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Tkanove inzenyrstvi:
cesta k nahradam tkani a organu

|. Zakladni principy vyvoje tkani
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“Healing of Justinian” depicting the brothers Saints
Damien and Cosmos Transplanting a Homograft

limb onto a wounded soldier is often referred to as
the first historical reference to “tissue engineering”
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Pokusy o nahrady tkani a organu nejsou recentni zalezitost

Credit: Wikipedia
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Tkanové inzenyrstvi vyuziva burnky, biomaterialy a biochemické,

chemické a fyzikalni podnéty, a jejich kombinace, ke tvorbe tkani a

tkanim podobnym struktur.

A mini bioengineered human liver that can be implanted into mice. Source:
Sangeeta Bhatia, MIT
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Princip nahrady tkani a organl neni novy, sou¢asné mediciné se vSak nabizi nové

postupy postavené na pochopeni struktury a funkce tkani.
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VIR-183/96/182 cluster is an important morphogenetic factor
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Tkane Organy
*6 x 1013 bunék v * Funkéni seskupeni * Funkéni
lidskem tele morfologicky kombinace
e vice nez 200 podobnych bunék ruznych tkani

ruznych typu
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Funkcni, trojrozmérné, organizované seskupeni morfologicky podobnych bunék
a jejich produktt a derivatu

klasicka histologicka definice tkani je zaloZzena na
mikroskopické vizualizaci
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Parenchym: vlastni funkéni tkan konkrétniho organu
(jaterni, plicni, pankreaticky, ledvinny parenchym)

Stroma: okolni podpuUirna, intersticialni tkan

-4 ':,(' ‘-;‘N’(;‘z

Priklad: jaterni tkan

Parenchym:
Funkcni komponenta

- Hepatocyty
- Sinusoidy a pridruzené
struktury

Stroma:
Podplrna komponenta

- Vazivo a s nim spojené
struktury

- Cévy

- Uervy

- Zlucovody
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Epitelova

Svalova

Nervova

Poijivova

SOUCASNA KLASIFIKACE TKANI

Kontinualni, avaskularni vrstvy bunék s rtiznou funkci,
orientovanych do volného prostoru, se specifickymi
mezibuné&cnymi spoji a minimem mezibunécného
prostoru a ECM

Derivaty v8ech tfi zarodecnych listl

Obsahuji myofibrily = schopnost kontrakce
Derivat mezodermu - KS, myokard, mezenchymu - HS
Vyjimecné ektoderm (napt. m. sphincter a m. dilatator pupillae)

Neurony a neuroglie
Pfijem a prenos elektrického vzruchu
Derivat ektodermu, vyjimeéné mezenchymu (mikroglie)

Dominantni pfitomnost extracelularni matrix
Vazivo, chrupavka, kost, tukova tkan
Derivat zejména mezenchymu
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FUNKCNI BUNKY TKANI DIFERENCUIJI
Z KMENOVYCH BUNEK
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Knoblich JA. Asymmetric cell division during animal development. 2001. Nat Rev Mol Cell Biol
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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)

Multipotence @ o
- RUzné bunécné typy v ramci tkané e..
- Mesenchymalni SC, hematopoietické SC = /'@ —’

BFU-E
Hematopoietic 4
stem cell (HSC) [EFU-s cMP / \
Blast
— —P —) colony forming
U Yﬁ Meg -CFC
Self-renewal . .

Oligo- a unipotence

- Jeden nebo nékolik bunéénych typl — hematopoietické buriky, tkafiové
prekurzory (obnova epitel(l apod.)

Mast-CFC

GM CFC

GMP\EO -CFC
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CFU-E

G-CF(Q

M-CF(Q
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_,@ > a T-Lymphocyte
-P—) B-Lymphocyte

—> 0—»0 oo Erythrocyte

Megakaryocyte
/Platelets

Eosinophil

Neutrophil

Monocyte/
Macrophage
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)Q == g Mast cell

http://mww.embryology.ch/anglais/evorimplantation/furchung01.html
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Embryonalni kmenové bunky (ESCs)
- odvozeny z embryoblastu (ICM) blastocysty

- pluripotentni

- model rané embryogeneze a histogeneze, vyznam pro
regenerativni medicinu

- kultivacni artefakt, in vivo se nevyskytuji
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Tkanové (adultni) kmenové bunky Avorpive el Secrtory et
- regenerace a obnova tkani \\ i //

ey
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- GIT, CNS, mezenchym It J,'
- regenerativni medicina, nadorova biologie |
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Copyright © 2006 Nature Publishing Group
Nature Reviews | Genetics
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Indukované pluripotentni kmenové bunky (IPSc)
- dospéla diferencovana bunka (fibroblast) je pfevedena do pluripotentniho stavu

- diferenciace do zadaného bunécného typu

- regenerativni medicina, bunécna a genova terapie
Nobel prize 2012
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iPS cells

Induction of Pluripotent Stem Cells
from Mouse Embryonic and Adult

Fibroblast Cultures by Defined Factors Reprog Famace

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
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Nadorové kmenové bunky

- solidni tumor je vzdy heterogenni

- mala populace bunék s charakterem CSC mUze znovu

iniciovat rast tumoru a byt pfi€inou selhani terapie

Tkanova kmenova bunka

Tumorigenicita

Vysoka proliferativni
kapacita
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Nadorova kmenova bunka
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[ Anti-growth signals
© Growth signals

Angiogenesis

Extracellular matrix Endothelial cells

Fibroblasts

Immune cells

Invasion and
metastasis

Self-sufficiency in
growth signals

Insensitivity to anti-
growth signals

Cancer stem cell
specific therapy

B s oy

Conventional
cancer therapy
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Timor regression
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veles Do vlastni mikroskopicke stavby tkani se tedy promita velké mnozstvi

biologickych a fyzikalné-chemickych parametru

» Procesy embryonalniho vyvoje

Stem cell niche

* Mezibunécné interakce

* Prostorové usporadani (dimenzionalita)

Chemokines

o

Androgens,
hormones

» Gradienty morfogent
» Epigeneticky profil

Chemokine Growth
receptors etor

w z receptors,

Stem cell

« Dynamika genové exprese

» Parcialni tlaky plynua
Slozeni ECM
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Reakcné-difuzni systém

concentration  Production  Degradation Diffusion
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diffusion

THE CHEMICAL BASIS OF MORPHOGENESIS

By A. M. TURING, F.R.S. University of Manchester

(Received 9 November 1951—Revised 15 March 1952)

It is suggested that a system of chemical substances, called morphogens, reacting together and

A %A al 22

—=F(Al)+ D i — =G(AN)+ D, — i

- oz 1 = =GAN+ D — il
b 2l | N [ —
Reaction Diffusior Change of Reaction Diffusion

[I] per unit
time

TRENDS in Cell Biology

diffusing through a tissue, is adequate to account for the main phenomena of morphogenesis.
Such a system, although it may originally be quite homogeneous, may later develop a pattern
or structure due to an instability of the homogeneous equilibrium, which is triggered off by
random disturbances. Such reaction-diffusion systems are considered in some detail in the case
of an isolated ring of cells, a mathematically convenient, though biologically unusual system.
The investigation is chiefly concerned with the onset of instability. It is found that there are six
essentially different forms which this may take. In the most interesting form stationary waves
appear on the ring. It is suggested that this might account, for instance, for the tentacle patterns

on Hydra and for whorled leaves. A system of reactions and diffusion on a sphere is also con-
sidered. Such a system appears to account for gastrulation. Another reaction system in two
dimensions gives rise to patterns reminiscent of dappling. It is also suggested that stationary
waves in two dimensions could account for the phenomena of phyllotaxis.

The purpose of this paper is to discuss a possible mechanism by which the genes of a zygote
may determine the anatomical structure of the resulting organism. The theory does not make any
new hypotheses; it merely suggests that certain well-known physical laws are sufficient to account
for many of the facts, The full understanding of the paper requires a good knowledge of mathe-
matics, some biology, and some elementary chemistry, Since readers cannot be expected to be
experts in all of these subjects, a number of elementary facts are explained, which can be found in
text-books, but whose omission would make the paper difficult reading.

1. A MODEL OF THE EMBRYD. MORPHOGENS

In this section a mathematical model of the growing embryo will be described. This model
will be a simplification and an idealization, and consequently a falsification. It is to be
hoped that the features retained for discussion are those of greatest importance in the
present state of knowledge.

The model takes two slightly different forms. In one of them the cell theory is recognized
but the cells are idealized into geometrical points. In the other the matter of the organism
is imagined as continuously distributed. The cells are not, however, completely ignored,
for various physical and physico-chemical characteristics of the matter as a whole are
assumed to have values appropriate to the cellular matter,
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AER Limb development
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Limb buds

Concentration
of morphogen

Digits

region apical ectodermal ridge

Normal limb Additional polarizing region grafted Small number of polarizing region
B to anterior margin cells grafted to anterior margin
Posterior Anterior | | Posterior Anterior | | Posterior Anterior
Polariz
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Thresholds
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Proliferace

Thalidomidova embryopatie
« fokomelie

« amelie

« anocie/mikrocie
« anoftalmie/mikroftalmie

«  poskozeni ledvin, srdce, GIT, genitalu

Frances Oldham Kelsey, FDA
USA

Vaskularizace

Thalidomid

12 Tabletten -

Conterda

Hypnotikum
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Ektoderm

Entoderm

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

« pancreas

- o

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



