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Vyvoj kosti




Schéma struktury kosti

Long Bone
: Articular cartilage

Epiphysis | .

Ephiptyseal line

Compact Bone & Spongy (Cancellous Bone) S .
ponggy bone

Lacunae containing osteocytes Jsteon of compact bone \ #,

Lamellae il N

hedullary cavity
-=—— Mutrient foramen
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Typy kosti

o Vlaknita - i.u.v. (kolagenni fibrily)
o Lamelarni - kompaktni

/ sponglozm —

http://www.technion.ac.il http://www.pc.ctc.edu



Typy bunck v kostni tkani (z krve)

- bazofilni, kubické, polarizované
Osteocyty - silné bazofilni, osteoblasty zapouzdrené v lakunach

Osteoklasty - velké bunky, vicejaderné, produkuji hydrolytické enzymy
- prestavba kosti, uvolnéni Ca, P, monocytarni linie
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Cells from cranial neural crest,
somites and lateral plate mesoderm

Osifikace

Ploché kosti

. Membranous
Mesenchymal cell condensation ossification

.

Cartilage
anlage

Dlouhé kosti

Growth of capillaries around Hypertrophic cartilage with
the cartilage anlagen high-level VEGF expression

Endochondral ossification | http://www.nature.com/nature/journal/v423/n6937/images/nature01659-f1.2.jpg




Typy osttikace

Primarni osifikace

Sekundarni osifikace




Chrupavka

Chrupavka - bunky (chondrocyty)
- mezibunécna hmota (GAG)
- amorfni
- vlaknita (kolagen)

GAG - glykosaminoglykany — chondroitinsulfat,

keratansulfat

heparansulfat
kys. hyaluronova




Dezmogenni (intramembranova) osifikace

mitézy mezenchymalnich bunék

mezenchymovy blastém

(zahustena, bohateé vaskularizovana mezenchymaini ploténka
zdroj bunéénych elementu)

diferenciace osteoblastt

osteoid = organicka kostni matrix (kolagenni fibrily, proteoglykany)

N 5'5.@-"
S G QQJ/
osifikaéni centra 10) QN

Erdosova, Lichnovskda, LF UP Olomouc




Dezmogenni osifikace

kalcifikace osteoidu

preména osteoblastl v osteocyty

permanentni preména mezenchymalnich bunék v osteoblasty na
periferii osifikacnich center

produkce osteoidu

.

zveétSovani
osifikacnich center

Erdosova, Lichnovskda, LF UP Olomouc




Dezmogenni osifikace

osifikacni centra - vzhled tramcu

1

vzajemneé
propojeni tramct

Erdosova, Lichnovskda, LF UP Olomouc




Desmogenni/intramembranova osifikace

http://www.bioimaginglic.com/images/28%20Intramembranous %28IM%29%200ssification%20%20Mesenchyme%20%20F etal%20Skull%20100X.jpg




Endochondralni osifikace




1) Vznik
manzetové kosti

7. tyden IUV

mitézy mezenchymalnich bunék
mezenchymovy blastém

Chrupavcity zaklad kosti
SIS

pfima perichondralni
dezmogenni osifikace
vazivového perichondria

postupny rust k obéma
epifyzam

nasledné zmeny v centru

chrupavky obklopené
manzetovou kosti

Erdosova, Lichnovskda, LF UP Olomouc



2) Vznik primarniho
osifika¢niho centra

omezeni difize substratd do chrupavky
hypertrofie chondrocytu

(hromadéni zasobnich latek-glykogen)
komprese a kalcifikace mezibunééné
hmoty

degenerace chondrocytu

.

primarni osifikacni centrum

Erdosova, Lichnovskda, LF UP Olomouc



3) Rast cévniho pupene

do primarniho osifika¢niho centra

o
E0RY% %Otgé oo.oo'“' o e
RE o

cévy doprovazené nediferencovanymi
mezenchymalnimi burfikami

(zdroj bunéénych elementt)
diferenciace chondroklastt

eliminace odumrelych chondrocytt
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0) Postupné rozsiteni
dreriové dutiny

sto€eni a prorustani cév k epifyzam

longitudinalni rast
primarniho osifikacniho centra

.

dosazeni hranice
mezi diafyzou a epifyzou

S
R

Erdosova, Lichnovska, LF UP Olomouc
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8) Rustova chrupavka

mitoticka aktivita chondrocytt

hypertrofie a degenerace chondrocytt
redukce a kalcifikace mezibuné€né matrix
eliminace odumrelych chondrocytti
(chondroklasty)

vznik smérovych tramcu

produkce osteoidu (osteoblasty)
kalcifikace osteoidu

premeéna osteoblastll v osteocyty
resorpce novotvorené kosti (osteoklasty)

9) Rozvoj sekundarnich
osifika¢nich center

radialni rust

sekundarnich osifikacnich center

Erdosova, Lichnovskda, LF UP Olomouc




1) Zéna hyalinni chrupavky
2) Zbéna rostouci chrupavky
3) Zbéna hypertrofické chrupavky
4) Zbdna kalcifikované chrupavky
5) Linie eroze L g T e
6) Zéna osteoidni e | osteo
7) Zéna osiformni N\ A

8) Zéna resorpce e
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10) Uzaver epityz
20. rok

ukonceni proliferace (zanik)
chrupavky rastové ploténky
nahrada kostni tkani

.

— = R

——a

ukoncéeni rustu dlouhé kosti

Erdosova, Lichnovskda, LF UP Olomouc




Rust kosti do délky  Rust kosti do Sitky

ztlustovani manzetové kosti apozici
epifyzarni ristové ploténky kostni tkané vzniklé perichondralni
osifikaci

Erdosova, Lichnovskda, LF UP Olomouc




Bone remodeling

mineralization

resting siate
resorption formation
reversal
bone-lining call
osteoclast  ostecblast
osteocyte
mononuclear

© 2010 Encyelopzedia Britannica, Ine.

Tvar kosti a jejich usporad
reaguje na jejich zatizen
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ani

1 4

resting state

bone-lining cell

_ Obnova kosti
Kazdy rok se obnovi
1 eementine 25 % tramdcitych kosti
3 % kompaktnich kosti
- " | old bone

Hypothalamus

Sympathetic Leptin

nervous system

\l S RANK
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: N
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http://editthis.info/corposcindosis/Changes_to_Individual_Effectors,_part_3
http://www.britannica.com/EBchecked/topic/72869/bone/41886/Remodeling-growth-and-development
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Endochondral Bone Development

Remnants of

Developing epiphyseal
_ periosteum disk Articular
de C t cartilage
Cartilaginous Compact Secondary “Ompac o |
model R, nssﬂmatmn bone S |
Calcified | developing center VS € \J
F, 3 .
cartilage Blood" y \\K Spongy
vessel bone
o . f :,.priph'q_.rseaI
. Y Medullary disk
- cavity Medullary §—Medullary
b cavity cavity
a . /Spongy
@ | e di l Spongy
Secondary s (
ossification  (€) 1 il
center _ ()

—Primary EE‘E Iyl \‘Articular
ossification Remnant cartilage
center of epiphyseal

disk

http://classes.midlandstech.com/bio112/figure7.5endochondral%2520ossification.jpg




Osifikacni

centra

Primarni Sekundarni
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Role Wnt

A Mesenchymal Condensation B

Sox9 A
Runx2 ¥

Pre Osteoblasts

@ Immature Osteoblasts

l Wnt/B-catenin

Mature Osteoblasts

Endochondral Ossification Intramembranous Ossification
Day, The Journal of Bone & Joint Surgery. 2008; 90:19-24




Diferenciace somita

3 tydny

1. Neuralni ryha

2. Notochord

3. Somit

4. Ventralni ¢ast somitu

5. Ectoderm

6. Intermedialni mezoderm
7. Entoderm

8. Somatopleura nhttp://www.embryo.chronolab.com/mesoderm.htm

ONO AP WN -

. Myotom

. Dermatom

. Sclerotom

. Ektoderm

. Entoderm

. Neuralni trubice
. Dorsalni aorta

. Notochord



/aklad koncetin (lateralni ploténky mezodermu)

Epaxial Central
myotome bud dermatome (B)

Mryotome Hypaxial

Selerotome myotame bud

Limb muscle
PrECUTSOrs

~Limb bud

Spinal cord

Motochord—g

Proneph ru:ulr‘"?)

Endoderm—T

B Limb skeletal
P]"E'L"UISDTH

Lateral plate
mesoderm

Myf5 — bunky z myotomu putuji do
Koncetinového pupene — 3D

J. Streicher and G. Miller http://www.ncbi.nlm.nih.gov



http://www.cmrb.eu/media/upload/imatges/
centre-investigacio/linies_treball/6_1_limb.jpg

Pavod bunek koncetin

Forelimbs

Hindlimbs

Confribution of Embryonic Cells
to the Developing Limb Bud

Meurcl Tube

The Developing Limb Bud

The Developing Limb Bud:
Proximo-distal growth

- -
_- -
=t
—

Mewal Crest '..-,"-E precedes differenfiation
Somite 55} ;
Sensony Memes, LIHD.M e
T Growth & Cell Division e
\ & Pigment Cells i
SR Differentiation
Motor Axons

Limnbs Bud
L Epdhalicl
ectodenm > (::)

"Apicol

eclodemal

ridge Lestead I
Lirnkb Bud Piate Early Limb Development

mesodern Mesodermn =

Lirmb Bud one of Zore of
differertiation  cal division
1

AER... apical ectodermal ridge (hfeben)

Y~ Mesenchyme
[mesodem)

http://www.utm.utoronto.ca/




Signalni drahy

dorsal en-1
Wnt-7a / \
ity r-tng
A AL R r-fng Wnt—?a
- Lmx-1
er[-1
ventral “x AER dorsal
en-1 formation pattern
C D
posterior distal

pattern

patiem [snh | —— [Fors}

AN

] Shh

O FGFs e
O] Wnt-7Ta dorsal
patlenn

En-1 exprese
zabranuje vyvinuti
dorsalniho charakteru
(Wnt 7a) ve ventralni
poloviné

na rozhrani
bunék,které produkuji
a neprodukuji r-fng se
vyviji AER (FGF)

Shh je specifické pro
zénu polarizaéni aktivity

http://www.evol.nw.ru/



Role FGF v prodluzovani pupene

Progress Zone & FGF Signaling in Nomnal Limb Development

rochent
of FGF Hew group of cels
inF?Z FGF Secrached 15 shrmulated By
F&F 1o becorme

distal components

Cells affected

by FGF become
distal components

I

Coells now out of range
of FGF wil retain previous

Ongnd  Cells out of range Proximal specification by FGF E‘I
proxima of FoF become new components >eC I I
, : componants
components proadimal components Dy

http://www.utm.utoronto.ca/




Role Hox gent

it

10

i1

12

H
H

= ———

Figure 11-22. Hoxd gene expression patterns in relation to definitive segments of the upper extremity.
(Modified from Davis AP, Witte DP, Hsieh-Li HM, et al. 1995. Absence of radius and ulna in mice lacking

Hoxa-11 and Hoxd-11. Nature. 375:791.)




Casova 0sa

Larsen Human embryology 2001

Weeks r

Limbs rotate to definitive
orientation, resulting in
helical pattern of lower-
extremity dermatomes

1

Q
&

56

o

@ys { 56 days

96

Timeline. Development of the limbs.

Days
Upper limb bud forms
- 24 A
Q
— 28 Lower limb bud forms
Upper limb Lower limb
L 35 33 days 33 days
Muscle
A masses
37 days appear in
37 days 5th week
— 42
44 days
; »
{13
— 49 47 days
47 days

Prox

Nerves grow into developing limbs

Limb bones

Prox
1

Mesenchymal precursors form

Dist

Dist

Prox

Prox

Chondrification

V

Dist

Ossification

Dist




Vyvoj axialniho skeletu

raural crest {ectoderm)
somite {measoderm)

neural tube {ectodarm)

gut cavity (lined
by endoderm)

tail bud

lateral plate mesodarm
endoderm and yolk

http://www.ncbi.nIm.nih.gov/books/NBK26863/



Vytvareni somitt

Fgf8 (mezenchym

m Wnt3a vs. Axin
m Wnt3a - Notch -
Hairy1

P

)

cells arrested at trough cells arrested at peak
of oscillation cycle of ascillation cycle

—

most recently farmed
pair of somites

oscillation oscillation oscillation
arrested slowing down at 1 cycle evary 90 min

® Oscilace exprese c-hairy-1

http://www.ncbi.nim.nih.gov/books/NBK26863/figure/A3943/?report=objectonly



Diferenciace somita

3 tydny

1. Neuralni ryha

2. Notochord

3. Somit

4. Ventralni ¢ast somitu

5. Ectoderm

6. Intermedialni mezoderm
7. Entoderm

8. Somatopleura nhttp://www.embryo.chronolab.com/mesoderm.htm

1.
. Dermatom

. Sclerotom

. Ektoderm

. Entoderm

. Neuralni trubice
. Dorsalni aorta

. Notochord

Myotom




Prefazeni sklerotomu a myotomu

3 tydny 4-5 tydna po narozeni

Chorda Kranialni ¢ast sklerotomu

Myotom/svalovina

Kaudalni Cast sklerotomu s kondenzovanym mezenchymem




Inervace myotomu

Neural tube

Vertebra — Nerve  Muscle

Incipient spinal nerve

Sclerotome

[

Larsen Human embryology 2001







Vyvoj obratla

chorda

OsifikaCni centrum

Obr. 8.8 Schéma vwvoje obratlii.

A ~ Blastémove ziklady obratlii embrya

7 s dlowhého. 1 — chorda, 2 — neurapotyza,
3 — pleurapofyza, 4 — intersegmenova arterie.
B — Blastémaovy zédklad obratli embrya

9 mm dlouhého. 1 — chorda, 2 — neurapofyza,
3 — zaklad Zzebra, 4 ~ fibocartilago interverteb-
ralis, 5 — intersegmentova arterie.

Z. Vacek Embryologie 2006 http://www.embryo.chronolab.com/cardiac.htm



Svalovina

Trapezius
Deltoid

Pectoralis
Fajar

brachii
Biceps
brachit
Latissirmus dorsd

Abdaminal
muscles

Gluteus maximus

Sartorius
Biceps lemoris
Rectus Temoris

Gastrocnemius

Aychiillies tencon



Struktura a funkce svaloviny

(b)

Thin {@cting lilarmsant
Thick (myosin lilamant

(€}

Thin {acting fitamant

Elastic (fitin) filameanis 4< e

Thick {myocsin) filament S
{d} 1

Copyrighl 2001 Bargarmin Curmmings, an imprint of Addison Wesley Longman, I,




Svalovina

- skeletalni

- srdecni

- hladka

Muscle types Activity

Skeletal muscle Cross sections
= i Strong, quick
discontinuous
voluntary
contraction

Nuclei
Cardiac muscle
: | Strong, quick
= =R e continuous
D e involuntary
| )| contraction
=

Weak, slow
involuntary
ooy contraction




Kosterni svalovina

Morfologicka jednotka:
Syncytium — soubuni — vlakno dlouhé
az 30 cm

- zplostéla jadra pod
plazmatickou membranou (sarkolema)




Srdecni svalovina

~ Jednotlivé bunky ale stahuji se synchronné
(funkCni soubuni)

Morfologicka jednotka
Kardiomyocyt - prodlouzeny, vétvici se
- ovalna jadra ulozena centralne



Hladka svalovina

Morfologicka jednotka

Bunka hladké svaloviny

- vietenovita bunka bez zihani velka 1-500 pm
- kazda b. je obklopena bazalni membranou a
retikularnimi viakny

- podlouhlé jadro lokalizované centralné



Regenerace svaloviny

Kosterni svalovina - neschopnad mitotické aktivity. Regenerace je
dosazena prostrednictvim satelitnich nediferencovanych bunéek

Srdecni svalovina — neschopnd regenerace. Za opravu
poskozeného svalu zodpovidaji fibroblasty — jizva (ischemické poskozeni —
infarkt m.)

Hladka svalovina - zachovana mitoticka aktivita




Kosterni svalovina

Neural tube

Neural groove

Intraembryonic—
coelom

Ventral

somite wall Netachmsel

Sclerotome

5
/
Dermatome
b, .é
g oo

Dorsal aorta

Somity diferencuji do
sklerotomu
dermatomu

a dvou oblasti, ve kterych se
formuje svalovina (myoblasty)

1. Blizko neuralni trubice
- mezizeberni svaly, hluboké zadové
svaly (epaxialni)

2. Dale od neuralni trubice
- svaly télniho korpusu, koncetin,
jazyka (hypaxialni)

VétSina bunék v centru myotomu rychle

_proliferuje a diferencuje

Cast jich zlstava nediferencovana (satelitni
buriky — obnova)



Srdecni svalovina

Derivovana ze splanchnopleury (obklopi primitivni srdecni trubici
lemovanou endotelem)

Myoblasty neflzuiji, ale velmi pevné se spoji interkalarnimi disky

Hladka svalovina

Derivovana ze splanchnopleury
Tvori svalovinu streva, pridusnice, pridusek, méchyrl a urogenitalu

Vyjimka!!!
Sverace, dilatator zornice a myoepitelialni bunky v prsni a potni zlaze
jsou ektodermalniho plvodu




Aktivace myogeneze

Neuralni trubice

O — produkovan notochordem — vliv
na ventralni ¢ast Sm (indukce sklerotomu

a stfedni Cast dermomyotomu Dorzalni

] S ektoderm

O Wnt1- produkovan neuralni trubici — vliv
na dorzomedialni c¢ast Sm (indukce
exprese MyfS — zadové svaly)

O —  produkovan  dorzalnim
ektodermem — vliv na dorzolateralni Cast
Sm (indukce svall télniho Kkorpusu,
koncetin)
O BMP4 -  produkovan lateralnim
mezodermem — blokuje aktivaci MyoD a Notochord mezoderm

¢asnou diferenciaci lateralnich domén
Sm. Jeho aktivita je pozdéji inhibovana

Nogginem z neuralni trubice. B ;«;&u
* Wnit7a
£ Bmp4
» Noggin




Signalni drahy ovliviiujici diferenciaci somitt

O Chorda a ventralni ¢ast medularni trubice — Shh — diferenciace
sklerotomu (produkce Pax1 — fidi chondrifikaci a osifikaci)

O Dorzalni ¢ast medularni trubice - Pax3 (Wnt) — diferenciace
dermomyotomu

Epaxial (back)
ml._lscles

- Myf5 — zadove svaly
(z dorzolateralni ¢asti myotomu

Body wall
and limb

- BMP4 - inhibiCni efekt x Wntz = muscies
epidermis = Myo D (svaly korpus -
koncCetin

- NT3 — dermatom se diferencuje
v dermis




