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Histologie (z feckého histos = tkaf, logia =
studium) je nauka o stavbé tkani. Tkané lze
definovat jako komplex morfologicky podobnych
bunék, specialisovanych k vykonu urdité funkee.
Jsou materidlem pro stavbu orgdnl 1€l mnohobu-
néénych organismdi, metazoi. Za embryonélniho
vyvoje jedince (ontogenese) se tkiné diferencuji ze 3
zarodetnych listd, cktodermu, entodermu a
mesodermu, procesem zvanym histogenese. Na
jejim podkladg vznikaji Sty¥i zikladni typy tkani:
\ 1. Tkai epitelova — vznika ze viech t¥i zaroded-

nych listd. Tvofi ji buitky t&né k sobé pfiloZené
s malym mnoZzstvim mezibun&né hmoty. Uspofé-
déna je bud v listy, kryjici povrchy, nebo v epitelové

l masy.

2. Tkén pojivovd, podplirnd — pochazi z mesen-
chymu (derivit mesodermu). Vyznaéuje se hojnou
(iGasti mezibun&né zékiadni hmoty, ve které
jsou uloZeny rozlitné typy bungk, plnici fadu
funkei.

3. Tk svalovi — je plivodu pfevazné mesoder-
mového. Tvofi ji buiiky nebo syncytium. Jeji ele-
menty jsou protédhlého tvaru, Jejich cytoplasma je
opatfena prvky, které umoziuji jeji kontrakci, a tim
i pohyb orientovany v prislusném sméru.

4. Tkéii nervova — pochazi z ektodermu. Jeji nej-
vznamn&jsi komponentou jsou nervové buiiky —
neurony, schopné vytvafet nervovy vzruch a pre-

dévat jej z buiiky na buitku.y
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Moderni bunécna teorie

= Organismy jsou slozeny ze zakladnich jednotek - bunék

= Noveé bunky vznikaji pouze délenim stavajicich bunek

= Bunky predstavuji termodynamicky otevreny systém

» Dédicna informace se prenasi na dcefiné generace

* Bunky se nelisi v zakladnim strukturnim a chemickém slozeni
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= Tkane a organy

- 6 x 10'* bunék vice nez 200 riznych typ(

- Tkané: funkéni, trojrozmérné, organizované seskupeni
morfologicky podobnych bunék a jejich produktt a derivatu
- Organy: strukturni a funkéni usporadani tkani

Sinus

nods A node
) !. AN bundle
I -
iy
/ Left
e . bundle
Internodals™ .. ,/ branch
pathways 4
Right

bundle
branch




= Tkane a organy

Parenchym: vlastni funk¢ni tkan konkrétniho organu
(jaterni, plicni, pankreaticky, ledvinny parenchym)

A4

Stroma: okolni podpurna, intersticialni tkan Priklad: jaternl' tkan

Parenchym:
Funkcni komponenta

Hepatocyty
- Sinusoidy a pfidruzené
struktury

i 459 SWAS A L e e e S - Stroma:
w\( S e oo o Podpurna komponenta

- Vazivo a s nim spojené
struktury

- Ceévy

- Nervy

- Zluovody




» Soucasna klasifikace zakladnich typu tkani

Na zakladé morfologickych a funkénich znaku

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 vS8ech tfi zarodecnych listu

RN Obsahuji myofibrily - schopnost kontrakce

Derivat mezodermu - KS, myokard, mezenchymu - HS

AN Vyjimec€né ektoderm (napt. m. sphincter a m. dilatator pupillae)

! Neurony a neuroglie
! Prfijem a prenos elektrického vzruchu
¢ Derivat ektodermu, vyjimecné mezenchymu (mikroglie)

i Dominantni pfitomnost extracelularni matrix

Vazivo, chrupavka, kost, tukova tkan
Derivat zejména mezenchymu



= Tkan a jeji definice

FunkcCni, trojrozmérné, organizovaneé seskupeni morfologicky podobnych bunék
a jejich produktu a derivatu

klasicka histologicka definice tkani je zalozena
na mikroskopické vizualizaci
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= Zakladni principy histogeneze




= Zakladni principy histogeneze

Funkcni buriky tkani diferencuji z kmenovych bunék

e o) —> |
Asymetricke deleni i o = !
________________ — N _ |
| Q) Diferenciace |
N i 0) — |
(@ I 9, | _— |
! H Q) —> !
Sebeobrova | S S — |

kmenovych bunék prechodnych Vznik funk&nich typu

progenitorud

Knoblich JA. Asymmetric cell division during animal development. 2001. Nat Rev Mol Cell Biol



= Kmenove bunky se liSi v diferenciacni kapacite

Totipotence

- V8echny bunky téla v€etné extraembryonalnich tkani

- Zygota, blastomery a rana stadia embryogeneze

Pluripotence

- VSechny buriky téla s vyjimkou trofoblastu

- Blastocysta — Inner cell mass - ICM (embryoblast)

, _} > T-Lymphocyte

Multipotence @ o

oP \ g —> — ‘ o -Lymphocyte
- RUzné bunécéné typy v ramci tkané e,, ’ Frhymenees
- Mesenchymalni SC, hematopoietické SC /vE—> Erythrocyte

Hematopoietic
stem cell (HSC) CcMP / \
BI t
— —P —) ccccccccc
U Yﬁ Meg-CFC
Self-renewal ' .

GMP\EO -CFC
)

Oligo- a unipotence @ ==
GM-CFC

- Jeden nebo nékolik bunéénych typl — hematopoietické burky, tkanoveé M-CFg
prekurzory (obnova epitel( apod.)

Mast-CFC

Megakaryocyte
/Platelets

Eosinophil

Neutrophil

Monocyte/
Macrophage

£ e\
—)‘ — )Q —PQ Mast cell

http://imww.embryology.ch/anglais/evorimplantation/furchung01.html




» Kmenové bunky v organismu

Embryonalni kmenové bunky (ESCs)
- odvozeny z embryoblastu (ICM) blastocysty

- pluripotentni

- model rané embryogeneze a histogeneze, vyznam pro
regenerativni medicinu

Tkanové (adultni) kmenové bunky

- regenerace a obnova tkani
- GIT, CNS, mesenchym

- regenerativni medicina, nadorova biologie
a 1 b
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Copyright © 2006 Nature Publishing Group
Nature Reviews | Genetics



P >
. <

* Kmenove bunky jako biomedicinsky nastroj (

Indukované pluripotentni kmenové bunky (IPSc) \//
Nobel prize 2012

- dospéla diferencovana bunka (fibroblast) je dediferencovana do pluripotentniho stavu (reprogramovana)

- diferenciace do zadaného bunécéneého typu

- regenerativni medicina, bunécna a genova terapie

Sox2 Growth factors
Oct3/4 Chemicals
KIf4

c-Myc

oo Su Aﬁﬁfii:mcells
goo pporting

——> O —

Reprogramming Differentiation

= C u iPS cells

Induction of Pluripotent Stem Cells
from Mouse Embryonic and Adult
Fibroblast Cultures by Defined Factors

Kazutoshi Takahashi' and Shinya Yamanaka'>*

' Department of Stem Cell Biology, Institute for Frontier Medical Sciences, Kyoto University, Kyoto 606-8507, Japan
2CREST, Japan Science and Technology Agency, Kawaguchi 332-0012, Japan

“Contact: yamanaka@frontier kyoto-u.ac.jp

DOI 10.1016/j.cell.2006.07.024




Indukovane pluripotentni kmenove bunky maji
vlastnosti embryonalnich kmenovych bunek

- Sox2 Oct4 Nanoi

% -ﬂdult Cell

_ iPS
- * reprogramming
‘ factors

hESCs

hiPSCs

“ “ iP5 Cells
¥
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= Kmenove bunky v Kklinickych apliakcich
Age-related macular degeneration

neovascularisation

>

Retinalni pigmentovy epitel




= Kmenové bunky nemusi byt jen pratelske

Nadorové kmenové bunky
- solidni tumor je vzdy heterogenni

- mala populace bunék s charakterem CSC muUze znovu
iniciovat rast tumoru a byt pfi€inou selhani terapie

Tkanova kmenova bunka

Tumorigenicita

Vysoka proliferativni
kapacita

Drugs that kill Tumor loses ability to  ...and tumor

CSC-Targeted  tumorstemcells  generate new cells..  degenerates

Cancer

Cancer
Therapy

jﬁ'i"l.p

&

o el

G—»@—» [

Drugs that kill ...but not cancer Tumaor shrinks,
tumor cells... stem cells but grows back

Nadorova kmenova bunka



= Bunécna diferenciace
- urcuje rozdily mezi tkanemi

Indukce diferenciace

Determinace -blast

Terminalni diferenciace




doi:10.1038/nrg3209

Diferenciace je urCena hierarchickou

a Celltype 1

transkripci genu
et S e O——B

leads to binary swuV "N-® R8>0 ®:B+0

Feedforward induction of transcription factors B and C
—
Cell type 2
Care)) \
Cross-antagonistic O " Q '

regulation of transcription

factors A and D Q-9 ©-®:06

DNA bending protein Enhancer Feedfor\sard induction of transcription factors E and F
1

Distal control

elements b
Transcription factor Transcription
: 0 factor network

&#l#immﬁ}¢¢$¢¢

s - o - o

Transcription
factors and mediator
proteins

- i - o

Activators

genes
.YI\YQMI; YA\Q/AE YI\‘IAYI\I: N/ YAYIJ: .‘IAYASAL:
RNA polymerase
‘Terminal selector’ regulation in, Hypothetical more complex regulatory
for example, C. elegans neurons logic in higher vertebrates

Nature Reviews | Genetics

Nonlymphoid
O lineages



» Tkane se lisi svym genetickym a epigenetickym profilem
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Vyslednou stavbu a funkci tkani urcuje projev rady strukturnich gent
— rizny v ruznych lokalizacich i éasovych usecich

doi:10.1038/nature10523



»Tkanovou identitu urcuji i extracelularni molekuly

Metabolity

Mezibunécné interakce

. Rastové faktory

Multipotential hematopoietic

Adhezivni stem cell (Hemocytoblast)
|
molekuly v
IL-6 .
(S;g’,;CSF Common Iymphoid progenitor
FLT-3 ligand | /L2
. TNF-a ﬁ;
Common myeloid progenitor TGF-B1 SDF-1
I
SCF SCF
TPO Epo GM-CSF
IL-3 IL-3 Small lymphocyte
GM-CSF GM-CSF
iL-1
. -2
O IL-4
Erythrocyte Myeloblast B lymphocyte IL-6
| IL-7
SCF SCE IL-3 SCF
G-CSF G-CSF IL-5 M-CSF
° T lymphocyte
Megakaryocyte GM-CSF GM-CSF  [Gm-csF GM-CSF ymphocy
iL-3 IL-3 IL-3
IL-6 iL-6 IL-6
\_’J ‘
Thrombocytes

B?;p;hil ‘} @ w @

Neutrophil Eosinophil Monocyte



= Mikroprostredi urCuje vlastnosti tkani a odrazi
jejich mikroskopickou stavbu

Do vlastni histologické stavby tkani se promita velké mnozstvi biologickych a
fyzikalné-chemickych parametru

* Procesy embryonalniho vyvoje

* Mezibunécné interakce

* Prostorové usporadani (dimenzionalita)

Gradienty morfogenu

&
K

Epigeneticky profil

Dynamika genove exprese

s
®
e~
2

Parcialni tlaky plyna
5‘8«\ . Slozeni ECM
* Mechanicka stimulace
» Perfuze a intersticialni toky
* Lokalni imunitni odpovéd

« Metabolity



Bone " Hone Ma l
Stem cell niche? Osteoblasts
Loading forces Osteoclasts
LY Prostaglandins Osteocytes
Adipocytes
Hormones Fibroblasts
(PTH, calcitonin, 1,25-OH Stromal cells
GH, steroids) Vitamin D3 Vascular endothelials cells
Immune cells
Elecf::r:);tsatic #, Hematopoietic stem cells(HSC)
| and their differentiated
Cortical Trabecular 1 progenies
bone Bone Mesenchymal stem cells (MSC)
(80% of total (20% of total -
bone mass) bone mass) e
=

ECM components

Fibronectin
Laminin
Collagens —
Apatite crystals (calcium 38%, phosphorus 18%)
Bone promoting proteins '
Bone sialoproteins

Osteonectin

Osteoprotegerin

Osteocalcin

Integrins

Alcaline Phosphatase .

Proteoglycans, Glycosaminoglycans : Chemokines

Osteopontin ‘ ‘ Growth factors s

MMPs & TIMPs Hormones

Receptors thsico-(nechanical forces

Adhesion molecules Biochemical regulators (pH, oxygen
concentration, nutrients...)
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= Mikroprostredi je klicove pro tkanovou homeostazu

yypoxia and metaboyjs,,

vessels

Chemokines

O

Androgens,
hormones

Mesenchymal

Wnt, Hh
. stem cells

Chemokine

Growth
receptors

factor
receptors

Stem cell

Basement
membrane

e

Buiress pue yogewuwen

Apoptoza
Regenerace
Senescence

Transformace



» Mikroprostredi je dulezité v patogenezi

[T Anti-growth signals Extracellular matrix Endothelial cells

© Growth signals

Cancer stem cell
specific therapy

8- &

Conventional Timor relapse
cancer therapy

Timor regression

‘ . Fibroblasts
& ~ Immune cells \ @ -

Invasion and

Angiogenesis metastasis

Self-sufficiency in Insensitivity to anti-
growth signals growth signals




Molekularni principy histogeneze




= Hox komplex a morfogeneticke pole

Urchins [

Hemichordates [ I

Urochordates [ I
Cephalochordates M
22 m—
ab .
rTeleost fish ::"‘
3
A mR
“Tetrapods i
0 mm
-Flies o
~Polychaetes [ I

m RN ) —

Nt
EEEEEEEE
‘

PHYLOGENY

doi:10.1038/sj.hdy.6800872

GENES FOUND KNOWN EXPRESSION

Priklad: Hox komplex

Vysoce konzervovana skupina

transkripCnich faktoru
urcujicich zakladni stavbu a
orientaci téla

Tkanova diferenciace podél
anterio-posteriorni osy

Neural Plate Field

Eye Field

Heart Field Hindlimb

Forelimb Field ~ Feld

Wnt

Al

Clovék (39 genii)
Cluster Chromozom Pocet Hox
genu
HoxA 7 11
HoxB 17 10
HoxC 12 9
HoxD 2 9




French flag model

Thresholds

Concentration

o OQ0¥Y0 ¢ C O .. 000vV0 QO o

\ e = P N o =2

¢ ) - ) x(\ \‘ \ L ] L& W [\_: »

[ - (._x' ‘ - -
x o :

Cellularphenotype: A A B B C C




= Temporo-spacialni exprese ruznych regulatort urcuje
finalni lokalizaci, orientaci a morfologii tkani a organu

A Progess zone

C D

l AER-FGF

Progenitor domains:

I stylopod
. Zeugopod
. Autopod

B Early specification/expansion

> »

C Two signal gradient D Differentiation front

FGF

‘ —>
RA
Sox9
Meis1/2 |Hoxal 1 |Hax513
Morphogen
concentration
Blue-White threshold
White-Red threshold i
Source Distance from

the source




Manipulace s AER nebo ZPA meni vyvojove instrukce

AER Limb development
removed p ceases

)

== §

Extra ng is
AER v
b —
— \ 4 ) \'
/ Leg

mesoderm ’
. Leg

Forelimb
mesoderm

AhR
Wing

\ . NO“(::;“b AER regresses;
B ,mesoderm limb development
e &: ceases
AER rcplaud Norn]al

b) FGF bead wing

—’ X S



Rust koncCetin definuji gradienty morfogenu z AER a
ZPA

Normal limb | | Additional polarizing region grafted | | - Small number of polarizing region

to anterior margin | cells grafted to anterior margin

Limb buds | posterior Anterior | | Posterior Anterior | | Posterior Anterior

polarizing

region apical ectodermal ridge

e L T

Concentration
of morphogen

Digits

Morphogen
concentration

Blue-White threshold

White-Red threshold i

Source Distance from

the source




= Thalidomid

HOX

Proliferace R, B

> | S ™
Vaskularizace A —

:

12 Tabletten -

Shh

Conterg;ag

Thalidomid




» \VV'yvoj ostatnich tkani se ridi podobnymi interakcemi

Ektoderm

neuroectoderm (neural tube)

neuroectoderm (neural crest)

- cranial and sensory ganglia and nerves

- adrenal medulla

- melanocytes

- pharyngeal arch cartilages

« head mesenchyme and connective tissue
« Schwann cells

- odontoblasts

surface ectoderm

- retina
« pineal body

« central nervous system

« posterior pituitary gland

« epidermis, hair, nails, cutaneous, and
mammary glands

« anterior pituitary gland

« enamel of theeth

« internal ear

« corneal epithelium and lens of eye

head mesoderm

« cranium (skull)
« connective tissue of head
« dentin

endoderm

epithelial lining of:
- respiratory tract (trachea,
bronchi, lungs)

« Gl tract (pharynx,
esophagus, stomach,
small and large
intestines)

« urinary bladder and
urachus

epithelial parts of:

« thyroid gland

« tympanic cavity

«+ auditory tube

« tonsils

« parathyroid glands
« liver

Entoderm e )

Trilaminarni zarodecCny disk

(3. tyden)

lateral mesoderm

« connective tissue and muscle of\
viscera

« serous membranes of pleura,
pericardium, and peritoneum
« blood and lymph cells

« cardiovascular and lymphatic
systems

- spleen
« adrenal cortex /

paraxial mesoderm intermediate mesoderm

» skeletal muscle of trunk and « urogenital system including

limbs except cranium gonads, ducts and accessory
» muscles of head glands

« dermis of skin
= connective tissue

Mesoderm



» \VV'yvoj ostatnich tkani se ridi podobnymi interakcemi

Povrchovy ektoderm

Neuroektoderm

Ektoderm

» Epidermis a jeji derivaty
= Rohovka a epitel Cocky
= Zubni sklovina

= Vnitini ucho

= Adenohypofyza

= Epitel ustni dutiny a ¢asti analniho kanalu

» Neuralni trubice a jeji derivaty:
- CNS

- Retina

- Neurohypofyza

- Epifyza

» Neuralni liSta a jeji derivaty:

- Kranialni, spinalni, autonomni ganglia, PNS

- Schwanovy buriky, glialni buriky,
- Chromafinni buniky nadledviny

- Enteroendokrinni bunky

- Melanoblasty

- Mesenchym hlavy a jeho derivaty —
faryngealni oblouky

- Odontoblasty

Hlavovy

Paraxialni

Intermedialni

Lateralni

Mesoderm

» Pojivova tkan hlavy, lebka, dentin

» Kosterni svalovina hlavy, trupu a
koncetin

= Dermis

» Pojivova tkan

» Urogenitalni systém + vyvody a
pridatné zlazy

= Visceralni pojivova tkan

» Serézni membrany pleury, peritonea
a perikardia

= Krevni bunky, leukocyty

» Kardiovaskularni a lymfaticky
systém

= Slezina

= Adrenalni kortex

Entoderm

= Epitel GIT s vyjimkou ustni dutiny a
Casti analniho kanalu

» Extramuralni zlazy GIT
» Epitel moCového méchyfe a trubice
» Epitel respiracniho systému

» Thyroidea, parathyreoidni téliska,
thymus

= Parenchym tonsil

= Epitel cavum tympani a Eustachovy
trubice



= Tkanove inzenyrstvi

Tissue
organization
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Engineered tissue
transplantation

/ Seeding in 3D
/ porous scaffold
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6. Pojivove tkane

Not only a tissue glue...




= Pojivova tkan a jeji funkce

Podminena mechanickymi vlastnostmi — spojovani ostatnich tkan,
kompartmentalizace, opora, fyzikalni a chemické prostfedi, imunologicka podpora, uchovani
zasobnich latek

Amorphous matrix

22 5 Collagen fibers
D

Fibroblast —————ee—

Macrophagei\"":?)\;/f :
-ymphocyte ~i=
’ Elastic fibers

Monocyte Reticular

fibers

Endothelial
cell

Pericyte




= QObecné slozeni pojivove tkane

VSechny pojivove tkané jsou slozeny z bunék a mezibunééné hmoty

Bunky pojivové tkané

Trvalé a pfechodné bunééné populace

— fibroblasty/myofibroblasty,

— buiky imunitniho systému,

— fagocytujici bunky;,

— adipocyty,

— adultni kmenové bunky;,

— specializované bunky chrupavky
(chondroblasty/chondrocyty)

— specializované bunky kostni

(osteoblasty/osteocyty/osteoklasty)

Mezibunécéna hmota

Fibrilarni komponenta
(vlaknita slozka)

— kolagenni

— retikularni

— elasticka

Interfibrilarni (amorfni) komponenta
(zakladni hmota amorfni)

— Komplexni matrix slozena z
glykoproteinu a proteoglykoan

— Konkrétni slozeni zavisi na konkrétnim

typu tkané (vazivo x chrupavka x kost)



» (Obecna klasifikace pojivove tkane
Embryonalni pojivova tkan

- Mezenchym
- Rosolovita pojivova tkan (Whartonav rosol, v dospélosti zubni pulpa, stroma duhovky)

Pojivova tkan v dospéelém organismu
- Areolarni (fidke, intersticialni) vazivo o L
i - Husté kolagenni neuspofadané vazivo Vlastni pojivova tkan
- Husté kolagenni usporadané vazivo
i - Elastické vazivo
: - Retikularni vazivo
i - Tukova tkan
i - Chrupavka
: - Kost

Specializovana pojivova tkan

- Krev a hematopoeticka tkan

_ Lymfaticka tka Troficka pojivova tkan (télni tekutiny)



= Embryonalni mesenchym

« Ridka houbovita tkan mezi zarodeénymi listy

* mezoderm; kraniofacialni mezenchym z bunék neuralni listy

* Prostorova sit hvézdicovitych nebo vretenovitych bunéek

* Rosolovita zakladni amorfni hmota Hensen's node  primitive strealc

epiblast

DEN 12 embryonalniho vyvoje

endoderm
m|grat| ng cells  displacing
mesoderm hvboblast

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 puvod pojivové tkané

Hensen's node  primitive streak

epiblast
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3. Kost




= (Obecné slozeni vaziva
Bunky

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

Migrujici (bloudive)

- Makrofagy pojivoveé tkané = histiocyty
- Plazmatické buriky

- Lymfocyty, granulocyty

- Heparinocyty

Extracelularni matrix (mimobunécéna hmota)

- VlIaknita (fibrilarni) slozka
- Zakladni amorfni hmota



= Bunky vaziva
Mesenchymal (adult) stem cells
CARTILAGE

% Chondrocytes MUSCLES
e i )
Osteocytes \ /' Myocytes

TENDON
& LIGAMENT SKIN
/ \

MSCs

Fibroblasts Flbroblasts
FAT CNS
v
Adipocytes gMARROWZ Astrocytes
Stromal cells

Koch et al. BMC Biotechnology 2007 7:26 doi:10.1186/1472-6750-7-26



» Mezibunecna hmota - fibrilarni komponenty pojiv
Kolagenni vlakna

skupina fibrilarnich proteinu kédovanych 28 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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= Syntéza kolagenu

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

Sly
Gly . Gly
. Structure of alpha chains

V RER dochazi k posttranslacni modifikaci (hydroxylace prolinu a lysinu — kofaktor vitamin C)

Retézce tvofi trojitou Sroubovici

—-—~ A mRNA § Translation of mRNA into amino acid

PV V VYWY sequence by ribosomes
Transcription ——Ribosome

of mRNA A — DD . . : y
Hydroxyproline i DN {3 ; ! Transfer RNA (tRNA) - amino acid complexes

Amino acid triple sequence { Proline template o P <—__ ! Q zétcz;ljenté)enbosome Insspecificianslation
Glycine G @ O ¥ o :

i 3| @ @ A ¢ @ ) — Growing polypeptide

) &2 chain

Intramolecular bond between a,
and a, chains

After exocytosis, procollagen
peptidase outside cell cleaves
nonhelical domains of
procollagen to form
tropocollagen.

Inside the fibroblast: for type I collagen, two «; and one
a, chains unite in a triple helix to form procollagen.

Qs

V GA je prokolagen dale modifikovan a sekretovan z bunky



= Syntéza kolagenu

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

" 1.~ Dark band
, & Light band

">

Overlap (light band) Gap (dark band)
Collagen fibril consists of regularly spaced, overlapp
tropocollagen units with a periodicity of 67 nm.
1 Mn% :
1 2 "?ﬁ‘

: S e
Y o5, g, A G Ay 4%

Collagen fibril is 20-100 nm in diameter. ;

Collagen fibers (about 2 ym in diameter) are made of bundles
of collagen fibrils that are cross-linked by proteoglycans and

v
Lv 4 fibril-associated collagens with interruptid triple helices (FACIT).

Collagen bundle (10-20 pm in diameter) is visible by
light microscopy and consists of groups of collagen /-
fibers oriented along the same axis.

= JORN ACRAIG




= 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
Vv Laminy svalovych bunék a adipocyt, placenta, Podobny IV
plodové obaly
Intersticialni tkan, chondrocyty - adheze spojeni mezi Skarou
VI (dermis) a pokozkou
(epidermis)
VIl | Bazalni membrana epitell
VIII | Nékteré endotely (rohovka)

Rustova ploténka, mineralizujici chrupavka

rdst kosti, mineralizace




= Kolagen ve svételném
mikroskopu



Julian Voss-Andreae
"Unraveling
Collagen",

2005

Orange Memorial Park -7 A
Sculpture Garden, City of Sl
South San Francisco, CA ' '




= Elasticka vlakna

* meéné pocetna nez vlakna kolagenni

* polymer — tropoelastin

« desmosin, isodesmozin

* minimalni tahova pevnost, pfi pfetazeni ztrata pruznosti

» redukuji hysterezi vaziva = diky své pruznosti usnadiuji navrat vaziva do puvodniho stavu po
mechanické zméné




= Retikularni vlakna

+ tvofi kolagenni (kolagen lll), prostorové sité

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







= Zakladni hmota

Amorfni, mezibunéna hmota (extracelularni matrix)

Bezbarva, prusvitna homogenni smés glykosaminglykanu, proteoglykanu a

strukturalnich glykoproteinu

proteoglycan collagen fibril

monomer

hyaluronic
acid

WY
AR,




» Glykosaminoglykany

linearni polysacharidy tvorené disacharidovymi podjednotkami - kyselinou
uronovou a hexosaminem

polysacharidy bohaté na hexosaminy - kyselé mukopolysacharidy

kys. glukuronova nebo iduronova

COOoH CHEC'H
0 0 0 O-t---
4 1 1
OH 4 s H

~—

glukosamin nebo galaktosamin



= Glykosaminoglykany

s
s

GLUCOSAMIN 15
CHONDROITI
ULFATE & MSM

Dietary Supplement




Figure 9.25b Proteoglycan structure in bovine cartilage

= Proteoglykany _

— protein + pfevazujici linearni sacharidova
slozka

— proteoglykanové agregaty

— vysoka schopnost vazat vodu
— objem zavisly na stupni hydratace

— aggrecan (chrupavka)
— syndekan
— fibroglykan

Chondraoitin sulfate /
“‘/4 \\.

Core protein \
— : |/ Hyaluronic acid

(b) Link protein’

From Mathews and van Holde: Biochemistry 2/e. © The Benj V/Ci ings Publishing Co., Inc.

\




= Strukturalni glykoproteiny

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

— fibronektin — spojeni mezi kolagennimi vliakny a
glykosaminoglykany, umoznuje normalni adhezi a
migraci bunek

— laminin — bazalni lamina — soudrznost epitelu

— chondronektin — chrupavka - adheze

chondrocytl ke kolagenu

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

- Embryonalni mesenchym

- Areolarni (fidké, intersticialni) vazivo

- Husté kolagenni neusporadané vazivo
- Husté kolagenni uspofadané vazivo

- Elastické vazivo

- Retikularni vazivo

collagen
fibres



Tukoveé vazivo

bila a hnéda tukova tkan

« adipocyty, fibroblasty, retikularni, kolagenni a elasticka vlakna
 vaskularizace
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= Hnéda tukova tkan

* vyvijejici se fetus a déti do cca 1 roku
* rychly zdroj energie a tepla
* mezilopatkovy prostor

* malé bunky s poCetnymi lipidovymi

kapénkami




Bila tukova tkan

« aktivni novotvorba adipocytu do véku cca dvou let
 schopnost hypertrofie

» bohata vaskularozace

* jedina tukova kapénka

 produkce hormond - leptin (adipokininy)

Lipid droplet
of adipocyte




= Doporucena literatura

Langman’s Medical
Embryology
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So what organ do we have here?
I'm just kidding, it's ok.

LiveR? ———-" It sucks having over a year of medical
Nope not liver. school under your belt and still not Nobody understands histology.
L\ knowing anything, huh?
24 ’ G
Pancreas?

Not pancreas.

xxﬂg
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Dekuji za pozornost

www.med.muni.cz/histoloqy

pvanhara@med.muni.cz
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