Kmenové bunky a hierarchicka
organizace tkani demonstrovana
na prikladu epitelu streva

Vitezslav Bryja



Kmenoveé bunky

» Pro zajemce o tuto problematiku:

Dr. Jifi Pachernik: Bi7575 Biologie kmenovych bunék
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Priprava mysich embryonalnich kmenovych buneék:

den 0 den6 den7 ~den 11 ~den 12 ~den 17
vymyti (2.5% trypsin) (0.25% trypsin) (dalé_i <_:yk|y zamrazeni
blastocysty trypsinizace)

v

trypsin

Nutna pritomnost proteinu LIF (leukemia inhibitory factor) a
podpurné vrstvy MEF (mouse embryonal fibroblast) bunék



A  Transgenic B Knock-in or Knockout

AT, Recormbinant DNA C:).m Targating vector
inﬂ;.
i Nobelova cena 2007 Gene targeted in
i ° o of tobend e e ) EScels trough
. . cocte -’ mokigou:
n Mario R. Capecchi, . I recominion
i Martin J. Evans and 1 N
Oliver Smithies e s
Za |

mdwﬁ . Targeted ES cells
principles for MOUSS STDIYS. G e
introducing specific |

gene modifications in e s
mice by the use of F‘“ :;“'“,L"m'“,:;gm - ——{" ko uderus of

H 1] mouse
embryonic stem cells |

7 Chimeric mouse bom
- sm (e
narmal mouse

e

Transgenic mouse Knock-in or Knockout mouse



Vyuziti mysich ES bunek pro transgenezi
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Embryonic Stem Cell Lines
Derived from Human
Blastocysts

James A. Thomson,* Joseph Itskovitz-Eldor, Sander S. Shapiro,
Michelle A. Waknitz, Jennifer ). Swiergiel, Vivienne S. Marshall,
leffrey M. Jones

REPORTS

XX karvotype after 6 months of culture and
has now been passaged continuously for
more than 8 months (32 passages). A period
of replicative crisis was not observed for
any of the cell lines.

The human ES cell lines expressed high
levels of telomerase actraty (Fig. 2). Telo-
merase 13 a ribonucleoprotein that adds telo-
mere repeats to chromosome ends and 1s
involved in maintaining telomere length,
which plays an important role in replicative
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Rozdily mezi mysimi a lidskymi ES bunkami
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Naive and primed pluripotency states of embryos and stem cells. Cell Science

State of pluripotency
Naive Primed

Mouse blastocyst Mouse epiblast Human blastocyst

Implantation

Epiblast

FGF2+activin ICM
+BIO
.
LIF+BMP4 FAB-SCs
LIF+BMP4
v
mESCs FGF2 hESCs

+activin
+Nodal 2i

_— > .

— GSK3_b inh.

2i/LIF MEK inh.

Naive hESCs
2i/LIF+FGF2+TGFB1+JNKi+p38i
or HDAC: followed by 2i/LIF+FGF2
Tim Pieters, and Frans van Roy J Cell Sci 2014;127:2603-2613

Naive and primed pluripotency states of embryos and stem cells. ICM cells from mouse blastocysts and their in vitro counterpart, mESCs, represent the ground
(naive) state of pluripotency. These naive stem cells express E-cadherin (E-cadh) both in vivo and in vitro. After implantation, epiblast cells are organized into a
cup-shaped epithelium, from which mEpiSCs can be isolated. Both mEpiSCs and hESCs depend on FGF2+activin+Nodal signaling and represent primed states
of pluripotency. Also, primed SCs — called FAB-SCs — can be isolated from blastocysts when treated with FGF2, activin and the glycogen synthase kinase 3
inhibitor BIO. Pluripotency states display plasticity and, by providing appropriate signals when, e.g. using specific inhibitors (2i) and cytokines, different types of
primed stem cell (i.e. mEpiSCs, FAB-SCs and hESCs) can be converted to naive stem cells. Images of the human blastocyst and hESC colony are courtesy of
Petra De Sutter and Katrien De Mulder (both at Ghent University), respectively.
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Indukované kmenove bunky - iPSCs

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

Kazutoshi Takahashi' and Shinya Yamanaka'**

! Dapartment of Stam Call Blology, Institute for Frontier Medical Sclences, Kyoto Unhversity, Kyoto 805-8507, Japan
2CREST, Japan Sclence and Technology Agency, Kawaguehi 332-0012, Japan

*Contact: yamanaka@ rontler ky olo-u.ac.jp
DO110.10167.cell 2006.07.024

SUMMARY

Differentiated cells can be reprogrammed to an
embryonic-like state by transfer of nuclear con-
tents into oocytes or by fusion with embryonic
stem (ES) cells. Little is known about factors

ek Rl AR e e e e | P

or by fusion with ES cells (Cowan et al., 2005 Tada
et al., 2001), indicating that unfertilized eggs and ES cells
contain factors that can confer totipotency or pluripotency
to somatic cells. We hypothesized that the factors that
play important roles in the maintenance of ES cell identity
also play pivotal roles in the induction of pluripotency in

snmatic orlls

IPSCs: Bunky s vlastnostmi embryonalnich kmenovych bunék,
které byly pfipraveny tzv. pfimym reprogramovanim kombinaci
transkripCnich faktoru



Indukované kmenoveé bunky - iPSCs
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Indukované kmenove bunky - iPSCs

2012 Nobel Prize in Physiology or Medicine

Shinya Yamanaka John B. Gurdon
University of Kyoto, Japan Gurdon Institute in Cambridge, UK
Fhota Credit;

Cevater for iPS coll Research and Application, Kpoto Uiniversity

Induced Pluripotent Stem (IPS) Cells

@
) @D cmyc
Fibroblasts IPS Cells

Mouse iPS cells reported in 2006
Human iPS cells reported in 2007




The many ways to make an iPS Cell

Retroviral or lentiviral transduction
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“Q - Tumors in chimeric animals
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Future goal is eliminate as many of the K,0,5,M factors as possible and replace them with
small molecules



Direct reprogramming — primé preprogramovani

Proces, kterym Ize s pouzitim kombinace transkrip¢nich
faktort (nebo inhibitorG/aktivatord signalnich drah) zménit
jeden bunécny typ v druhy.

Napf. gliové burnky v dopaminergni neurony:

ARTICLES

nature
biotechnology

Induction of functional dopamine neurons from
human astrocytes /in vitro and mouse astrocytes in a
Parkinson’s disease model

Pia Rivetti di Val Cervo!, Roman A Romanov??, Giada Spigolon?, Débora Masini?, Elisa Martin-Montaiiez'-,
Enrique M Toledo!, Gioele La Manno!, Michael Feyder?, Christian Pifl2, Yi-Han Ng?, Sara Padrell Sinchez!,
Sten Linnarsson!, Marius Wernig®, Tibor Harkany??, Gilberto Fisone® & Ernest Arenas!

Cell replacement therapies for neurodegenerative disease have focused on transplantation of the cell types affected by the
pathological process. Here we describe an alternative strategy for Parkinson’s disease in which dopamine neurons are generated
by direct conversion of astrocytes. Using three transcription factors, NEUROD1, ASCL1 and LMX1A, and the microRNA miR218,
collectively designated NeAL218, we reprogram human astrocytes in vitro, and mouse astrocytes in vivo, into induced dopamine



Kmenoveé bunky

ontogeneze

blastocysta vyvijejici se tkan (organ) dospéla tkan




K cemu jsou, jak vypadaji a jak jsou
regulovany kmenoveé bunky v
dospeélem organismu?




K cemu jsou tkanove specificke
kmenové bunky?

1) K zajisténi homeostazy

« v lidském organismu se prubézné obnovuji
celé tkane — napfr. vlasové korinky (doba
,zivota® 3-4 roky), epitel stfeva, epitel plic,
krevni bunky nebo jatra

2) K zajisténi procesu hojeni a regenerace



cell type
small intestine epithelium

stomach

blood neutrophils

white blood cells eosinophils
gastrointestinal colon crypt cells
cervix

lungs alveoli

tongue taste buds (rat)
platelets

bone osteoclasts
intestine paneth cells
skin epidermis cells
pancreas beta cells (rat)
blood B cells

trachea

hematopoietic stem cells
sperm (male gametes)
bone osteoblasts

red blood cells

liver hepatocyte cells

fat cells

cardiomyocytes

centrai nervous system
skeleton

fens cells

oocytes (female gametes)

Casy — délka ,,zivota“ bunék

turnover time
2-4 days
2-9 days

1-5 days

2-5 days

3-4 days

6 days

8 days

10 days

10 days

2 weeks

20 days
10-30 days
20-50 days

1 month

1-2 months
2 months

2 months

3 months

4 months
0.5-1 year

8 years
0.5-10% per year
iife-time
10% per year
fife-time
life-time

BNID

107812, 109231
101940

101940
109901, 109902
107812

110321

101940

111427
111407,111408
109906

107812
109214, 109215
109228

111516

101940

109232
110319, 110320
109907
101706, 107875
109233

103455
107076, 107077, 107078
101940

109908

109840

111451



Jak zjistit délku ,,zivota“ bunéek/intenzitu obnovy tkani?

Vyuziti pfechodného zvyseni *C z dob studené valky
(Jonas Frisén, Karolinska)

Nervové bunky mozkové klry
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Fig. 1. Determination of the age of neocortical neurons. (A) Neuronal (NeuN-positive) and nonneuronal (NeuN-negative) cell nuclei from the adult human
cerebral necortex were separated and isolated by flow cytometry. (B) The levels of 4C in the atmosphere have been stable over long time periods, with the
exception of a large addition of C in 1955-1963 as a result of nuclear weapons tests (blue line, data from ref. 26), making it possible to infer the time of birth
of cell populations by relating the level of "*Cin DNA to thatin the atmosphere (horizontal arrows) and reading the age off the x axis (vertical arrows). The average
age of all cells in the prefrontal cortex is younger than the individual (black arrows), indicating cell turnover. Dating of nonneuronal cells demonstrates they are
younger, whereas neurons are approximately as old as the individual. The vertical bar indicates the year of birth of the individual. *C levels from modern samples
are, by convention, given in relation to a universal standard and corrected for radioactive decay, giving the A™C value (50).



(Ne)Dynamika srdecnich svalovych bunék
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Fig. 1. Cell tumover in the heart. (A) Schematic figure demonstrating the
strategy to establish cell age by **C dating. The black curve in all graphs shows
the atmospheric concentrations of 1*C over the decades since 1930 [data from
(14)]. The vertical bar indicates the date of birth of the individual. The measured
14C concentration (1) is related to the atmospheric **C concentration by use of
the established atmospheric **C bomb curve (2). The average birth date of the
population can be inferred by determining where the data point intersects the x
axis (3). **C concentrations in DNA of cells from the left ventricle myocardium in

Fraction initial
cardiomyocytes surviving

average age of cardiomyocytes -

individuals born after (B) or before (C) the nuclear bomb tests correspond to
time points substantially after the time of birth, indicating postnatal cell
tumover. The vertical bar indicates the date of birth of each individual, and the
similarly colored dots represent the '*C data for the same individual. For
individuals born before the increase in **C concentrations, it is not possible to
directly infer an age because the measured concentration can be a result of **C
incorporation during the rising and/or falling part of the atmospheric curve, and
thus the concentration is indicated by a dotted horizontal line.
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Kde jsou tkanove-specificke
kmenoveé bunky a jak
vypadaji?



Vlastnosti tkanovych kmenovych bunék

» Kmenové bunky jednotlivych tkani a typu se
vzajemne liSi — co se tyCe napr. schopnosti
proliferovat nebo naopak zustavat zcela ,inaktivni*
(quiescent)

% V biologii kmenovych bunek maji zasadni vyznam
drahy kontrolujici embryonalni vyvoj — napfr. Wnt,
FGF, Hedgehog, Notch atd.

» Kmenové bunky zodpovedne za obmenu tkani v

ramci homeostazy se mohou liSit od tech, které se
aktivuji v procesu regenerace

» Kmenoveé bunky jsou pod kontrolou sveho
mikroprostredi — tzv. niky kmenovych bunék (stem
cell niche)



Nika kmenovych bunék — stem cell niche
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Prostredi kmenovych buneék (stem cell niche)

kostni diren

Figure 5 Proposed model of HSC development in the niche. HSCs are shown (dark
green) at the endosteal marmw adjacent to the bone's surface mainly at the
trabacular bone, and are postulated to migrate imward in the central mamow as they
differentiate {precursors in light green; differentiated calls in yellow, orange and red)
away from a possible gradient of self-renewal cues. (Adapted from ref. 44.)

Reya & Clevers 2005, Nature



Komplexita ,,stem cell niche*

Sg
Ore
(®) &
(3 By,
®

Chemokines

Androgens, D

hormones wnt, Hh

Chemokine Growth

receptors o

NrY, = receptors

Macrophages

Calcium
receptors

H\;pox'la and mefabofme
Buureos pue yopewwes!

T cells

Circadian

rhythm




Epitel streva jako modelovy priklad funkce
tkanovych bunék a hierarchické organizace tkani

» S vyuzitim kliCovych
objevu prof. Hanse
Cleverse (Utrecht) a
jeho animaci




Kmenové bunky strevniho epitelu




Kmenoveé bunky streva (2006)
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Hon za dospélymi kmenovymi bunkami — Lgr5

—
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strevni epitel — jak prokazat, ze je bunka
kmenova (Barker et al., Nature, October 2007)

A. Priprava transgenni mysi €. 1 za u€elem
zjistit, kde je novy potencialni stem cell marker
exprimovan (in vivo expression profiling). Lgr5
je exprimovan specificky v buikach ve spodni
casti krypty.

Figure 3 | Restricted expression of an Lgr5-lacZ reporter gene in adult

mice. a, Generation of mice carrying lacZ integrated into the last exon of the
Lgr5 gene, removing all transmembrane (TM) regions of the encoded Lgr5
protein. Neo, neomycin resistance cassette; SP, signal peptide; LRR, leucine-
rich repeat region; C-Ter is carboxy terminus. b—h, Expression of Lgr5-LacZ
{blue) in selected adult mouse tissues. b, €, [n the small intestine, expression
is restricted to six to eight slender cells intermingled with the Paneth cells at
the crypt base. d, &, In the colon, expression is confined toa few cells located
at the crypt base. f, g, Expression in the stomach is limited to the base of the

glands.




Cre-Lox systéem: Lineage tracing

A

Cre construct

Gane loous

prarmaber
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Rosads lotus I
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Reporter expression upon Cre recombination in all progeny
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= » Lineage tracing: genetické oznacCeni
GFP+ stem cell Induced GFP+ stem cell .~
buné&ného potomstva (progeny)
[aFp| |GFP| konkrétniho bunééného typu
- 1 e ol . Tanove specificky promotor — regulaéni
/ \ /’ m?\ oblast genu, aktivni pouze v konkrétnim
( T : [~ bunécéném typu
- + Cre-recombinaza — enzym schopen
\ G / N, d vyStépit usek mezi dvéma LoxP

sekvencemi
LacZ+ progeny cell  * Cre-ERT2 — verze Cre-recombinazy
indukovatelna 4-hydroxy-tamoxifenem (4-
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o * Rosa26 locus — usek genomu, aktivni ve
// \ f-ga vSech bunécnych typech
! _m;u_::  LacZ - gen kdduijici beta-galaktosidazu,
\ J jejiz aktivita se da vizualizovat pomoci

. substratu X-Gal (modré zbarveni)




Hon za dospélymi kmenovymi bunkami

a  Lgri-sxpressing cells

strevni epitel — jak prokazat, ze je bunka
kmenova (Barker et al., Nature, October
2007)

B. Priprava transgenni mysi 2, 3 a4 za
ucelem zjistit, co vSechno vznika z Lgr5-
pozitivnich bunék (Lgr5+ lineage tracing).
Lgr5 pozitivni bunky davaji vzniknout
vS§em ¢astem bunécéného epitelu.

Figure 5 | Lineage tracing in the small intestine and colon. a, Lgr5-EGFP-
IRES-creERT2 knock-in mouse crossed with Resa26-lacZ reporter mice 12 h
after tamoxifen injection. b, Frequency at which the blue cells appeared at
carrying activated Cre. c—e, Histological analysis of LacZ activity in small
intestine 1 day after induction (c), 5days after induction (d) and 60 days after
induction (e). f-h, Double-labelling of LacZ-stained intestine using PAS
demonstrates the presence of goblet cells (f, white arrows) and Paneth cells
(g, blue arrows) in induced blue clones. Double-labelling with synaptophysin
demonstrates the presence of enteroendocrine cells within the induced blue
clones (h, black arrows). i—k, Histological analysis of LacZ activity in colon 1 day
after induction (i), 5 days after induction (j) and 60 days after induction (k).




Hon za dospélymi kmenovymi bunkami

stfevni epitel —D. Zavér: Kmenové buriky d s -
epitelu tlustého i tenkého stieva jsou g L g :
protahlé, dfive nepovsimnuté buriky, v . “i
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Jsou si kmenové bunky rovhocenné?

&4 » Lineage tracing pomoci systému Confetti

CAG e wd- 03N-49d 4—

« Ctyfi LoxP sekvence ohraniéujici geny pro &tyfi fluorescenéni proteiny ) , RFP a CFP
* Cre-recombinazy nahodné stépi mezi dvéma LoxP misty
+ Kazda burika a jeji potomstvo, ve které probéhne rekombinace se obarvi , , €ervené a modrie

©©0®



Rosa26 locus in Mouse, Chré Cre recombination

Small Intestine




8 weeks

Intestinal Crypt Homeostasis Results
from Neutral Competition between
Symmetrically Dividing Lgr5 Stem Cells

Hugo J. Snippert,’ Laurens G. van der Flier,’ Toshiro Sato,' Johan H. van Es,' Maaike van den Born,'

Carla Kroon-Veenboer,' Nick Barker,! Allon M. Klein,* Jacco van Rheenen,' Benjamin D. Simons,® and Hans Clevers':*
THubrecht Institute, KNAW and University Medical Center Utrecht, Uppsalalaan 8, 3584 CT Utrecht, The Netherlands

“Department of Systems Biology, Harvard Medical School, 200 Longwood Avenue, Boston, MA 02115, USA

‘Department of Physics, Cavendish Laboratory, J.J. Thomson Avenue, Cambridge CB3 OHE, UK

*Comrespondence: h.clevers@hubrecht.eu

DOI 10.1016/j.cell.2010.09.016



Stem cell competition - movie

Clevers Lab | MivrmiuUs So




Stem cell niche v epitelu streva

Notch1
Olfm4
Fzd7
Cdca7
Tnfrsf19
Lgrs

3 Stem cell
Ofvs
_3 ¥ Paneth cell

Dii4

Tgfa
Egf
Wnt11

Wnt3

Defat

N

Lyz1

LETTER

d0i:10.1038/nature09637

Paneth cells constitute the niche for Lgr5 stem cells in
intestinal crypts

Toshiro Sato', Johan H. van Es', Hugo J. Snippert’, Daniel E. Stange', Robert G. Vries', Maaike van den Born', Nick Barker’,

Noah F. Shroyer?, Marc van de Wetering' & Hans Clevers'
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Stem cell niche v epitelu streva
Kondicionalni/tkanove specificky knockout genu
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Stem cell niche v epitelu streva

LETTER

Paneth cells constitute the niche for Lgr5 stem cells in
noteht  intestinal crypts

Olfma4 Toshiro Sato', Johan H. van Es', Hugo J. Smppert Daniel E. Stange', Robert G. Vries', Maaike van den Born', Nick Barker',
Fzd7 Noah F. Shroyer?, Marc van de Wetermg & Hans Clevers'

doi:10.1038/nature09637

srecht Institute, KNAW and University Medical Center Utrecht, Uppsalalaan 8, 3584CT Utrecht, the Netherlands. 2Cincinnati Children’s Hospital, Division of Gastroenterology, Medical Center, ML
Cdca7 ), 3333 Bumnet Avenue, Cincinnati, Ohio 45229, USA.
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Panetovy bunky jako ,,niche“ kmenovych
bunék streva




Organoidy

a Lgri-expressing cells

Organoidy Lﬂmwﬁ@ +Taﬂxgin
C. Lgr5 pozitivni bufiky in vitro davaji @5;5,

vzniknout kompletni villus-crypt —
strukture in vitro




Organoidy

Organoid je miniaturizovana a zjednodu$ena
verze organu rostouci in vitro ve 3D Kkulture,
ktera navic vykazuje realistickou mikroanatomii.
Organoid je odvozen z jedné nebo nékolika
bunék z tkané, embryonalnich kmenovych
bunék nebo indukovanych pluripotentnich
kmenovych  bunék, které se  mohou
samoorganizovat ve trfidimenzionalni kulture
diky schopnosti sebeobnovy a diferenciace.
Technika rustu organoidd se od pocCatku roku
2010 rychle zlepSila a byla jmenovana The
Scientist jako jeden z nejvétSich védeckych
pokrokul v roce 2013. (wikipedie)



Organoidy

Table 2 Organoid models from various organs and ESCs/iPSCs

- . . Downstream applica- Types of human
Tissue Source Organoid morphology Cell types in organoid tions tested diseases modelled
. . ) -Stratum corneum -Tamoxifen inductions
. Mouse lingual Spherical and budding . . . ) . )
Lingual stem cells organoids -Keratin 5/14* stem/progenitor cells -Lineage tracing Lingual carcinoma
-Granular cells of intermediate epithelial origin -Engraftment studies
-Lgrs* stem cells
-Lgri+ stem/progenitor cells i .
Taste bud Murine circum- Spherical and budding -UEASKE* intragemmal taste bud cells G Func’tlona_l ESSEFT . )
a u vallate tissue organoids -Gustducin-expressing, TLR3-expressing eTgeﬁxprEilg:;n;;sm
mature taste receptor cells ey ¥
-Sox9* proliferative cells in budding regions
_ hi i
Salivary Primary mouse -Ductal branching organoids ] CDE-‘J- ?D}%’gl.sftsmctce”ﬁ -Gene expression analysis H livati
gland cells -Lobular spherical organoids Cyto eratin - duct cells. -Transplantation studies yposafivation
-AquaporinS-expressing acinar cells
-CK14*, p63* small basal cells in the outer
-Spherical multilayered layer, large basal cells in the middle layer, and
Mouse‘human organoids CK13* cells in the central keratinized layer T ifen inducti
Oesophagus  adult cesopha- -Human Barrett's oesophagus -Integrin a/p, ™ differentiated and  ameaxiien Inductions Barrett's oesophagus
) . ) ; " Wi -Gene expression analysis
geal tissue organoids: budding mor- integrin ag/p," stem cells
phology -Barrett's cesophageal organoids express goblet
cells following differentiation.
-Microinjection and infection
-Mouse/hurman -Pylorus and corpus: spheri- -Pylorus: Lgrs* stem cells, mucous neck cells, model for H. pylor
adult tissue | id it cell te docri ! -Transcriptome profiling H finfecti
Stormach “Mousahuman cal organoids pit cells, enteroendocrine cells _ _Co-culture with mesenchy- . pyiori infection
ESCs -FGFl_D-drwe_n buddlnlg -Corpus: chief cells, mucous neck cells, pit mal cells -Cancer
-Human iPSCs events in pyloric organoids cells Adenafretroviral
transfections
-Adult tissue -Normal tissue: branching -Crypt-like dorg:;n ca?eiicar:ncse:hlsﬁ stem cells -Transplantation studies —Cy‘;t?ir:i:t?rrosis
. -Mousa/human organoids ) . p - -CRISPR/Cas9 gene editing )
Intestine ESCs _Diseased tissue: eystic and -Villus-like domain harbours villin* cells Cancer mutations -Infection model for
-Human iPSCs her mor hblg ies -Enteroendocrine and goblet cells scattered Transcriptome profilin viral and bacterial
pholog! throughout arganoid P P 2 infection
-Adult tissue —Nurma{l)tlssnl;ei;:uddlng -En_tﬁrl;gn;fcr:nc:tlzlzl s -Transplantation studies 18D
Colon -Mouse/human . red! ) -Transcriptome profiling
iPSCs -Diseased tissue: cystic -Goblet cells _Biobank -Cancer
morphologies -Enterocytes

-Lgrs* stem cells and bile duct cells
-Hepatocytes observed after inhibition of Notch



Liver

Pancreas

Prostate

Lung

Retina

Inner ear

Brain

Kidney

Organoidy

-Mouss adult
tissue
-Human iPSCs

Mousa‘human
adult tissue

Mousa‘human
adult tissue

-Mouse foetal
pulmonary
cells
-Human ESCsf
iPSCs

Mouse ESCs

Mouse ESCs

-Mousa‘human
ESCs
-Human iP5Cs
-Patient skin
fibroblasts

Human iPSCs

-Mouse organoids: spherical
-Human onganoids: cystic

-E10.5 tissue: branching
organoids
-Adult tissue: budding
organoids

-Mormal tissue: spherical
-Diseased tissue: branching
similar to morphology of can-
CEMUs organoids

Spherical organoids

Spherical organoids

Budding organoids

-Early-stage spherical
organoids
-Later-stage budding
organoids

-Early-stage spherical
organoids
-Differentiated stages have
budding morphology

& TGF-p pathways
-Hurman organoids contain Lgrs* stem cells,
ductal cells and hepatocytes
-Cholangiocyte organoids express differentiation
markers such as apical sodium-dependent bile
acid transporter, secretin receptor, cilia and
CFTR.

-Ductal organcids contain Lgrs+* stem cells
-Organoids from E10.5 murine pancreas can be
differentiated into exocrine and endocrine cells

-Cytokeratin S/p63* basal cells
-Cytokeratin 8+ luminal cells.
Lerd/Lgrs cells

-Uniform proximal Sox2 and distal Sox9
expression
-Proximal-like domains included basal, cili-
ated and club cells that were surrounded by
smooth-muscle actin
-Quter layer recapitulates retinal pigment
-lnvaginated layer resembles retinal optic cup
containing photoreceptors, ganglion cells, bipo-
lar cells and Muller glia

-Functional prosensory vesicles
-Otic vesicles also generate functional inner-ear
hair cells

-Early-stage organoids contain continuous
neuroepithelia
-Cerebral cortical regions contain outer radial
glia and cerebral cortical neurons

Differentiated organoids exhibit segmentation
as ducts, tubules and glomeruli

-Transplantation studies
-Transcriptome profiling
-Adenoviral transduction
-Whole-genome sequencing
-CFTR functional assays

-Engraftrment studies
-Lineage tracing
-Adenoviral transduction
-Transcriptome profiling

-Tamaxifen inductions
-Lentiviral infections

-Transplantation studies
-Cancer mutations
-RMA sequencing

-Transfection
-Transcriptome profiling
-Electrical excitation

Toxicity screening in
response to cisplatin

-Alagille syndrome
-Cystic Tibrosis

Cancer

Cancer

Cystic fibrosis

-Autism
-Microcephaly




Mozkové organoidy - minibrains

Lancaster MA, Renner M, Martin CA, Wenzel D, Bicknell LS, Hurles ME, Homfray T, Penninger JM, Jackson AP, Knoblich JA (September
2013). "Cerebral organoids model human brain development and microcephaly”. Nature. 501 (7467): 373-9.




‘Human organoids: model systems
for human biology and medicine

| Jihoon Kim', Bon-Kyoung Koo®'= and Juergen A. Knoblich®'“=

MNATURE REVIEWS | MOLECULAR CELL BIOLOGY VOLUME 21 | OCTOBER 2020571
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% g Optic cup/retina v
Salivary gland v v
F Thyroid 4 v
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Fig. 3| Reported human organoid systems by tissue of origin. The chart provides
information on the type (either pluripotent stem cell (PSC)-derived or adult stem cell
(AdSC)-derived), biobanking status and use in disease modelling of the human organoid
systems reported to date, summarized by organ.
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Vyuziti organoidu pro bunééné terapie poruch
funkce streva — napr. cysticka fibroza

Clevers Lab | mvrmus =0




Vyuziti organoidu — hadi jed a produkce antisér




Produkce materskéeho miéeka (laktacni

organoidy)?

Zuzalé"SumbéT:fl-ové Koledov3




Kmenoveé bunky streva (2006)
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Nedélici se zasobarna bunék (DllI1+) pro
pripad poskozeni a regenerace:




Nedélici se zasobarna bunék pro pripad
poskozeni a regenerace:

Epii;.hefium

Crygts 5

Epithelial cell =
Precursor cell ———

Paneth cell T

L Lgr5* stemn cell

Damage

Paneth cell
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K
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—

Quiescent Paneth-cell
precursor

T
— — QOther

differentiated
Lgr5* stem cell intestinal cells

a, The intestinal epithelium follows the distinct contours of villus—crypt units in the intestine. b, Normally,
Lgr5-expressing stem cells (Lgr5*) lead to the production of precursor cells that further differentiate into
the various types of crypt epithelial cell. Buczacki et al.! report that precursors of one type of differentiated
intestinal cell, Paneth cells, can persist for several weeks in a quiescent state before maturing into Paneth
cells. Intriguingly, these quiescent precursors can revert back into Lgr5* stem cells following crypt

damage.



