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SOUCASNA KLASIFIKACE ZAKLADNICH TYPU _

Na zakladé morfologickych a funkénich znak

Epitelova

Svalova

Nervova

Pojivova

Kontinualni, avaskularni vrstvy bunék s riznou funkci,
orientovanych do volného prostoru, se specifickymi
mezibunécnymi spoji a minimem mezibunécného
prostoru a ECM

Derivaty vSech tfi zarodecnych listl

‘ Obsahuji myofibrily = schopnost kontrakce

Derivat mezodermu - KS, myokard, mezenchymu - HS

MmN Neurony a neuroglie
! PFijem a pfenos elektrického vzruchu
a® Derivat ektodermu

| Dominantni pfitomnost extracelularni matrix

Vazivo, chrupavka, kost, tukova tkan

my Derivat zejména mezenchymu



POJIVOVA TKAK A JEJI FUNKCE s

Funkce pojivovych tkani je podminéna jejich biologickymi, fyzikalnimi a
chemickymi vlastnostmi

Collagen Nerve Adipose cells Elastin  Macrophage

« Spojovani ostatnich tkani Capillary

« Kompartmentalizace

« QOpora

 Zajisténi vhodného
fyzikalniho a chemického

prostredi

* Imunologicka podpora

 Uchovavani zasobnich latel

Eosinophil

« Homeostaza a regenerace

 Molekularni interakce Fibroblast

Ground substance
Neutrophils

From Williarms PL, ed: Gray's anatomy: the anatomical basis of clinical praclice, ed 38, Edinburgh, 1995, Churchill Livingstone.



OBECNE SLOZENI POJIVOVYCH TKANI _

VSechny tkané vCetné pojivovych jsou slozeny z bunék a mezibunééné hmoty

Bunky pojivové tkane

Trvalé a prechodné bunécné populace

fibroblasty/myofibroblasty

buriky imunitniho systému
fagocytujici buriky

adipocyty

adultni kmenové bunky
specializované bunky chrupavky
(chondroblasty/chondrocyty)
specializované bunky kostni

(osteoblasty/osteocyty/osteoklasty)

Mezibunécna hmota

Fibrilarni komponenta (vlaknita slozka)

« kolagenni

« retikularni

« elasticka

* Interfibrilarni (amorfni) komponenta
(zakladni hmota amorfni)

— komplexni matrix slozena z glykoproteint a
proteoglykant

— konkrétni slozeni zavisi na konkrétnim typu

tkané (vazivo x chrupavka x kost)



OBECNA KLASIFIKACE POJIVOVYCH TKANI

Embryonalni pojivova tkan

* Mezenchym
« Rosolovita pojivova tkan (Whartonav rosol)

Pojivova tkan v dospélém organismu
- Ridké kolagenni vazivo (areolarmni, intersticiélm’)é Vlastni pojivova tkan
i + Husté kolagenni neusporadané vazivo

i« Husté kolagenni uspofadané vazivo :

. * Elasticke vazivo i +Specializovana pojivova tkar
: *» Retikularni vazivo

i« Tukova tkan

i « Chrupavka

i « Kost

* Krev a hematopoeticka tkan Troficka pojivova tkan (télni tekutiny)
« Lymfaticka tkan



KLASIFIKACE VAZIVA B

Mezenchym
Embryonalni
Rosolovité
Ridké
Vazivo kolagenni
Neusporadané
Husté
kolagenni
Adultni. Usporadané
Retikularni
Specializované Tukové

Elastickeé



EMBRYONALNi MEZENCHYM s

« trilaminarni zarodecny disk
* Fidka nediferencovana tkan mezi zarodeCnymi listy
« prostorova sit hvézdicovitych nebo vietenovitych bunék
* rosolovita zakladni amorfni hmota
« diferenciace do dalSich tkani
— vazivo, hladka svalovina, cévy...
« epitelialné-mesenchymalni interakce ve vyvoji organu ' iRt

Hensen's node  primitive streak

) endoderm
4 g cells  displacing
hvooblast

http://www.mun.ca/biology/desmid/brian/BIOL3530/DB _Ch02/DBNModel.html



http://www.mun.ca/biology/desmid/brian/BIOL3530/DB_Ch02/DBNModel.html

EMBRYONALNI MEZENGHYM A PUVOD POJIVOVE TKANE

Hensen's node  primitive streak

epiblast

!
‘0' oy Ry
> a0
L)

B endoderm
migrating cells  displacing
hvpoblast




APLIKACE MSCs

Multiple sources Large-scale production

MSCs
Hair
follicles
Testh Plastic
adherence
Liver Blood
Adipose
tissue Bone Fast growth
marrow
Muscle
Synovia
Rapidly
expanded
Amniotic

Umbilical
cord

4 Joe— fluid
Do express CD73, CD90 and CD105

Do not express CD45, CD34, CD14 or
CD11b, CD79a or CD19 and HLA-DR

Placenta

Multilineage differentiation

Adipocyte

Chondrocyte
X X
Osteocyte

»

Neuron

> 4

Pleiotropic effects

MSC

\/_\//\,\,\1

&) 2% © ® @

MN |[3(‘, Tre g Tcell Beceell NK

Inmmunomodulatory

IENy 1142
1110 TNFa

Anti-inflammatory

TGFB, VEGF, IGF1
bFGF, GM-CSF, HGF o >+ T
TRAIL, STC1, SFRP2

Anti-apoptotic
A KGF, bFGF

TF, TIMP
’ ’
z HGF, MMP

Anti-fibrotic
VEGF, TGFB, bFGF

IL6, IGF1, MCP1
EPO, CXCL12, MIP

Angiogenic

Clinical application
7o)
g7

[} i v
oIk () \
b > NSO

i
—

\
§

Neurological damage

by SN
Cardiac ischemia

Diabetes

LT
Skin problem

https://doi.org/10.3389/fbioe.2020.00043
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OBECNE SLOZENI VAZIVA

Bunky

Fixni bunky
- Fibroblasty/fibrocyty/myofibroblasty
- Retikularni buriky
- Tukové bunky
- Pigmentové bunky
- Nediferencované multipotentni bunky

Migrujici bunky (bloudivé)

- Makrofagy pojivove tkané = histiocyty
- Plazmatické buriky
- Lymfocyty, granulocyty

- Heparinocyty +

Extracelularni matrix

- VIaknita (fibrilarni) slozka
- Zakladni amorfni hmota



FIBROBLAST

'f.:{' ’l/”":l’”ii; M
NIH/3T3 Mouse Embryo Gl

Fibroblast

e ‘.“ R ..' Y
N
S\ \&us- _\‘a a}":.:}i':"

o Zakladni burika vaziva
e Produkce ECM — dominantni ER

bone cell cartilage cell
(osteoblast/osteocyte) (chondrocyte)

« Migrace
* Rdzné tkané obsahuiji fibroblasty s

riznymi biologickymi vlastnostmi

* (Trans)diferenciace

smooth muscle cell

* Myofibroblasty N



FIBROBLAST

1) Protrusion of the Leading Edge

HL-60 cell
mCherry - utrophin FITC - cc

2) Adhesion at the Leading Edge

cortex under tension

L.
'

s

new actin
new adhesion

movement of unpolymerized actin

Deadhesion at the Trailing Edge

3) Movement of the Cell Body
direction of cell body movement




FIBROBLAST

B R N gl

» e

R s R TR TP o

A Osepr

I S

A eyt _

i PR AT
y RN

O SR e

Source: Mescher AL: Junqueira's Basic Histology: Text and Atas,
12th Ediion: hitp:/ www.accessmedicine.com

Conyrioht @ The NoBiier-1il Comnlad: ac: All fokts resirvail:

https://www.sciencephoto.com/media/1232046/view/fibroblast-tem



CELLS OF CONNECTIVE TISSUE PROPER

DOI: 10.1038/nrm809

<> Focal adhesion site

R Cortical cytoplasmic actins
- Cytoplasmic actins

—— a-Smooth muscle actin

—~_~ Fibronectin

Myofibroblasts

* Features of fibroblasts and smooth muscle cells
» Contractile cellular structures composed of actin m"‘a(
microfilaments and myosin Vi

* Wound closure and healing

TGF-p1
ED-A fibronectin
Mechanical tension

Nature Reviews | Molecular Cell Biology



http://dx.doi.org/10.1038/nrm809
https://doi.org/10.1164/ajrccm.161.5.9903102

CELLS OF CONNECTIVE TISSUE PROPER

DOI: 10.1038/nrm809

<> Focal adhesion site

R Cortical cytoplasmic actins
- Cytoplasmic actins

—— a-Smooth muscle actin

—~_~ Fibronectin

Myofibroblasts

* Features of fibroblasts and smooth muscle cells
» Contractile cellular structures composed of actin m"‘a(
microfilaments and myosin Vi

* Wound closure and healing

TGF-p1
ED-A fibronectin
Mechanical tension

Nature Reviews | Molecular Cell Biology
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https://doi.org/10.1164/ajrccm.161.5.9903102

CELLS OF CONNECTIVE TISSUE P

Macrophages

» Histiocytes

» Derived from circulating monocytes
(monocyte-macrophage mononuclear system)

« Phagocytosis

* Immunomodulation



CELLS OF CONNECTIVE TISSUE PROPER

Mast cells

» Large, oval, 20-30um
« Similar to other leukocytes with
granules, but it is tissue resident

« Granules
— heparin
— histamine
— serine proteases (inflammation
regulators)
— eosinophil and neutrophil
chemoattractants

— leukotriens

* Perivascular and mucosal mast cells

* Mediators of immediate hypersensitivity reaction



CELLS OF CONNECTIVE TISSUE PROPER

Plasma cells
» Large, ovoid cells

« derived from B-lymphocytes
» Basophilic cytoplasm — RER
» Clockface nucleus (alternating heterochromatin and euchromatin)
* Produce antibodies (immunoglobulins)
« Short lifespan (10-20 days)

https://vaV\.li;;'. ot i\ gé*/hls‘tbpé@é/hi\‘éége.hfm




MEZENCHYMALNI KMENOVE BURKY

* Mezenchymalni kmenové (stromalni) bunky jsou zdrojem mnoha bunék pritomnych v
pojivech

Endaothelial
cells

Undifferentiated
mesenchymal cells

Fibroblast -

Adipocyte

Osteocyte Osteoblasts Chondrocytes Chondroblast (fat cell)

Source: Mescher AL: Junqueira’s Basic Histology: Text and Atlas,
12th Edition: htp://www.accessmedicine.com

Copyright & The McGraw-Hill Companies, Inc. All rights ressrved.



MEZENCHYMALNI KMENOVE BURKY

. Mezenchymalnl kmenove bunky majl vyznam pro tkanové inzenyrstvi

Progenitor
Pool

Angiog Osteogene5|s Chondrogenesus Adipogenesis  Myogenesis
e ‘\ e \
-
/ j '
< /
VEGF — Wnt/LRP5/6 = TGFB-BMPs —» C/EBPR — MRFs =
BMP-2 = Whnts — C/EBPS —> MEF2 —»
QOSX =—> Sox9 —> PPARY =—>
PDGF —{ N-Cadherin —’ GiEarg =~
EGF— PDGF —|
J » o ) ==
Endothelial Osteoblast Chondrocyt Adipocyte Myocyte

cells



DERIVATIVES OF MESENCHYME

Mesenchymal stem (stromal) cells

Breast Milk

Mesenchymal Stem Dermis
Cells
Wharton's Jelly O Endometrium

Dental Pulp

« Mesenchymal stem cells are different in different tissues



MESENCHYMAL STEM CELLS — CLINIC

A Components of Lipoaspirate

— Discard
P |
= «J ~ou—"
= ~Adipose Tissue—
—
158 |- Infranatant
= Blood & Lecal Ansesthenic )/ Collagenase Digestion
e 3 & Centrifugation
~SVF Pellet 4
o —.
<y Pericytes
B  Components of Adipose Tissue + CD140b", CD146°, NG2*

= (D31,CD34, (D144, vWF

O Adipocytes

~®> Adipose Derived Stem Cells
+CD13, D29, CD34", CD44", C090", CO104a°
= CD14, D31, CD45, CD106, CD144
2 D146, aSMA

&=P Pre-Adipocytes

Endothelial & Progenitor Cells
+ (031, CD34°, CD90", CD1467, VWE*
= (D45

Haematopoetic Cells
* Monocytes/Macrophages

Tissue Culture Cell-Assisted Lipotransfer

DOI:



POTENTIAL APPLICATIONS OF MESENCHYMA

Multiple sources Large-scale production Multilineage differentiation Pleiotropic effects Clinical application
MSCs MSC
Hair =
follicles & e ® ® ®
Teeth Plastic MN iDC Tre g Tcell Beceell NK
adherence
Adipocyte Inmmunomodulatory
: TGFB 4
Liver Blood . IDO iNOS
) IENy 1142
Adipose IL10 TNFa
tissue Bone Fast growth -
marrow Chondrocyte Anti-inflammatory
Muscle A\
TGFB, VEGF, IGF1
X-x bFGF, GM-CSF, HGF, (@ )>®(%&
Synovia D TRAIL, STC1, SFRP2
Rapidly X S .
expanded Osteocyte Anti-apoptotic Cardiac ischemia
»
A KGF, bFGF
L) A TF, TIMP
. - HGF, MMP
Neuron Anti-fibrotic Diabetes
Amniotic
Umbilical “ fluid /
cord e e Py VEGF, TGFB, bFGF
Do express CD73, CD90 and CD105 -

A IL6, IGF1, MCP1
D ' - Z \ ]
Do not express CD45, CD34, CD14 or / EPO, CXCL12, MIF

CD11b, CD79a or CD19 and HLA-DR X A RS A
Myocyte Angiogenic Skin problem

Placenta

https://doi.org/10.3389/fbic



https://doi.org/10.3389/fbioe.2020.00043

MEZIBUNECNA HMOTA B

Mezibunécna hmota (ECM) = viakna + zakladni amorfni hmota

Mesenchymal_f

cell

Collagen
fibers ﬁ
\

Blood
vessel

Macrophage

\ -
\\

Collagen

Ground
substance

Extracellular
matrix

Adipocyte
(fat cell)

Adobe Stock | #337648542




ECM OF CONNECTIVETISSUEPROPER

Extracellular matrix

Reticular : A S / 3 oo,
fibers H A ﬁ Mast cell
Melanocyte e (e /) Boo,2ks )
5 RN ; y \ /77— Elastic
Fixad ; S\ = TR fibers
macrophage s > =7
Free

Fibrous component Pasma ol %

{ J¥ , macrophage
P
”{ Collagen

. i ‘ ¢ fibers
Collagen fibers (e.g. col. I, 1) o Q '
« Reticular SA
« Elastic ripebi N
2 Mesenchymal

: Zo N\ cell
Amorphous component (ground _ Ground &) Lymphooyte
substance) v,

Complex matrix consisting of
» Glycosaminoglycans
» Glycoproteins

* Proteoglycans




ECM

Slozeni ECM urcuje vlastnosti pojivové tkané

Extracelularni hmotu pojiv produkuji fibroblasty (chondrocyty, osteoblasty).
Schopnost produkovat ECM v rizné podobé a sloZeni maji ale i jiné buriky naseho téla
(napf. epitelové a svalové buriky tvofici bazalni laminy).



MEZIBUNECNA HMOTA

Viaknita slozka

Mesenchymal
cell

Collagen
fibers

Elastic
fibers

Blood
vessel
Collagen Macrophage
Ground Adipocyte

(fat cell)

substance

Extracellular
matrix

Adobe Stock | #337648542




MEZIBUNEGNA HMOTA — FIBRILARNI KOMPONENTY POJIVA

Kolagenni vlakna — kolagen |

skupina fibrilarnich proteint kddovanych >35 geny
polymer — podjednotka = tropokolagen; trojita Sroubovice
rizné strukturni a mechanické vlastnosti (tuhost, pruznost, tloustka...)

nejhojnéjsi protein lidského téla (az 30% suché hmotnosti)

-
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MEZIBUNEGNA HMOTA - SYNTEZAKOLAGENU

« Polyribozomy se vazi na RER a syntetizuji peptidové fetézce al a a2 (cca 250 AA, 28kDa)

Gly
al N Structure of alpha chalns %
* V RER dochazi k posttranslacni modifikaci (hydroxylace prolinu a lysinu — kofaktor vitamin C)

Retézce tvofi trojitou Sroubovici - prokolagen

mRNA | Translation of mMRNA into amino acid
YV VVVWN sequence by ribosomes

Transcription —RIbOSOme

£ INF i _;‘ ¢ 1 » &
Hydroxyproline z;’;le‘bA @ *‘"“‘““’—7 | P& | Transfer RNA ((RNA) - amino acid complexes
Amino acid triple sequence { Proline template @ P —___ 72 ?étsﬁle‘nnt?enbosome in specific. trans|ation
G[vcine: ;‘ 6‘) )
Q - 3 Growing;polypeptide Intramolecular bond between «,

chain ;
and a, chains

o -—;%\\ “:; < \“@, “\;,_Q%M After exocytosis, procollagen
e tidase outside cell cleaves
S peptida :
. : : /a “"3 "3* ﬁ "}‘* nonhelical domains of
Inside the fibroblast: for type | collagen, two «; and one @2 Section of procollagen unit procollagen to form
a, chains unite in a triple helix to form procollagen. tropocollagen.

* V GA je prokolagen dale modifikovan a sekretovan z bunky



MEZIBUNECNA HMOTA — SYNTEZA K

Prokolagen je modifikovan na tropokolagen (prokolagenpeptidazou)

Vlakna jsou vzajemné propojena (lysyloxidazy)

Hydroxylation and glycosylation
occur in the RER. Addition of
carbohydrate side chains

occurs in the Golgi complex.

Up to 20 molecular forms
of collagen are determined
mostly by types of alpha

chains in the triple helix.
Type |, the most common
has great tensile strength.

Tropocollagen units form fibrils

R an ey

Overlap (light band) Gap (dark band)
Collagen fibril consists of regularly spaced, oVA
tropocollagen units with a periodicity of 67 nm

.~ Dark band

& Light band

lappir

Collagen fibril is 20-100 nm in diamet

Collagen fibers (about 2 pm in diameter) are made of bundles
of collagen fibrils that are cross-linked by proteoglycans and
fibril-associated collagens with interrupted triple helices (FACIT).

*’""‘hn\\\\
% =

~ erollagen bundle (10-20 pm in diameter) is visible by |

light microscopy and consists of groups of collagen
fibers oriented along the same axis.

o JOHN ACRAIE o




MEZIBUNECNA HMOTA — SYNTEZA KOLAGE

Intracellular
3 =§J WE I k environment

il

v ST
Nucleus —sr—g——= | _ [Formation of MRNA for each type of c: chain. ]
 RER ...../‘/\'\/w__ [ Synthesis of procollagen « chains with propeptides
Bk at both ends. Clipping of signal peptide.
5 OH

w«\/—a“\?j‘.m Hydroxylation of specific prolyl and lysyl residues

OH in the endoplasmic reticulum. Vitamin C dependent.
Gal-Glu OH Attachment of soluble galactosyl and
W glucosyl sugars to specific hydroxylysyl residues.
OH Gal-Glu

W [Assembly of procollagen molecules (triple helix).

1 [Nonhelical propeptides.

I;imesr [Transport of soluble procollagen to Golgi complex

Packaging of scluble procollagen

)
)
)
e )
}

Centrioles

vesicles microfilaments transport soluble procollagen

5~ Secretory ———— | Secretory vesicles assisted by microtubules and
molecules to cell surface.

Extracellular
environment

ERSEOE Bz

Exocytosis of procollagen molecules to extracellular

& i 1' f space. Procollagen peptidases cleave most of the
1 Procollagen Procollagen nonhelical terminal peptides, transforming
peptidases peptidases procollagen inta insoluble collagen molecules,

which aggregate to form collagen fibrils.

2 ASBDEsL &

Collagen moleculas

Microtubule arrays

Fibrillar structure is reinforced by the formation of
covalent cross-links between collagen molecules
catalyzed by the enzyme lysyl oxidase.

[—

Source: Mescher AL: Jungueira’s Basic Histology: Text and Atlas,
12th Edition: http:/fvww.accessmedicine,com

Copyright € The McGraw-Hill Companies, Inc. &l rights reserved.




MEZIBUNECNA HMOTA — SYNTEZA KOLAGEN

James Lind 1174

Autor: BIOPHOTO ASSOCIATES/SCIENCE PHOTO LIBRARY

(S : ! I | Translation of mRNA into amino acid
‘ 4 | mRNA |
A/ A/ ~ ' /,\/\ AV sequence by ribosomes
Transcription /=
EdiSaThe Qr mRN"\ {) < ¥ | Transfer RNA (tRNA) - amino acid complexes
. s s from DNA s | ol attach to ribosome in specific translation
Amino acid triple sequence < Proline template Q@ f\_ i¥e) sequence
Gl\/cine: ;\ %t‘ ‘
J f — ’
: P @ @ {_“ & S:g[\rtmg pol»peptlde Intramolecular bond between «,
@ 0V @ @ - and «, chains
0 — S = ‘f;; €% ﬁ;{ \2‘_@@ After exocytosis, procollagen
peptidase outside cell cleaves
. . : /J “} s nonhelical domains of
Inside the fibroblast: for type I collagen, two «; and one Section of procollagen unit procollagen to form

a, chains unite in a triple helix to form procollagen. tropocollagen.



MEZIBUNECNA HMOTA — KOLAGEN _

Typ | Vyskyt ve tkanich Struktura Hlavni funkce
Kost, Slachy, meniskus, dentin, Skara, pouzdra | Fibrily (75nm) - vlakna | Odolnost v tahu
| organu, fidké vazivo, 90% typ | (1-20um)
[l Hyalinni a elasticka chrupavka Fibrily (20nm) Odolnost v tlaku
Klze, cévy, hladké svalstvo, déloha, jatra, Jako I, s vysokym Tvar
slezina, ledvina, plice podilem proteoglykanu

a glykoproteinu -
retikularni sit

Bazalni laminy epitelu a endotelu, bazalni Netvofi fibrily ani Mechanicka podpora
v membrany vlakna

Laminy svalovych bunék a adipocytl, placenta, | Podobny IV
v plodové obaly

Intersticialni tkan, chondrocyty - adheze spojeni mezi Skarou
VI (dermis) a pokozkou

(epidermis)

VIl | Bazalni membréana epitel

VIII | Nékteré endotely (rohovka)
IX, X | Rustova ploténka, mineralizujici chrupavka Sitovité usporadani rust kosti, mineralizace




MEZIBUNECNA HMOTA — KOLAGE



MEZIBUNECNA HMOTA — KOLAGEN V UMENI

Julian Voss-Andreae
"Unraveling Collagen”,

2005

Orange Memorial Park -
Sculpture Garden, City of s
South San Francisco, CA FEse




MEZIBUNECNA HMOTA - FIBRILARNI KOM_

Elasticka vliakna

meéneé pocetna nez vlakna kolagenni

polymer — tropoelastin

desmosin, isodesmozin
T p v v v p p v . Stretch Relax
minimalni tahova pevnost, pfi prfetazeni ztrata pruznosti
e . . . p v . v .y . Single elasti
redukuji hysterezi vaziva = diky své pruznosti usnadnuiji Cross-link molecule

navrat vaziva do puvodniho stavu po mechanické zméné
fibroblasty, ale i hladké svalové bunky
barveni ,,na elastiku“ (orcein, aldehydovy fuchsin)

Source: Mescher AL: Jungueira’s Basic Histology: Text and Atlas,
12th Edition: http://vwww.accessmedicine.com

Copyright & The McGraw-Hill Companies, Inc. All rights reserved.




MEZIBUNEGNA HMOTA - FIBRILARNI KOMPONENTY POJIVA

Elasticka vlakna
‘4\ \ '.f.'. N } -

t‘ -\ fA ‘\
- J""‘.’[&' - )
‘-‘_\\ \ Sw

- —

h.\"

"-4

i ? A B N

Source: Mescher AL: Junqueira’s Basic Histology: Text and Atlas,
12th Edition: http://veww.accessmedicine.com

Copyright ©® The McGraw-Hill Companies, Inc. All rights reserved.

e B SIS e S N
Source: Mescher AL: Junqueira’s Basic Histology: Text and Atlas,
12th Edition: http://www.accessmedicine.com

Copyright © The McGraw-Hill Companies, Inc. All rights reserved.

Elastin ’ Kolagen



MEZIBUNECNA HMOTA - FIBRILARNI KOMPO_

Elasticka vliakna

v ; o . 4
- v e 1) ¥
,_,t,‘--“ X
- e i P2 S i e
" '.I ¥ N é ‘
3
§ 4
A b -
o .f ﬁ’ . ot < 4

g
— Source: Mescher AL: Junqueira’s Bas»cHsmlogy Text and Atlas,
Source: Mescher AL: Junqueira’s Basic H:smlogy Te randAd Source: Mescher AL: Junqueira’s Basic Hi :
3 : queira’s Basic Histology: Text and Atlas, 12(}- Edmon http://www.accessmedicine.com
12‘" Ed""’" http://viwwi.accessmedicine.com 12th Edition: http://www.accessmedicine.com
Copyright @ The McGraw-Hill Companies, Inc. All rights reserved.

Copyright © The McGraw-Hill Companies, Inc. All rights reserved.
Copyright & The McGraw-Hill Companies, Inc. All rights reserved.

* Podobné jako u kolagenu jsou prekurzory elastinu sekretovany z bunky, kde rychle polymeru;ji.
* Depozita elastinu agreguji podél viaken proteinu fibrillinu

« Zastoupeni fibrillinu (neni elasticky) a elastinu urCuje elasticitu vaziva



MEZIBUNECNA HMOTA - FIBRILARNI KOMPO_

Retikularni viakna

+ tvofi kolagenni (kolagen lll), prostoroveé sité

« kostni dfen, slezina, lymfatické uzliny
» podpurna struktura pro buriky napf. imunitniho systému ve sleziné nebo kostni dfeni
retikularni bunky

7
18 :

Source: Mescher AL: Junqueira’s Basic Histology: Text and Atlas,

12th Edition: http://veww.accessmedicine.com

Copyright € The McGraw-Hill Companies, Inc. All rights reserved.




MEZBUNECNAHMOTA

Zakladni amorfni hmota

Mesenchymal
cell

Collagen

fibers ‘

Elastic
fibers

Blood
vessel

Collagen Macrophage
Ground Adipocyte
substance (fat cell)

Extracellular
matrix
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MEZIBUNECNA HMOTA — ZAKLADNI AMOR_

Amorfni, mezibunééna hmota

« Bezbarva, prusvitna homogenni smés glykosaminoglykanu, proteoglykanu

a strukturalnich glykoproteint

proteoglycan collagen fibril

monomer

GAG

hyaluronic
acid




ZAKLADNI AMORFNI HMOTA — GAG s

Glykosaminoglykany (GAGSs)

» linearni polysacharidy tvorené disacharidovymi podjednotkami - kyselinou
uronovou a hexosaminem — e

kys. glukuronova nebo iduronova

COOoH CHEOH
0 0 0 O-t---
4 1 1
OH s H

~—

glukosamin nebo galaktosamin



ZAKLADNI AMORFNI HMOTA — GAG

 linearni polysacharidy tvorené disacharidovymi podjednotkami - kyselinou

uronovou a hexosaminem

(A) Hyaluronic acid (B) Chondroitin sulfate

GilcA GlcNAc GlcA GalNAc
OR4 ORG
HOOC
° HO% A a0
3 O O
NHAc RO OR? NHAc
B1- 4" B1-3 B1-4 "
(C) Heparan sulfate (D) Keratan sulfate
GlcA/IdoA GIcNAc/GIcN - Gal GlcNACc -
HOOC OR6 OH OR® OR®
@) 0
@] ot
OR? RZHN o) P on HO NHAG
B/oi-4 w4 B1-4 p1-3 "

4565

Chondroitin sulfate (CS)
6S 6S 6S

Hyaluronic acid (HA)

65 4s

NS 6S 25
Keratan sulfate (KS)

(E) Glycosaminoglycans polysaccharides
Heparan sulfate (HS)
6lca Sidoa (Deal  [lcieNAc  [[GalNAc

https://doi.org/10.3390/cancers15010266
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ZAKLADNI AMORFNi HMOTA — GAG B

« s vyjimkou kys. hyaluronové se vazi i na proteinoveé struktury - proteoglykany

Glykosaminoglykan Vyskyt

Kyselina hyaluronova Pupecnik, synovialni tekutina, sklivcova tekutina,
chrupavka

Chondroitinsulfat Chrupavka, kost, rohovka, kize, notochord, aorta

Dermatansulfat KlUze, Slachy, aorta (adventicie)

Heparansulfat Aorta, plice, jatra, bazalni laminy

Keratansulfat Rohovka, chrupavka , meziobratlova ploténka

(nucleus pulposus, anulus fibrosus)



ZAKLADNI AMORFNi HMOTA — GAG B

» polysacharidy bohaté na hexosaminy = kyselé mukopolysacharidy

* onemocneni — mukopolysacharidozy
— autozomalné receisvni onemocnéni zpUsobujici defekt enzymd v metabolismu GAG
—  Siroké spektrum projevu
— typické pfiznaky — kraniofacialni dysmorfie, splenomegalie, poruchy psychomotorického
vyvoje i rlstu, kardiomyopatie

MPS TYPE EPONYM ENZYME DEFECT

I Hurler o-L-iduronidase

I Hunter Iduronate 2-sulfatase

I-A Sanfilippo type A Heparan N-sulfatase

I11-B Sanfilippo type B a-N-acetylglucosaminidase

m-c Sanfilippo type C Acetyl-CoA: a glucosaminide N-acetyltransferase
1I-D Sanfilippo type D N-acetylglucosamine 6-sulfatase
IV-A Morquio type A Galactose 6-sulfatase

IV-B Morquio type B B-galactosidase

VI Maroteaux-Lamy N-acetylgalactosamine 4-sulfatase
VII Sly B-glucuronidase

MPS-1 MPS-II MPS-IlI MPS-IV MPS-VI



ZAKLADNI AMORFNI HMOTA — PROTEOGLY_

protein + prevazujici linearni sacharidova
slozka

proteoglykanoveé agregaty

vysoka schopnost vazat vodu
objem zavisly na stupni hydratace

priklady:

aggrecan (chrupavka)
syndekan
fibroglykan

Figure 9.25b Proteoglycan structure in bovine cartilage

Chondroitin sulfate
Core protein

P / Hyaluronic acid

(b) Link protein’

From Mathews and van Holde: Biochemistry 2/e. © The Benjamin/Cummings Publishing Co., Inc.



ZAKLADNI AMORFNI HMOTA — STRUKTURALNI _

» dominantni protein + rozvétvena sacharidova slozka
* interakce mezi bunkami a extracelularni matrix
(proliferace, diferenciace, migrace, zanik...)

Priklady:

- fibronektin — spojeni mezi kolagennimi vliakny
a glykosaminoglykany, umozriuje normalni
adhezi a migraci bunék

- laminin — bazalni lamina — soudrznost epitell

- chondronektin — chrupavka - adheze

chondrocytl ke kolagenu

(J. Nutr. 136:2123-2126, 2006)



ZAKLADNi AMORFNi HMOTA — STRUKTURA

Glykoproteiny vs. proteoglykany

Prot can

GAG: Heparan sulfate

GAG: Chondroitin sulfate

B GicNAc
] caiNAc
N-giycan ()OO O
‘ Glc
O cal
@ Man
A Fuc + ST Ganglioside
/
@ se [ Glycoprotein

Glycosphingolipid

/ Cellular Membrane S? S ?

IR
BEEIR B GTES



ECM — SHRNUTI

chondroitin sulfate

chains \
\\
keratan \
sulfate X \
\ .
o g \\\\ \ \ core protein
aggregate proteoglycan
monomer \ \
AN
a
link
pretein aggrecan

hyaluronan

type |
collagen fibril

N-linked
oligosaccharide heparan sulfate
chain

versican

syndecan

decorin



ECM — SHRNUTI
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HISTOLOGICKA KLASIFIKACE vaziva

Embryonalni:

 Embryonalni mesenchym a rosolovité vazivo (Whartonlv rosol) pupeéniku
Postnatalni:

- Ridké kolagenni vazivo (areolarni, intersticialni)

* Husté kolagenni usporadané a neuspoiradané vazivo

« Elastické vazivo

* Retikularni vazivo

* Tukové vazivo

Whartonuyv rosol



RIDKE KOLAGENNI VAZIVO

Amorphous matrix

Collagen fibers

Monocyte

Mast cell

Fat cells

viacrophage

!\L{ﬁ)" Eosinophil © . it N ~.)
> P A
e 4 y O ot A
;{ /' Plasma cell ——— @ 5€0 15

* Nejbéznéjsi typ vaziva
« Bohata vaskularizace a inervace

» Sténa dutych organd, intersticium, slizniéni a
podsliznicni vazivo

« Trvale fibroblasty, makrofagy (histiocyty), pfipadné
jednotlivé adipocyty
« DalSi pfechodné buriky (leukocyty)

« Kolagenni a elasticka vlakna
« Pfevlada amorfni hmota




HUSTE KoLAGENNTvAZIVO

Kolagenni
vlakna

v

Jadra

; fibroblastu

Jadra
fibroblastu

Svazky
kolagennich
vlaken

Neusporadané



ELASTICKE VAZIVO B
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RETIKULARNI VAZIVO

Niche pro imunitni burniky




TUKOVE VAZIVO B

« bila a hnéda tukova tkan
« adipocyty, fibroblasty, retikularni, kolagenni a elasticka vlakna
 vaskularizace




TUKOVE VAZIVO - BiLA TUKOVA TKAN ‘_

« aktivni novotvorba adipocytu do véku cca dvou let

* schopnost hypertrofie
 bohata vaskularozace
* jedina tukova kapénka

« dynamicka produkce hormonu - leptiny (adipokininy)

NATURE METABOLISM

@NPY/AGRP  ©POMC

\\\\\

Leptin

Lipid droplet
of adipocyte
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10.1038/s42255-019-0095-y




TUKOVE VAZIVO - HNEDATUKOVATKAN

* vyvijejici se fetus a deti do cca 1 roku

* rychly zdroj energie a tepla
* mezilopatkovy prostor

* malé bunky s pocCetnymi lipidovymi

kapénkami




VAZIVO - PREHLED

Kolagenni

Stavba

Poznamka

Ridké kolagenni vazivo

VétSi mnozstvi zakladni amorfni hmoty, spise
méné kolagennich vlaken s nahodnym
usporadanim

Bohata vaskularizace, inervace,
klicové tkanové mikroprostredi

Husté neuspofadané kolagenni
vazivo

Malo zakladni hmoty a bunék, hodné
kolagennich vlaken s nahodnym uspofadanim

Mechanicky odolné vazivové obaly
organd, skléra

Husté usporfadané kolagenni
vazivo

Tésné usporadané kolagenni svazky, fibrocyty
mezi nimi

Slachy, vazy, odolnost v tahu

Embryonalni

Mezenchym

Nediferencované bunky rozptylené v zakladni
hmoté, malo viaken

Progenitory ruznych bunécénych typa

Whartontv rosol

Viskézni amorfni hmota, kolagenni vliakna,
rozptylené fibrocyty

Pupecnik

Specializované vazivo

Retikularni Sit z kolagenu typu I, retikularni buriky Hematopoetické a lymfatické organy

Elasticke Elasticka vlakna a membrany Pruznq podpora glastlc,kych artern, a
aorty, lig. flava, dychaci cesty a plice

Tukové Adipocyty, bohata vaskularizace, MSCs Energie - ATP/teplo

Chrupavka Chondroblasty, chondrocyty Mechanicka podpora

Kost Osteoblasty, osteocyty, osteoklasty Mechamcslf a podpora, metabolismus
CaaPO,

Krev Samostatna prednaska béhem tohoto semestru




Ustav
histologie

|
D a embryologie
A

POJIVOVE
TKANE II
2024

CHRUPAVKA
A KOST




SOUCASNA KLASIFIKACE ZAKLADNICH TYPU _

Na zakladé morfologickych a funkénich znak

Epitelova

Svalova

Nervova

Pojivova

Kontinualni, avaskularni vrstvy bunék s riznou funkci,
orientovanych do volného prostoru, se specifickymi
mezibunécnymi spoji a minimem mezibunécného
prostoru a ECM

Derivaty vSech tfi zarodecnych listl

‘ Obsahuji myofibrily = schopnost kontrakce

Derivat mezodermu - KS, myokard, mezenchymu - HS

MmN Neurony a neuroglie
! PFijem a pfenos elektrického vzruchu
a® Derivat ektodermu

| Dominantni pfitomnost extracelularni matrix

Vazivo, chrupavka, kost, tukova tkan

my Derivat zejména mezenchymu



POJIVOVA TKAN A JEJi VLASTNOSTI

Tkan = ECM + Buiiky

Compressive force
Cancellous bone Subchondral bone

9, o0
SN, S0
295 <>

Subchondral bone
restricts lateral
expansion

Compressive force

Fyzikalne-chemickeé viastnosti



CH RUPAVKA



specializovana pojivova tkan se souvislou ECM
= pruzna, mechanicky odolna

= avaskularni

= bezinervace

= podpora mekkych tkani (trachea, larynx)

» soucast skeletu (kostalni chrupavky)

= kloubni spojeni

» nezbytna pro rust kosti (ristoveé ploténky)



SLOZENI A STRUKTURA PODMINUJI VLASTNOSTI CHRUPAVKY. =

= Bunky - chondroblasty a chondrocyty

* RuUst chrupavky
 Produkce ECM

» Perichondrium — pojivova tkan kolem chrupavky

« \yZiva a apozicCni rust
chrupavky

= ECM -voda, proteoglykany a kolagenni fibrily

« Konzistence
 Tlakova elasticita



I DISTRIBUCE

Hyalinni

Vazivova| .

Nos

Kloubni povrchy
Zeberni chrupavky
Larynx

Trachea a bronchy

Auricula
Epiglottis
Eustachova trubice

Meziobratlové ploténky
Symfyza os pubis
Meniskus

Cartilage

intervertebral

disc

Meniscus

Cartilage in
external ear

symphysis

(padlike cartilage \

in knee joint)

Articular
cartilage
of a joint

!

\ 1
\

f




I HYALINNI CHRUPAVKA

* Nos c:‘n‘:nuglem
* Kloubni povrchy —_—
age in

. Zeberni chrupavky inervrebral \
« Larynx |

« Trachea a bronchy /|
5N

Meniscus
(padlike cartilage
in knee joint)

Articular
cartilage
of a joint




HYALINNI CHRUPAVKA

Alcian Blue&Alizarin Red

http://chickscope.beckman.uiuc.edu/explore/embryology/dayl4/dev2.ht

Humerus

% LARRREREEE TR
» ‘ .;. . » 4 \ .:'-,'
‘ (\ 1 ) ./‘Ijo,_ Tibia~ o

ml :

N

Fibula
Specimen provided by ot 1
Jo Ann Eurell ,.‘ . 5
J

Photo by Steve Rogers

- nejbéznéjsi

- doCasny embryonalni skelet
- epifyzalni rustové ploténky
- klouby, trachea, larynx, atd.

- Isogenetické skupiny

} Perichondrium

Lo

Interteritorialni matrix
— 1 Teritorialni matrix

—  Lakuny
— lzogenetické skupiny

A Chondrocyty




| BUNKY HYALINNIi CHRUPAVKY

= 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




DIFERENCIACE CHONDROCYTU

Perichondrium

‘ s
N

PPARy

Mesenchymal Progenitor cell
stem cell > Sox9 Osteoblasts

N
“Runx?2

Cartilage
= @ COL2A
.. \&/ aggrecan

Chondrocytes




I RUST HYALINNI CHRUPAVKY

= Perichondrial
fibroblast

 chondrifikacni centra
« diferenciace chondroblastu
« kartogenin

> Perichondrium

=7 Chondroblast

i - Cartilage

« apozicni rust
z perichondria
diferenciaci chondroblastl z

1_L Interterritorial

matrix °
chondroprogenitorovych bunék
— Chondrocyte
 intersticialni proliferace
— Territorial
matrix °

déleni chondrocytu
isogeneticke skupiny

Source: Mescher AL: Jungueira’s Basic Histology: Text and Atias,
12th Edition: http:/fwww.accessmedicine.com
Copyright € The McGraw-Hill Companies, Inc. All rights reserved.




RUST HYALINNI CHRUPAVKY

-



| RUST HYALINNi CHRUPAVKY
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= stratum fibrosum
- biomechanika

stratum chondrogenicum
rust

llection.asme.org/article.aspx?



SYNOVIUM

» membrana fibrosa
- husté kolagenni vazivo o

*  membrana synovialis
* intima, subintima _ Ligament
- zahyby do kloubni dutiny "
- pocCetni krevni a lymfatické kapilary, nervy Joint cavity
Y v . - lcontains
- nesguylsle vrst\{y bunék (.synoylvalc’)cyty). ’ ' 7 amodai i
- bazalni membrana a mezibunécné spoje chybi — |
nejedna se o epitel ale mesenchymalni pojivo f, e R
- synovialni tekutina bohata na hyaluronany \ cartilage
- bursae synoviales, vaginae tendineum s
capsule
Synovial
membrane

http:YAN&TvWZ.indstate.ed u/thcme/mmmoga/histology/slide
35.html



« ovalné — kulaté buriky, 10-30um
« bohata organelova vybava, zejména RER, GA

« glykogenova granula (anaerobni metabolismus)

N
um

- obgas lipidové kapénky B
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ULTRASTRUKTURA CHONDROCYT
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ULTRASTRUKTURA CHONDROCYTU
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EXTRACELULARNI MATRIX CHRUPAVKY _

glykosaminoglykany
proteoglykany
viakna

voda

W

biomechanické vilastnosti



«  pericelularni kapsula
- ccabum
- slozeni podobné bazalni membrané

e teritorialni matrix

- cca 50um Siroka oblast kolem lakuny

- vysoky obsah glykosaminoglykanu
(chondroitinsulfat) — bazofilni

. interteritorialni matrix
- bohata na kolagen Il




pericelularni
teritorialni

interteritorialni

prenos biochemickych a
biomechanickych signalu



EXTRACELULARNI MATRIX CH

: % § Collagen (type II)
NN

li"roteoglycan
Link protein

Chondrocyte

(cellular

R
HyaluronicT .J -
component) acid =]

Proteoglycan aggregate
(matrix components)

Extracellular macromolecular matrix




 linearni nevéetvené 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' 3 NH 1

B CHj In

Glucuronic Acid N-Acetyl-D-glucosamine



GLYKOSAMINOGLYKANY _

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 a2
0O
O..
3 H/H
!
H OH H NHCOCH; H OH H NHCOCH3

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



PROTEOGLYKANY A GLYKOPROTEINY CH RU_

aggrekan
— protein + prevazujici linearni sacharidova slozka

— proteoglykanové agregaty

— 100-200 molekul aggrekanu spolu kys. hyaluronovou tvofi 3-4um velké shluky
— vysoka schopnost vazat vodu

— objem zavisly na stupni hydratace

chondronektin
— vazba chondrocytu na kolagen |l

Aggrecan

2 G3



kolagen

- kolagen typu Il + kolageny IX/XI

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

- spojeny s perichondriem

- stejny index lomu jako amorfni ECM — neni vidét

P
Jroteoglycan

Link protein
Chondrocyte
(cellular HyaluronicT
component) acid

Protepglycan aggregate Extracellular macromolecular matrix
(matrix components)




EXTRACELULARNI MATRIX CHRUPAVKY _

Specificky usporadané komponenty ECM

1. glykosaminoglykany

2.  proteoglykany

3. kolagenni (elasticka) vlakna
4. voda

N
%
%
L

N

podminuji biomechanicke vliastnosti



» tlakova elasticita

- proteoglykany — polyanionty (COO", SO, caeiousbone o
- expanze omezena kolagennimi fibrilami
- repulze

Subchondral bone

Lateral \ S
of cartilage ‘ .

ress

Subchondral bone
restricts lateral

expansion ;
P Compressive force

— Superficial

/ D .
//// > o~ e 2 — Intermediate
Collagen — N 7 a3 i
leaves R |
Calcified g — Radiate
. [: ' 24 | Calcified
BoneA{ == j I~Subchondal

Time

Displacement




» 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 surface area

II. prechodna zona

= p— Surface Layer

. ',,.- . / }—- Intermediate or
L35 L Transitional Layer

~ ~ »— Deep Layer

[1l. radialni zoéna

; 1 Tldemark

}_ Spongy Bone

. }r Subchondral Bone

mineralizovana chrupavka

subchondralni kost



ELASTICKA CHRUPAVKA

* Auricula

Eustachova trubice

(padlike cartilage \_ "
in knee joint) \

Articular
cartilage
of a joint




| ELASTICKA CHRUPAVKA

acidofilni elasticka
vlakna v matrix
izogenetické
skupiny nejsou

vytvoreny

auricula, meatus,
larynx, epiglottis

8 + Perichondrium

—o o ®

=




ELASTICKA VLAKNA

meéneé pocCetna nez viakna kolagenni
polymer — tropoelastin

desmosin, isodesmozin
minimalni tahova pevnost, pfi pretazeni ztrata pruznosti

Stretch } [ Relax
Single elastin

molecule

redukuji hysterezi vaziva = diky své pruznosti usnadnuji

Cross-link

navrat vaziva do puvodniho stavu po mechanické zméné

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.




{ ELASTICKA CHRUPAVKA
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ELASTICKA CHRUPAVKA
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VAZIVOVA CHRUPAVKA

Cartilage in

disc

Meniscus

=1 °* Meziobratlové ploténky (ade cotage\
Vazivova| . Symfyza os pubis Articular
cartilage

 Meniskus of a joint




« dominantni vlaknita slozka — kolagen I a Il

* mechanicka odolnost

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

» meziobratlové ploténky, symphysis pubis,
meniscus

®



VAZIVOVA CHRUPAV
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Normal femoral Damaged

cartilage cartilage

» Chrupavka — bez inervace, bez
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

- autologni transplantace

Contents lists available at ScienceDirect

Stem Cell Research

- MSCs a chondrocyty na

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

biokompatibilnich scaffoldech (stale jen
eXDe I"I mentél né) Human mesenchymal stem cell therapy for cartilage repair: Review on )
isolation, expansion, and constructs e
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HYALINNi ELASTICKA VAZIVOVA
Slozeni ECM Col Il, aggrecan Col Il, elastin, Col Il + Col |
aggrecan
Bunky Chondrocyty/blasty Chondrocyty/blasty Chondrocyty/blasty,
fibroblasty
Usporadani |lzogenetické skupiny | Jednotlivé, obCas ve | Jednotlivé nebo
shlucich podélné vmezerené
mezi kolagenni
vlakna
Typické Ano (kromé kloubu) a | Ano Ne
perichondrium epifyz)
Priklad vyskytu Velké chrupavky Aurikula, meatus, VD, meniskus,
laryngu, trachea a Eustachova trubice, symfyzy
DCD, klouby, epifyzy, | epiglottis, malé
fetalni skelet chrupavky laryngu







Primarni (nezrala, vlaknita)

Sekundarni (zrala, lameldzni)

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

« 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 (LAMELOZNI) KOSTI

Spongioézni kost
« Lamely tvori tramce, se strukturou
podobnou kompaktni kosti
» Konce kosti (epifyzy), kratké kosti, stfedni
vrstva plochych kosti lebky (diploe)
Kompaktni kost
« Zevni a vnitfni plastoveé lamely, typické
Haversovy kanalky
* Volkmannovy kanalky
* Intersticialni kanalky

¥V Structure of bone.

Trabeculae

Osteoblasts
Osteoclast

Articular cartilage

Osteocytes
Spongy bone

Epiphysis

Compact : y
7/ bone e Spongy (trabecular) bone
| Periosteum 4 ,W,'

amellae
Circumferential

Marrow 4
lamellae

cavity

Capillaries in
Javersian and | ‘§
Volkmann's L85
canals

Secondary osteon
(Haversian system)

Concentric

e lamellae
D|aph>SIS/ . Capillaries &4 2 CompaCt
'(‘”-\ * in Haversian SRS f&’ .
kY b canais %% Compact (cortical) bone
e Capillary in
1 1w Volkmann's canal



STAVBA SEKUNDARNI (LAMELOZNI) KOS
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BONE CROSS SECTION
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STAVBA SEKUNDARNI (LAMELOZNI) KOSTI




VNEJSI KOSTNIi POVRCH

« 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 vlakna fixuji periost k vlastni kosti

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

Osteons
(haversian systems)

Periosteum

Cancellous bone

with trabeculae 7 Central canals

) }
\ = Perforating
canals

Medullary cavity
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VNEJSI KOSTNI POVRCH
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VNITRNi KOSTNI POVRCH

m“'mf’m
 Drenova 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

Myelocyte - - _ Eosinophil
cell

QOuter surface of bone

Erythrocyte - -~ N
- 7)>7 == Normoblasts

Red marrow Myelocyte

)~ dividing
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SLOZENI KOSTNI MATRIX —

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




I MINERALIZACE

| Collagen

' /' triple helix
_ -4-
Q%
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Extracellular
b bone matrix

0\ "0”

10.1101/cshperspect.a031229



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

Mineralised
bone

Secretory vesicles
with near confluent
mineralisation

Secretory vesicles
showing early
mineralisation

Oste0|d
Iayer

S ]

Secretory vesicles
after emerging
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JT ‘ ; Secretory vesicles
i' in osteoblast

Osteoblasts




LMINERALIZACE KOSTNI TKANE
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| MINERALIZACE KOSTNI TKANE




Produkce a odbouravani ECM

e
-

>

kolagen (1)
nekolagenni proteiny Architektura kostni tkané a morfologie kosti
proteoglykany/glykoproteiny, Metabolismus fosfat(i a vapniku

mineralizovana matrix . .
Stavba a funkce kostni drené

4% Osteoclast

10.13140/RG.2.2.20595.32802



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

| KOSTNI BUNKY — OSTEOPROGENITOR

= vnitfni bunécna vrstva periostu, Havesovych kanalkt a endost

- odvozeny z embryonalniho mesenchymu

- mitotické déleni a diferenciace do osteoblastu

- za urc€itych zvlastnich podminek mohou diferencovat do chondroblastu
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| KOSTNI BUNKY — OSTEOBLASTY




KOSTNI BUNKY — OSTEOCYTY




KOSTNI BUNKY — OSTEOCYTY




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

i TIPS ) g -
.}*éh ‘Jl-~"-‘;"t‘:d»7“'

B

(E) B3 Integrin On
Cell Processes

(B) Tethering Elements
Along Cell Process

(C) BI 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




| KOSTNI BUNKY — OSTEOKLASTY
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KOSTNI BUNKY — OSTEOKLASTY

« Slozita cytoarchitektura

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

Secretory
Domain Osteoclast
Basolateral Sealing
Membrane Zone
Sealing
Zone
Ul

Ruffled
Border

" | Osteopontin

Resorptive Pit

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

%9000 "bone spicule

b

X3000



KOSTNI BUNKY — OSTEOKLASTY




OSTEOKLASTY VZNIKAJI Z MAKROFAGU _

mocnocyte/macrophages
q ) OPG cell line
osteoblast ]
1,25[OH]2D) mMRANKL .
glucocorticosteroids J

PTH, PGEz2, LPS, \?O

histamine

IL-1 and IL-11, TNF-a ore-osteoclast

<

osteoclast’s
apoptosis

(o - @

osteoblast

osteoclast



Desmogenni
- Uvnitf membranovych kondenzaci mesenchymu
- Zejména ploché kosti Cells from cranial neural crest,
somites and lateral plate mesoderm
Chondrogenni <’ l @,
- Nahrada hyalinni chrupavky kosti , @£
=
- Membranous | &—
Mesenchymal cell condensation ossification
e Articular
Periosteum cartilage
Perichondrium

Mesenchymal
condensation

Chondrocyte

Primary

ossification Secondary
ossification




I DESMOGENNI OSIFIKACE
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SR e 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

NS

ANh
®ari

A

Metaphyseal
artery

Periosteum—l i

Nutrient artery

9 ﬂ\k o

Diaphysis

A
" v
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» Chrupavcity model
» Periostalni kostni limec
» Proliferace a hypertrofie chondroblastu

1. Rezervni zéna
» Kalcifikace 2. Zona proliferace
3

Zona hypertrofické
chrupavky

Zona kalcifikace
Linie eroze

* Vznik primarni dfefiové dutiny
» Tvorba periostalniho pupenu
» Osifikace

ok

6. Zona osifikace



CHONDROGENNI OSIFIKAC
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CHONDROGENNI




CHONDROGENNI OSIFIKACE - RUSTOVA R OTEN

Riastovy hormon

Endocrine

signals Nutrition

Intracellular
mechanisms

/ Paracrine
signals

Growth

plate
Chondrocyte ™ Extracellular
matrix e
Inflammatory Extracellular
cytokines fluid

Nature Reviews | Endocrinology



CHONDROGENNI OSIFIKACE - RUSTOVAPLOTENKA

Local effects on the growth plate

‘ GH ) Proliferation of resting zone chondrocytes
Stimulates local 1GF-1 expression
IGF-1 Increases proliferation of resting and

proliferative chondrocytes
Increases hypertrophic cell size

Thyraid o - . .
hormona  Glucocorticoid Glucocorticoid  Inhibits chondrocyte proliferation

Estrogen
Delays growth plate senescenge
t & Induces chondrocyte apoptosis

E Permissive for proliferation and differentiation

=

2

=

! Inhibits proliferation in the proliferative zone
Accelerates growth plate senescence
Leptin

Stimmulates proliferation, matrix production
Increases IGF-1 expression

+
Vitamin D ——p
Vitamin D Permissive for normal differentiation and

apoptosis of hypertrophic chondrocytes

Leptin Stimulates proliferation and differentiation

https://doi.org/10.1159/000088791



https://doi.org/10.1159/000088791

Ligands Receptors Transcription Structural Other
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CHONDROGENNI OSIFIKACE - RUSTOVA PLOTENKA
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CHONDROGENNI OSIFIKACE — RUSTOVA PLOTENKA

N L b ]
»







' 4

CHONDROGENNI OSIFIKACE

- RUSTO

1. Rezervni zéna

3. Zobna hypertrofické chrupavky

2. Zobna proliferace
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6. Zona osifikace (tmavé fialova)
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KOSTNI VEK

« 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 4 14 years 53 years



OSIFIKACE SEKUNDARNI KOSTI — RE_

Remodelace primarni nebo stavajici sekundarni kosti

Pre-
Osteoclasts Active Ost:ggiasts

Osteoclasts Mononuclear Osteoblasts
.. ) Cells ) Osteocytes
Resting Q
Bone

Surface Resorption Reversal Bone Formation Mineralization

CEEECEy e

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



OSIFIKACE SEKUNDARNI KOSTI - RE

osteoprogenitor immature mature osteocyte
cell osteoblast osteoblast

bone

(B) [ osteoclastogenesis | s monion]
CD34* cells pre-osteoclast osteoclast activated
osteoclast

hematopoietic
cells

multinucleation activation







HOJENI ZLOMENIN

Periosteum Marrow Cortical bone

Reaktivni faze
. Hematom, zanétliva reakce
e v Granulaéni tkan
o N, JIBEEME S 7 M Y
™ 75 iyl el 3 pAVARRN Reparaéni faze
- & . Vazivovy/chrupavéity svalek
. Depozice primarni kosti

Anabolic phase

Catabolic phase

Remodelacni faze
cp.: :mt:,,t:mg , , . Remodelace kostni tkané

Endochondral stage




NEROVNOVAHA MEZI OSTEOSYNTEZOU A OSTEORESORPCI -
OSTEOPOROZA o REVMATOIDNi ARTHRITIDA
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| Som acrormities (wnte rtow)

PAGETOVA CHOROBA

NORMAL BONE PAGET'S DISEASE
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KOSTROVE SPOJE

Synartrézy
Spojeni vlozenou tkani (chrupavka, kost nebo vazivo)
- Synostézy — spojeni kostni tkani — os coxae, os sacrum (@) Suture

- Synchondrézy — spojeni hyalinni chrupavkou — vyvojové stadium
osifikace synostoz

- Symfyza — spojeni vazivovou chrupavkou — os pubis, w1 e . st ey .
meziobratlové ploténky

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

connective
tissue

Suture
line

Copyright ® The McGraw-Hill Companies, Inc. P required for 1 or display.

Diartrozy
} . B Bursa
Kloubni spojeni Blood vessel
. , . . Joint cavity
- Hyalinni chrupavka bez perichondria (iled with i3 : \
- Architektura chrupavky — usporadani vliaken i chondrocytu —— o

cartilage
Tendon

- Kalcifikace chrupavky v oblasti pfipojeni ke kosti
1 sheath
- Kloubni pouzdro o e | R }
; T aver o Periosteum

- Stratum fibrosum Bone F Mool
- Stratum synoviale

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






| SYNOVIUM




MEZIOBRATLOVA




SHRNUTI

VLAKNITA (primarni)

LAMELARNI (sekundarni)

» Slabé mineralizovana

 Paralelni lamely s pravidelné uspofadanymi

» Buriky a kolagenni vlakna bunkami
nahodné usporadané * Silné mineralizovana
SPONGIOZNI KOMPAKTNI

* Propojené tramce
* Kryté endostem
* 20%

« Paralelni lamely s osteony
* Intersticialni lamely
* 80%

* Rostouci kost
* Tvrdy kalus

 Vnitfni struktura kosti, drefiova
dutina

» Kompaktni povrchova vrstva
pod periostem
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Fourth Edition

HISTOLOGY
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