aggregate Extracellular macromolecular matrix
(matrix components)




 linearni nevétvené polysacharidy tvorené opakujici se disacharidovou jednotkou:
1. N-acetylgalactosamin (GalNAc) nebo N-acetylglucosamin (GIcNAc)
2. uronova kyselina - glukuronat (GIcA) nebo iduronat.

hyaluronova kyselina

OH 1 S NH 1

i CHj In

Glucuronic Acid N-Acetyl-D-glucosamine



Glykosaminoglykan Vyskyt

Kyselina hyaluronova Pupecnik, synovialni tekutina, sklivcova tekutina,
chrupavka

Chondroitinsulfat Chrupavka, kost, rohovka, kuze, notochord, aorta

Dermatansulfat Klze, Slachy, aorta (adventicie)

Heparansulfat Aorta, plice, jatra, bazalni laminy

Keratansulfat Rohovka, chrupavka , meziobratlova ploténka

(nucleus pulposus, anulus fibrosus)

COOH o] CHOH
HO__Il 2
0O
O..
3 H/H
!
H OH H NHCOCHS3; H OH H NHCOCHj3

D-glucuronate GalNAc-4-sulfate D-galactose GlcNAc-6-sulfate



— aggrecan

— protein + prevazujici linearni sacharidova slozka

— proteoglykanove agregaty

— 100-200 molekul aggrecanu spolu kys. hyaluronovou tvori 3-4um velké
shluky

— vysoka schopnost vazat vodu

— objem zavisly na stupni hydratace

— chondronectin

— vazba chondrocytu na kolagen |l Loy | Aagrecan




« kolagen

- col Il + col IX/XI

- tenké fibrily (15-20 nm — bez zihani)

- spojeny s perichondriem

- stejny index lomu jako amorfni ECM — neni vidét

- %
o

Collagen (type II)

P
Jroteoglycan

Link protein

N

Chondrocyte
(cellular HyaluronicT
component) acid

Proteoglycan aggregate Extracellular macromolecular matrix
(matrix components)




arcHiTexTURA ECM

 pericelularni
e teritorialni
* Interteritorialni

pfenos biochemickych a biomechanickych signalu



ARCHITEKTURA EC

 tlakova elasticita
- proteoglykany — polyanionty (COO", SO,') “"**¢
- expanze omezena kolagennimi fibrilami :
- repulze

Compressive force

Subchondral bone

i’;‘s;’ T i T

S Shear at cartilag
Lateral expansion R e
of cartilage T

Subchondral bone O+a

restricts lateral
expansion i
P Compressive force

— Superficial
+ Intermediate

Collagen —

leaves
% Radiate

Calcified =

cartilage A | calcified

Bone«( :|~ Subchondal

Displacement

Time



» bifazicky model chrupavky

- podminény slozenim ECM

- proteoglykany, kolagen, elastin a bunky tvori solidni, nestlacCitelnou, ale elastickou fazi (20%)
- intersticialni tekutina ktera volné protéka matrix — fluidni faze (80%)

- pri tlakové zatézi tekutina protéka chrupavkovou matrix do ustanoveni rovnovahy

- pfi dekompresi — expanze matrix

- vyznam i pro vyzivu chrupavky

tangencialni (superficialni) zéna

Articular surfgce area

II. prechodna zona

B9 Yalg

r"'.: .
[ o o’ oy \ .= y— Surface Layer
= i S - e I
- AL Sy \/— Intermediate or
y 2 - v g . o

*a
Transitional Layer

k Deep Layer

[1l. radialni zoéna

% 8 ) Tidemark
! o }— Calcified Layer

L }_ Spongy Bone

. . 7 ) ‘a } Subchondral Bone
mineralizovana chrupavka :

subchondralni kost
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meéneé pocCetna nez vlakna kolagenni

polymer — tropoelastin

desmosin, isodesmozin

minimalni tahova pevnost, pfi pfetazeni ztrata pruznosti
redukuji hysterezi vaziva = diky své pruznosti usnadnuji
navrat vaziva do puvodniho stavu po mechanické zméné

Stretch } [ Relax
Single elastin

Cross-link
molecule

Source: Mescher AL: Junqueira’s Basic Histology: Text and Atlas,
12th Edition: hup/iviww.accessmedicine.com
Copyright @ The McGraw-Hi Il Companies, Inc. All rights reserved.
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vazivovA cHRUPAVKA

« dominantni vlaknita slozka — kolagen I a Il

* mechanicka odolnost

« minimum amorfni ECM — vlakna jsou viditelna
* podobna hustému kolagennimu vazivu

» meziobratlové ploténky, symphysis pubis,
meniscus

®






Normal femoral Damaged
cartilage cartilage
« Chrupavka — bez inervace, bez A b

vaskularizace — spontanné prakticky
neregeneruje

« Chondrocyty nemigruji do mista
poranéni

» Eroze chrupavky v dusledku dalSich
degenerativnich zmeén

Cil:
- kloubni pohyblivost

- obnova biochemickych a
biofyzikalnich parametert chrupavky

Stem Cell Research 44 (2020) 101738

Contents lists available at ScienceDirect

- autologni transplantace

Stem Cell Research

- MSCs na biokompatibilnich
scaffoldech (stale jen experimentalné)

journal homepage: www.elsevier.com/locate/scr

Human mesenchymal stem cell therapy for cartilage repair: Review on )
isolation, expansion, and constructs e

Alan T.L. Lam®, Shaul Reuveny, Steve Kah-Weng Oh

Bioprocessing Technology Institute, A*STAR (Agency for Science, Technology and Research), Singapore 138668, Singapore



SHRNUTI -
HYALINNI ELASTICKA VAZIVOVA
Slozeni ECM Col Il, agrekan Col Il, elastin, Col Il + Col |
agrekan
Bunky Chondrocyty/blasty | Chondrocyty/blasty | Chondrocyty/blasty,
fibroblasty
Usporadani Izogenetické skupiny | Jednotlivé, ob¢as ve | Jednotlivé nebo
shlucich podélné vmezerené
mezi kolagenni
vlakna
Typické Ano (kromé kloubt) | Ano Ne
perichondrium a epifyz)
Priklad vyskytu Velké chrupavky Aurikula, meatus, IVD, meniskus,
laryngu, trachea a Eustachova trubice, | symfyzy
DCD, klouby, epifyzy, | epiglottis, malé
fetalni skelet chrupavky laryngu







* Primarni (nezrala, viaknita)

« Sekundarni (zrala, lamelozni)

- Lamely — kolagenni vlakna usporadana do koncentrickych vrstev
(3-7um) obklopujici kanalek s cévami = Haverslv systém (osteon)

iy =
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Osteon —
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Haversian Canal

Osteocyte Canaliculi




« Docasna, vznika pfi ristu a regeneraci kosti; kolagenni fibrily plstovité
usporadané

* Nahrazuje ji pozdéji sekundarni kost

« Pretrvava pouze v nékterych oblastech - ploché Svy lebky, vycnélky kosti
(tuberositas ossium)




STAVBA SEKUNDARNI

Spongioézni kost
-Lamely tvofi tramce, se strukturou
podobnou kompaktni kosti
-Konce kosti (epifyzy), kratké kosti, stfedni
vrstva plochych kosti lebky (diploe)

Kompaktni kost
-Zevni a vnitfni plastové lamely, typické
Haversovy kanalky
-Volkmannovy kanalky
-Intersticialni kanalky

¥V Structure of bone.

Trabeculae
Osteoblasts
Osteoclast

Articular cartilagle

Osteocytes
Spongy bone

Epiphysis

oy

é Compact o Vol S
/" bone e Spongy (trabecular) bone

_— Periosteum ¢,

Marrow ; Circumferential
‘ 7 lamellae

cavity

Capillaries in
{aversian and |
Volkmann's 4,

canals

Secondary osteon Vado {
(Haversian system) N R M ' (N
: 2, WA
» H . v
4 ’(\ h

Concentric

Diaphvsic " — lamellae e
1apRY2L © Capillaries S Compact 3 63”08”0!.15
& © in Haversian o §
E..\i ¥ canals Coxy 3:, Compact (cortical) bone bone 4 | "‘bone5 v
Capillary in 3 - % ;( AP
4 “J“‘:) Volkmann'’s canal ’ Y
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BONE CROSS SECTION




Intersticialni lamela

Osteocyt v lakuné

Canaliculi ossium

Kapilara

Osteoblasty




* Synovialni kloub — hyalinni chrupavka

* Periost — obal z husté pojivové tkané
— Vnitfni vrstva bunék (osteoblasty), vnéjsSi — husté kolagenni vazivo
— Fibrilarni slozka je dominantni u metabolicky neaktivni kosti
— Kolagenni vlakna periostu paralelné s povrchem kosti

« Sharpeyova vilakna fixuji periost k vlastni kosti

Copyright @ The McGraw-Hill C Inc. P required for or display.

Osteons
(haversian systems)

‘ Endosteum

Periosteum

Cancellous bone
with trabeculae

canals

/‘,

Adult bone 7
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VNITRNI KOST

« Drfenova dutina
* Endost — €asto jedina vrstva plochych nebo kubickych bunék tzv. lining cells —
prekurzory osteoblastu

. Cervené, zluta nebo Seda kostni dren
» Bohata vaskularizace PERIOSTEAL

Normoblast with dividing nucleus

__ Eosinophil

Myelocyte - -
cell

QOuter surface of bone

Ernythrocyte - -~ N
" ==z Normoblasts

Red marrow Myelocyte
" dividing
- Myelocyte

Yellow marrow
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SLOZENI|I KOSTNI MA

- 60% mineralni slozka, 24% organicka slozka (osteoid) 12% H.0, 4% tuk
- Cay(P0O,), , Ca;((PO,)s(OH), (hydroxyapatit)




Collagen
- tmiple helix

=0 o | 0-PS oR-0
) O

Bone-marrow
stem cell

Extracellular
bone matrix

10.1101/cshperspect.a031229



https://dx.doi.org/10.1101%2Fcshperspect.a031229

Mineralised
bone

Secretory vesicles
with near confluent
mineralisation

Secretory vesicles

Osteoid showing early

layer - mineralisation

A Secretory v;asicles
= 7 after emerging
mﬁjﬁuﬂﬂ’U‘:ﬁﬁj}jHPTﬂﬂﬂﬁﬂﬁﬂﬂﬂﬂﬂﬂﬁﬂr
1 l
Osteoblasts )T =l e Secretory vesicles
€y | £ | ¢ ) | € in osteoblast
b [ 5.. l 4







| MINERALIZACE K




Produkce a odbouravani ECM

« kolagen (I)
« nekolagenni proteiny Architektura kostni tkané a morfologie kosti
*  proteoglykany/glykoproteiny, Metabolismus fosfat(i a vapniku

* mineralizovana matrix ;v v
Kostni dren a krvetvorba

e
-

10.13140/RG.2.2.20595.32802



http://dx.doi.org/10.13140/RG.2.2.20595.32802

| KOSTNI BUNKY -

= vnitfni bunécna vrstva periostu, Havesovych kanalkt a endost

- odvozeny z embryonalniho mesenchymu

- mitotické déleni a diferenciace do osteoblastu

- za urcitych zvlastnich podminek mohou diferencovat do chondroblastu
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| KOSTNI BUNKY - O
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KOSTNI BUNKY

(A) F-Actin Bundle (D) Matrix “Hillock™
On Cell Processes Protrusions

YV
MNi

(E) B3 Integrin On
Cell Processes

(B) Tethering Elements
Along Cell Process

(C) B1 Integrin On
Cell Bodies

10.13140/RG.2.2.20595.32802



http://dx.doi.org/10.13140/RG.2.2.20595.32802

» \ysoce specializované bunky hematopoetického puvodu
* Vzdy na povrchu kostni hmoty
* Resorpce kostni matrix
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KOSTNI BUNKY - OSTE

« Slozita cytoarchitektura

* Enzymy rozkladajici organickou matrix (osteoid)
« H'ClI—>pH~45

Secretory
Domain Osteoclast
Basolateral Sealing
Membrane Zone
Sealing
Zone
Ul

Ruffled
Border

[ostecport]
TRAP
Cathepsin K

Resorptive Pit

l:::._-.':_l,

%9000 "bone spicule

b

X3000



KOSTNI BUNKY - OS




mocnocyte/macrophages

q ) OPG cell line
osteoblast @’

: MRANKL

>

1,25[OH]2D)
glucocorticosteroids
PTH, PGEz, LPS,
histamine

IL-1 and IL-11, TNF-a

osteoclast’s
apoptosis

osteoblast

osteoclast



Desmogenni
- Uvnitf membranovych kondenzaci mesenchymu

- Zejmén a ploché kosti Cells from cranial neural crest,
somites and lateral plate mesoderm

% l % , OStBOblas'f differenti’ or

Chondrogenni i
- Nahrada hyalinni chrupavky kosti

- Membranous
Mesenchymal cell condensation ossification

Articular
cartilage

Periosteum
Perichondrium
C Growth
B 3
a 7' :-‘-'0.0'
33
| ]
| |
) ] {
i i A
] 1
) ]
==!
Mesenchymal
condensation

Chondrocyte
Primary

ossification Secondary
ossification
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| CHONDROGENNI

8 {
Metaphysis{ u 2 I, .

Y

Metaphyseal 3 ‘
artery (0

Periosteum—; | ©

L&

Nutrient artery

* Chrupavcity model

* Periostalni kostni limec

* Proliferace a hypertrofie chondroblastu
* Kalcifikace

* Vznik primdrni dfenové dutiny

* Tvorba periostdlniho pupenu

* Osifikace

o ;’,__’/ Articular cartilage

Cartilage
Secondary ossification center )
Calcified cartilage
Epiphyseal artery Bone
Reserve zone
Proliferative zone
Zone of maturation and hypertrophy
Zone of provisional calcification
Zone of ossification
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* Rezervni zéna

* Zobna proliferace

* Zdbna hypertrofické chrupavky
* Zobna kalcifikace

* Linie eroze

* Zobna osifikace
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CHONDROGENN! OSIFIKACE

Rlstovy hormon

Endocrine " y R
signals Nutrition & PP,
.............................. < //Apo
Intracellular IR | &
mechanisms

/ Paracrine
signals

: ' : Growth
I @ : plate
: Chondrocyte\ Extracellular |
: matrix e
Inflammatory Extracellular
cytokines fluid

Nature Reviews | Endocrinology



CHONDROGENNI O

sf&n%:ﬂ ‘ GH ’

wﬂ% 1GF-1
4@; (_:
Thyroid

Estrogen hormong Glucocorticoid Glucocorticaid

g

=[Fadents)

‘/__,/ ﬁ.ndn;l-gan
dr

Vitamin D

&
=2
=

Androgen —*h

Vitamin D ——p

Leptin

https://doi.orq/10.1159/000088791

Local effects on the growth plate

Proliferation of resting zone chondrocytes
Stimulates local 1GF-1 expression

Increases proliferation of resting and
proliferative chondrocytes
Increases hypertrophic cell size

Inhibits chondrocyte proliferation
Delays growth plate senescence
Induces chondrocyte apoptosis

Permissive for proliferation and differentiation

Inhibits proliferation in the proliferative zone
Accelerates growth plate senescence

Stimmulates proliferation, matrix production
Increases IGF-1 expression

Permissive for normal differentiation and
apoptosis of hypertrophic chondrocytes

Stimulates proliferation and differentiation


https://doi.org/10.1159/000088791
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|CHONDROGENN

-"- .- ‘:.".
A [ XORED f. S g2 I RS
' s . . . ° - .
RN o8 SIS 6%t 4 2o 0 10, T \ | B
e PR SRS N SRR SO U Y AT TINEUR R s -
A P et ERLL
. ;
~

.

T Epphyseal Plate. -~ <] i w2 T e Rezervni zéna

e Zona proliferace

* Zbna hypertrofické chrupavky
* Zobna kalcifikace (svétle fialova)
* Linie eroze

* Zbna osifikace (tmavé fialova)

Osifikace v rustové ploténce
je trojrozmérny fenomén




« vztah mezi biologickym vékem jedince a stupném osifikace jeho kosti
« osifikacni jadra, rozsah osifikace, Sifka epifyzarnich Stérbin

» pediatrie (endokrinologie, vyziva, metabolické poruchy)
» sportovni Iékarstvi
» forenzni lékarstvi

10 years f 14 years 53 years



. Remodelace primarni nebo stavajici sekundarni kosti
Pre-
Osteoclasts Active Pre-
Osteoclasts Mongntlldea" Usteonasts Osteoblasts
els

Osteocytes

<
B S
Resting “@ %&/
Bone

Surface Resorption Reversal Bone Formation Mineralization

http://ns.umich.edu/Releases/2005/Feb05/img/bone.jpg



| OSIFIKACE SEKU

osteoprogenitor immature mature
cell osteoblast osteoblast

osteocyte

bone
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HOJENI ZLOM

Marrow Cortical bone

Periosteum

I v e T T T T oy et [ e e o o)

/l‘-lard callus/,
remodelled

/Soft callus/™,
/ unmineralized
cartilage

P ‘\ 7 ‘x
" Haematoma Haematoma

o@ i Oteoc

mtﬁﬂe@j % O RHQ

Anabolic phase

Catabolic phase

E o Inflammatory stage

Endochondral stage

Coupled remodelling stage

Reaktivni faze

. Hematom, zanétliva reakce
. Granulacni tkan
Reparacni faze

. Vazivovy/chrupavcCity svalek
. Depozice primarni kosti
Remodelacni faze

. Remodelace kostni tkané




« OSTEOPOROZA - | « REVMATOIDNI ARTHRITIDA
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Boﬁy erosions {white ammhuds)
Joint deformities (white arrows)

« PAGETOVA CHOROBA

NORMAL BONE PAGET'S DISEASE
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Synartrézy
Spojeni vlozenou tkani (chrupavka, kost nebo vazivo) s
- Synostézy — spojeni kostni tkani — os coxae, 0os sacrum
- Synchondrézy — spojeni hyalinni chrupavkou — vyvojové stadium
osifikace synost6z o i
- Symfyza — spojeni vazivovou chrupavkou — o0s pubis,
meziobratlové ploténky

- Syndesmozy — husté kolagenni usporadané vazivo — sutury lebky;,
spojeni zubu a kostniho Iuzka (gomphosis)

fibrous
connective
tissue

Suture
line

Copyright @ The McGraw-Hill Companies. inc. P required for 1 or display.

Diartrézy ] - Bone
Bur: )
Kloubni SpOjeni - ‘. Blood vessel
. P . . Joint cavity
- Hyalinni chrupavka bez perichondria (filled with" _
- Architektura chrupavky — usporadani vliaken i chondrocytu P membranel Joint

cartilage
Tendon

sheath
Tendon
Bone

- Kalcifikace chrupavky v oblasti pfipojeni ke kosti
- Kloubni pouzdro

- Stratum fibrosum

- Stratum synoviale

— layer
Membranou
,&‘ layer

/ {Fibrous
s Periosteum

- Meniskus — vazivova chrupavka, avaskularni, bez inervace
- Kloubni vazy — husté kolagenni usporadané vazivo, elasticka vlakna
- Slachové pochvy a tihové vacky — stavba kloubniho pouzdra
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SHRNUTI

VLAKNITA (primarni)

LAMELARNI (sekundarni)

* Slabé mineralizovana
* Buriky a kolagenni vlakna
nahodné usporadané

* Paralelni lamely s pravidelné usporfadanymi bunkami

* Silné mineralizovana

* Rostouci kost
* Tvrdy kalus

SPONGIOZNI

KOMPAKTNI

* Propojené tramce
* Kryté endostem
*20%

* Vnitrni struktura kosti,
drenova dutina

* Paralelni lamely s osteony
* Intersticialni lamely
* 80%

* Kompaktni povrchova
vrstva pod periostem
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http://www.histology.med.muni.cz
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