Biotechnologické procesy

Dnes o zivocisnych bunkach, potazmo pak o skupiné zivocCisnych bunék,
kterym rikame kmenové bunky

Blok III.

Vladimir Rotrekl @ 2020
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Biotechnologické procesy: Zivocisné tkanové kultury a kmenové buriky:

Sylabus

1) Uvod do Zivocisnych bunék a jejich specifik, potence a diferenciace, Hayflickuv limit, imortalizované linie, kultivace a
jejich diferenciace (vCetné large scale, GMP a industry grade)

2) Pouziti zivocisnych bunék k vyrobé |éCiv, pouziti ZivocisSnych, potazmo kmenovych bunék ve screeningu a vyrobé
|éCiv, vyuziti zivocisnych kultur v toxikologii

3) Zivociné bufiky a bunééna terapie, kde konéi transplantace a zaéind biotechnologie, metody, pfiklady, pozadavky

SUKL/EMA na jejich vyrobu a pouziti
4) Specidlni aplikace a vyhled do budoucna@3D kultivace, Organoidy, 3D tisk bunék,n vitro tvorba nahrazek tkani a
organ(, genova )

Vladimir Rotrekl @ 2020



Evans establishes

pluripotent stem cells from
mouse embryos (123). Martin
similarly isolates pluripotent
mouse cells and coins the term
“embryonic stem cell” (124).

Thompson et al. isolate and
culture the first human
embryonic stem cell line

from human blastocysts (126).

Clevers and colleagues generate
gut organoids from adult
intestinal stem cells upon
3D culture in Matrigel (34).

etinal organoids
are generated from
human pluripotent
stem cells (65).

2013-2014:

Kidney organoids are generated
by three independent groups,
generating ureteric bud (68).
metanephric mesenchyme (29),
or both (69).

Teratoma Embryoid body

Bissell and colleagues show

that breast epithelia organize
into 3D ducts and ductules when
grown on Engelbreth-Holm-
Swarm tumor ECM extract (27).
Jennings and colleagues show
similar structures with lung

cells (125).

Sasai and colleagues generate
3D cerebral cortex tissue from
pluripotent stem cells using the
SFEBq method (54).

Gut organoids are generated
from human pluripotent stem
cells in vitro (33). Later that year,
retinal organoids are generated
from mouse ES cells (64).

Brain organoids are generated
from human pluripotent stem
cells upon growth in Matrigel
and with agitation (28).

Organoid



Stale tady mluvi o organoidech!
...nechtél by uz treba vysvétlit, co to ten organoid je?



Co nazyvame organiodem

e 3D struktura odvozena z kmenovych bunék

&

(Smés bunék obsahuijici)
Kmenové burky Organoidy

Crownbio..



Height above flask bottom
(mm)

Co nazyvame organiodem

3D struktura odvozena z kmenovych bunék

Vykazuje schopnost ,,samoroganizace” na zakladé stejnych principu, jako modelovany organ
Obsahuje vice bunéénych typl (stejnych jako modelovany orgdn)

Struktura ziska a uchovava (alespon nékteré) specializované funkce modelovaného organu

Oxygen gradient in growth medium

2.0
1.8 ¢
1.6 ¢
1.4 1
1.2 1
1.0 +
0.8 +
0.6 +
0.4 +
0.2 + Cell layer

- 0.5 1.0 15 20 25 30 3.5 40 45

Incubation gas

Medium

Organoidy

Velikost organoidd je omezena difuzi kysliku
~ desetiny az jednotky milimetr(

Crownbio..



Co nazyvame organiodem

e 3D struktura odvozena z kmenovych bunék
e Vykazuje schopnost ,,samooroganizace” na zakladé stejnych principll, jako modelovany organ

samoorganizace

(Smés bunék obsahuijici) f
. Sféroidy
Kmenové buriky Organoidy

Adaptovano z Crownbio..



Co nazyvame organiodem

e 3D struktura odvozena z kmenovych bunék
* Vykazuje schopnost ,,samooroganizace” na zakladé stejnych principll, jako modelovany organ
e Obsahuje vice bunéénych typU (stejnych jako modelovany organ)

disociace samoorganizace

. (Smés bunék obsahujici)
Strevni krypta Kmenové bunky

Sféroidy

Organoidy

Adaptovano z Crownbio..



Co nazyvame organiodem

3D struktura odvozena z kmenovych bunék

Vykazuje schopnost ,samooroganizace” na zakladé stejnych principu, jako modelovany orgdn
Obsahuje vice bunéénych typl (stejnych jako modelovany orgdn)

Struktura ziska a uchovava (alespon nékteré) specializované funkce modelovaného organu

disociace samoorganizace rust jako v organu
{nad
= % >
S - @D - @ )
= ’kh‘ " *Nx.
o (Smés bunék obsahuijici) Sféroidy
Strevni krypta Kmenové buiiky Organoidy

Adaptovano z Crownbio..



Vyroba organiodu

e Ze smési primarnich bunék, obsahujicich bunky kmenové (dospélé) ‘ -

Resemble functional hepatocytes

\\A - /,-v
Liver perf Hep y 3D exp .. Recapitulate
P o hemli-hepatectony

B —ers=
T Hepatocyte organcids
\A

S

disekce disociace samoorganizace rust jako v organu : :

Engraft into dsmaged mouse liver

ED - &9 h

(Smés bunék obsahuijici)
Tenké strevo Stfevni krypta Kmenové buiiky

Sféroidy

Organoidy

Omezené moznosti zisku explantatu z Clovéka — vétSinou zvireci organoidy..

Adaptovano z Crownbio..



Vyroba organiod

e Jsme technologicky omezeni, co
dokazeme diferencovat z
kmenovych bunék in vitro..
* Ze smési primdrnich bunék, obsahujicich bunky kmenové (dospélé)
e Z pluripotentnich kmenovych bunék diferenciaci
e Zrakovinnych bunék odvozenych z rakoviny modelovaného organu

-~

disekce disociace samoorganizace rust jako v organu

&S >

(Smés bunék obsahujici)
Tenké strevo Stfevni krypta Kmenové buiiky

Biopsie napr. klize

Sféroidy
Organoidy

By Shiny ki

blastocysta Pluripotentni kmenové buriky Primokultura fibroblastt

a

Casn



V yl ro ba o r g a n i O d ﬁ Patient/xenoraft tumors

* Ze smési primdrnich bunék, obsahujicich bunky kmenové (dospélé)

e Zpluripotentnich kmenovych bunék diferenciaci -

 Zrakovinnych bunék odvozenych z rakoviny modelovaného orgénu R *
ﬁlterg

@¢
223

dissociated cells

disociace samoorganizace rust jako v organu

(Smés bunék obsahujici)
Kmenové burky

Tenké strevo Sféroidy

Stievni kryptakolorektalni karcinom/adenom Pluripotentni kmenové buiiky Adaptovano z Crownbio..



Co vSe musime vychytat, abychom vypéstovali organoid..

...technologie



a 2D culture 2D culture and ECM Variables

Od 2D kultury k organoidim

Medium with laminin | Supplemental ECM (optional)

Glass or plastic Mammary epithelial cells

b 2.5D culture
e Vzrustajici mnozstvi bunécnych kontaktu

(<] eors ré 4 d -4 4 [-]
* ECM composition
Medium with laminin Days fawess * ECM mechanics and rigidity
* Flow-over gradients
(-] ors s v [ 374 V4
e Vzrustajici potreba okyslic¢eni

Matrigel

MCF»IOA or
, or » . . v p . i 3D-embedded culture MBNR-acind
* Vzrustajici naroky na na mikroprostredi (,,niche“) o Gl B rimary e
primary single cells or stem cells
Davs * ECM composition
.. R * ECM organization and rigidity
o er s . * Stromal cells
* Vzrustajici komplexita kultury (kokultura) ok oechidigh-aelgradiants
* Precise patterning
Primary mammary epithelium Mammary organoids

* Vzrustajici komplexita Fizeni signalnich drah
Mechanically supported culture

Submerged Air-liquid interface

Weeks

Keratinocytes
* Stratified tissue organization
* ECM composition
* Stromal cells (in the same or separate

compartment)
‘Collagen and [Skin epithelium * Air-liquid interface, O, perfusion
fibroblasts * Immersion or rocker culture

Membrane

Brain slice : VOrgan exp]ant
Nature Reviews | Molecular Cell Biology Shamir, 2014



Faktory umoznuijici diferenciaci a tvorbu organoidii

Solubilni regulatory
e Hormony (glukagon, hydrokortison, tyroxin,...)

» Rlstoveé faktory a cytokiny (TGF-transformuijici réistovy faktor,
FGF-fibroblastovy rastovy faktor, interleukiny, ...)

* Vitaminy (D, ...)

* lonty (Ca++, ...)

* Cukry (glu — zrani L-bunék) y _ _
Zmény biochemismu a

Fyzické kontakty mezi bufikami (gap junctions) metabolicke aktivity
bunék — tim k urceni

Kontakt bunék s mezibunécnou matrix (kolagen, laminin, ...) osudu..

Polarita a tvar bunék

Fyzikalni parametry prostredi (teplota, tenze O,, ...)

-




,Niche” — klicové faktory mikroprostredi

niche” faktory (aneb recyklace

m O rfoge n ﬁ ) b Dissociate tissue into functional units
R-spondin, WNT ligandy, Retinova kyselina,
inhibitory GSK3f3 a TGF-3

L 4
EGF, FGF, HGF, inhibitory HDAC i & i
Noggin, Activin A, Gastrin, inhibitory p38 ! e _ A
ECM faktory
Kolagen, Laminin, Entaktin, Fibronektin e ">\
y 4 .{:’Q\
Diferenciacni faktory : 4

BMP, TGF-b, Inhibitory NOTCH, EGF
R-spondin, WNT, Noggin

d ESCs/PSCs



,Niche” — klicové faktory mikroprostredi

Odpovida Tvorba DE (E7) Vyvoj zadniho Model strevni

. “ blastocyste E5 stfeva (E18+) krypty
niche” faktory (aneb recyklace

morfogeni)
R-spondin, WNT ligandy, Retinova kyselina,
inhibitory GSK3[3 a TGF-f3

EGF, FGF, HGF, inhibitory HDAC tf;cstgénopé CHIR + FGF4 Noggin + R-Spondin

Noggin, Activin A, Gastrin, inhibitory p38 specmcatlon +10% FBS EGF intestinal media
— —
i Definitive CDX2+ Hindgut Mesenchyme-containing
EC M fa kto rv endoderm spheroids (MC) intestinal organoids
Kolagen, Laminin, Entaktin, Fibronektin Day 0 Day 3 Day 8
Dorsomorphin CHIR, 0 P RNA-seq
e I Y SB (DS/SB BMP4, RA
Diferenciacni faktory C0 R Cw.oor
ol . B0 » * , ﬁ NKX2 1~ Mesenchyme-free (MF)
BMP, TG F'b, Inh|b|t0ry NOTCH, EGF i‘}@ . @ mtestmal organoids
R-spondin, WNT, Noggin hiPSC Definitive Gut tube CD47'“
endoderm progenitors il 1o+r — oA -seq
Day 0 Day 3 Day 6 Day 15 Alveolospheres Day 42

Mital a kol., Nature Comm, 2020



Faktory umoznuijici diferenciaci a tvorbu organoidii
Extracelularni matrice umoznila 3D kultivaci a diferenciaci

Migrace

/ Proliferace
//

Genova exprese

Bunécna adheze:

* Aktivace integrin&/i/
vazbou na |
Laminin/Fibronektin |

Preziti

Zastava bunécéného cyklu
e Absence adheze

Apoptdza

Senescence



Faktory umoznuijici diferenciaci a tvorbu organoidii

Extracelularni matrice umoznila 3D kultivaci a diferenciaci

laminin/fibronektin extracelularni matrice (ECM)

Resting state Av.‘m state Oligomerization
ISSOCH

i ation i (}_O "
o B == [ntegriny
P,

© n
g bq‘ndin Signal transduction
% ’ I Nieberler, Cancers, 2017
=
Bunecna ERK AKT GSK3P

signalizace

$ @ ¥

PROLIFERACE PREZITi MIGRACE



,Niche” — klicové faktory mikroprostredi

Faktory mikroprostredi kopiruji mikroprostredi cilového organu, pripadné jeho embryondlniho vyvoje

Autokrinni spolu s parakrinnim signalovanim a adhezi indukovanym
signalem urcuje osud bunky..

Sebeobnova Kme[\ové ..(byt & nebyt, sebeobnovovat se &i diferencovat atd..)
Activin A bunka
FGF
'\ 6 “ Parakrinni \ 6
signal
BMP4 Autokrinni
WNT signal

Diferenciace

Mattingly, WIREs Dev Biol 2015



,Niche” — klicové faktory mikroprostredi

Faktory mikroprostredi kopiruji mikroprostredi cilového organu, pripadné jeho embryonalniho vyvoje

Sebeobnova
Activin A
FGF

Kmenova
bunka

BMP4
WNT

Diferenciace

Duct formation

WNT signaling

EDA/EDAR .

EGF family End bud formation

HH signaling ¥\ FGF family

NOTCH signaling N EGF family

VIP BMP family
EDA/EDAR

HSPGs

Innervation
GDNF tamily Progenitor cells
NOTCH signaling FGF family
HH signaling EGF family
GDNF family
Cleft formation ACh signaling
HSPGs NOTCH signaling
Collagens
Laminins Lumen formation
Fibronoon WNT signaling
FGF family EDAEDAR

HH signaling
VIP

Mattingly, WIREs Dev Biol 2015



,Niche” — klicové faktory mikroprostredi

Faktory mikroprostredi kopiruji mikroprostredi cilového organu, pripadné jeho embryondlniho vyvoje

Sebeobnova Kmenova
Activin A burka
FGF

@

streak

Chordin

Signalni drahy fidici tvorbu embrya (primitivniho prouzku)
A Anterior visceral
@/endodenm

&’\ Early primitive

C Oropharyngeal
@/ membrane

Prechordal Shh
plate \® Cerberus-related 1

Goosecoid
HNF-3f

Dorsal =———> Neural
ectoderm plate

Notochord Noggin
Nodal 99
\7913 Chordin] ‘T
BMP4 WNFap  BMP
B HNF3[
WNT c&‘::g‘f Cerberus-related 1
HeSXL Shh —» Later inductions of;
endoderm Y gu_z FGF-8 floorplate
m-1 ‘ Goosecold somites
tv
sg;:a' o HNF-33 dorsal endoderm
Primitive Activin
e Chordin
Nodal
L] o shh
Diferenciace Goosecoid | s
HNF-3( Regressing ge
primitive
streak

Nodal
Wnt-3a
Cripto

T gene
(brachyury)

Primitive
streak

Embryonalni vyvoj

@Jeokc s

Zygota Morula gjastula

Signaling molecule
Transcription factor

Blastocysta Primitivni prouzek



,Niche” — klicové faktory mikroprostredi

Faktory mikroprostredi kopiruji mikroprostredi cilového organu, pripadné jeho embryondlniho vyvoje

Signalni drahy fidici tvorbu embrya (primitivniho prouzku)

Sebeobnova Kmenova
Activin A bunka
FGF Retinova kyselina
BMP4 Ustaveni AP osy
WNT RA indukuje tvorbu ektodermu z PSC
Raldh2 SS3ssss
l -
iRA’& Ectoderm
/I -
+RA —p ] i
A Fape FGF 4 BMP4 —» non-neural ectoderm f Wnt8a/c : e
S Wl :
dP- Erk1/2 {‘ Fgf S|gnalhng Endoderm
Nanog neural ectoderm "" :;N‘nt:a Zhang, PLOS 2015 )
rachyury
Fgf5-high, Rex1- ,
primitive ectoderm lineage commitment Ribes, Development 2009

Stavridis, Development, 2010 -like cell



,Niche” — klicové faktory mikroprostredi

Faktory mikroprostredi kopiruji mikroprostredi cilového organu, pripadné jeho embryondlniho vyvoje

Signalni drahy fidici tvorbu embrya — pouziti pro

K 3 diferenciaci in vitro
Sebeobnova menova

burk g k2
Activin A unka e\ R ] T
/‘\ ’f‘_: A ’—-Epldc'r'a Stem Cells
wm ZY:"‘ ctoder zk‘c\rﬁigﬁc

PIP PDK1 Ectoderm — genitor Cell
PLK/GIT — Neuro

i A LRP a Neurons
‘ Neural Stem Cells = Astrocytes
L—o igodendrocytes

& st
Ii%ﬂ GSK 3p

nir

CK1 & A’
BMP4 / g

7056K
b ERKW/Z o

Diferenciace

JAK

ccccc

Jagged / Delta
Presenting Cell




Tkanové kultury — tvorba organoidd..

Faktory mikroprostredi kopiruji mikroprostredi cilového organu, pripadné jeho embryondlniho vyvoje

Signalni drahy fidici tvorbu embrya — poufziti pro
diferenciaci in vitro

Activin A Minimal media

Mesendoderm Ectoderm/neuroectoderm

Wnt3a ' Bmp4
Fgf9 20% KSR \ 1.5% KSR

Fgf4 y N
- il \ / \

Hindgut endoderm Intermediate mesoderm Neuroepithelium Retinal epithelium

Matrigel RA Mat+rigel 2% matrigel
agitation

Intestinal organoid Kidney organoid Cerebral organoid Optic cup organoid




Tkanové kultury — tvorba organoidd..

Gastric organoid

Brain organoid

Pluripotent stem cells

McCracken et al., Nature 2014
Noguchi et al., Nature Cell Biology 2015
McCracken et al., Nature 2017

Tissue stem cells
Barker et al., Cell Stem Cell 2010
Stange er al, Cell 2013
Bartfeld er al., Gastroenterology 2015

Liver organoid

Pluripotent stem cells
Lancasteret al., Nature 2013
Qian et al., Cell 2016
Dang et al., Cell Stem Cell 2016
Garcez et al., Science 2016
Bagley er al., Nature Methods 2017
Lancaster et al., Nature Biotechnology 2017

Pluripotent stem cells
Takebe er al., Nature 2013
Sampaziotis et al., Nature Biotechnology 2015
Ogawa et al., Nature Biotechnology 2015
Takebe et al., Cell Reports 2017

Tissue stem cells

Huch et al., Nature 2013
Huch et al, Cell 2015
Broutier er al., Nature Medicine 2017

Cardiac organoid

Pluripotent stem cells

* Ma et al., Nature Communications 2011
* Ronaldson-Bouchard er al., Nature 2018

Intestinal organoid

Pluripotent stem cells
Spence et al., Nature 2011
Watson er al., Nature Medicine 2014
Uchida er al., JCI Insight 2017
Munera et al., Cell Stem Cell 2017
Crespo et al., Nature Medicine 2017
Workman et al., Nature Medicine 2017

Tissue stem cells
Sato et al., Nawre 2009
Jung et al., Nature Medicine 2011
Yui et al., Nature Medicine 2012
Fordham et al., Cell Stem Cell 2013
Schwank et al., Cell Stem Cell 2013
Gjorevski et al., Nature 2016



Tkanové kultury — tvorba organoidd..

Vyuziti organoidu

-y Spatially restricted
Modelovani chorob "ngage c’;mmitment\

Testovani léCiv

Transplantacni medicina

Therapeutic

Genova lécba
potential

Disease

Patient-derived modeling
iPSCs
( Drug
\ testing

Disease /

mutation

Genetic Organ
correction replacement



Jak to vsechno zacalo..

..aneb zrod organoidu



Zivocisné tkanové kultury - organoidy

Strevni epitel se obnovi kazdych 4-5 dni

Maturované bunky apoptuji na vrcholu
klka

{

{ Nové bunky diferencuji z kmenovych

bunék




Zivocisné tkanové kultury - organoidy

Apoptoza

—N

Diferenciace

Proliferace

Barker et'al. Nature 2007

Intestine

Adult epithelial tissue

villus|

crypt

adult epithelium

Kmenové buriky stfevniho epitelu

stem cell
compartment
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Zivocisné tkanové kultury - organoidy
Izolace primokultury kmenovych bunék ze stfrevniho epitelu

Sortovani pritokovou

Apoptéza cytometrii (marker GFP-Lgr5)

disociace

GFP

== Kmenové buriky stifevniho
epitelu (Lgr-GFP) v kulture

Diferenciace

Proliferace

Barker et'al. Nature 2007

Kmenové bunky strevniho epitelu




Zivocisné tkanové kultury - organoidy

Rust organoidl z kmenovych bunék stfevniho epitelu

Day 0 Day 1 Day 2 Day 3 Day 4

Day 10 Day 11

Proliferace pouze v krypté klku
(Cervenad = proliferace)

Sato, Nature 2009

PIné vyvinuty organoid
(,,ministfevo”) s funkénimi klky
strevniho epitelu
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Zivocisné tkanové kultury - organoidy

,ministrevo” obsahuje vsechny typu bunék strevniho epitelu

Day 13 Enterocyty Poharové bunky Panethovy buriky Enteroendokrinni buriky

a b C d
Lu

Sato, Nature 2009




Zivocisné tkanové kultury — organoidy a priklady uZiti

Modelovani idiopatického stfevniho zanétu ve strevnich organoidech

Human origin Intestinal organoids Disease modelling

Coculture
with cytokines,
immune cells
or bacterial
components

iPSC

= Phenotypic
= analysis
5»-\\}
= High
- -~ (‘.KJ‘ -
Tissue specific throughput
stem cell drug screen?

Schulte, Stem Cells Int., 2019



Zivocisné tkanové kultury — organoidy a priklady uZiti

Mechanizmus infekce zaludecni sliznice bakterii Heliobacter pylori

50% populace je nakazeno

90% bezpriznakovy prubéh (docasny)

Vétsina pripadl zaludec¢niho viedu je asociovana s H.pylori

IV e

H.pylori je karcinogen l.tfidy (hlavni pri¢ina karcinomu zaludku)




Zivocisné tkanové kultury — organoidy a priklady uZiti

Mechanizmus infekce zaludecni sliznice bakterii Heliobacter pylori

Zeleny H.pylori (zelena) asociuje s proliferujicimi

. .. ] bunkami (kmenovymi) zaludecniho epitelu
Zaludecni organoidy infikovany H.pylori

Bartfield, Gastroenterology 2015



Zivocisné tkanové kultury — organoidy a priklady uZiti

Mechanizmus infekce zaludecni sliznice bakterii Heliobacter pylori

a b MUCSAC CDH1 DAPI
Zaludecni organoidy infikovany H.pylori

) - R

,- Helicobacter pylori

Asociace s C-MET receptorem

\

Epitelialni proliferace

Otevira cestu k testovani a soucasné predstavuje robustni skriningovy systém selektivnich inhibitor(i/antagonist(l c-met receptoru..



Zivocisné tkanové kultury — organoidy a priklady uZiti

ré

Plicni organoidy

Alveolar

Bronchoalveolar

Pluripotentni kmenové bunky

D3 D5 D7 D10 D14 (D, days)
Human iPS Cells Anterior Foregut Lung Bud Mature Lung
Endoderm (SCC301) Organoids Organoids
SCM30S B e . - S “

SCM306 ,

SCM302 SCM307 SCM308 »
e [ 3 .
Fibronectin Matrigel/Insert ’

o
Day 20-25 Day 40-60

Sigma/Merck



Zivocisné tkanové kultury — organoidy a priklady uZiti

Plicni organoidy

MNMRRCO K Sigma-Aldrich Bwlar

= Definitive Endoderm Induction Medium (SCM302)

| Anterior Foregut Endoderm Induction Medium | (SCM305)
Anterior Foregut Endoderm Induction Medium Il (SCM306)
@ 3dGRO™ Lung Organoid Branching Medium (SCM307)
3dGRO™ Lung Organoid Maturation Medium (SCM308)
Pluripott Human iPSC Derived AFE Progenitors (SCC301)

D14 (D, da;s)
Human iPS Cells Anterior Foregut Lung Bud Mature Lung

Endoderm (SCC301) Organoids Organoids

R

SCM305
e T SCM306
il SCM302  scm307

=) ey
Fibronectin

Day 0 Day 8 Day 20-25 Sigma/Merck
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Zivocisné tkanové kultury — organoidy a priklady uziti

Plicni organoidy : personalizovana medicina pro pacienty trpici cystickou
fibrozou

Mutace genu CTFR chloridového kanalu

Husty hlen, ztézujici dychani

* Primérny vék doziti dospélych s CF je 44 let

Cystic fibrosis is a
hereditary disorder
characterized by lung
| congestion and infection
and malabsorption of
nutrients by the pancreas

FADAM.
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Zivocisné tkanové kultury — organoidy a priklady uZiti
Strevni organoidy : personalizovana medicina pro pacienty trpici cystickou
fibrozou
ATP

* Forskolin otevira CTFR kanal: Forskolin Adenylat cyklaza
cAMP I I

Forskolin

I

 Otevreni CTFR — bobtnani orgnoidu:

Strevni organoid
0 min

e 4 - |
.

Forskolin

StemCell Technologies
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Zivocisné tkanové kultury — organoidy a priklady uziti

v 4

Strevni organoidy : personalizovana medicina pro pacienty trpici cystickou

Forskolin otevira CTFR kanal:

Firma Vertex:

Skrining >2000 mutaci
Nalezeny dveé ucinné latky

V soucasnosti povoleny k lécbé
jako lék ORKAMBI

fibrozou

Zdravy jedinec  Pacient s CF

60-120 min

Forskolin

VX-809 + VX-770
Control VX-809 VX-809 + VX-770 + CFTR inhibtion Control

t=0
¥
HC

t=60

(F508del F508del)
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Zivocisné tkanové kultury — organoidy a priklady uziti

Strevni organoidy : personalizovana medicina pro pacienty trpici cystickou

fibrézou
Zdravy jedinec  Pacient s CF

* Forskolin otevira CTFR kanal:

Danska zdravotni pojistovna zaplatila takovy
skrining pro cca 200 déti.

Pokryta vétSina mutaci CTFR (a jejich odpovéd na
|é¢bu vybranymi léky

CF (F508del F508del)

Firma Vertex:
e Skrining >2000 mutaci t=0

* Nalezeny dvé ucinné latky

* V soucasnosti povoleny k lécbé
jako lék ORKAMBI

t=60




Zivocisné tkanové kultury — organoidy a priklady uZiti

Lidské organoidy jsou vhodné k editaci genomu s pomocé CRISP/Cas9

Oprava genu CTFR ve stfevnim organoidu

CFTR mutant organoids | .,ﬁgt,}?)
& £
W b )_:;1:;25
CFTR mRNA "} + Forskolin
a0 Bher =
| genomic CFTR  F508de - 2
Y ot
L W

{ v

L [ CRISPRICas9 mediated repairl

( targeting vector ) R
— o oo

) -
A H = .
iy genomic CFTR CRISPR/Cas9 ds-bre

] v

CFTR repaired organoidsl

A
A Ny,
<557 &
IZ;
D goud

/\/\\/-. P&l 'r. Forskalin

genomic CFTR  508-corrected

forskolin .

.
-

Organoidy:

Nesouci mutaci CTFR
(nemocny)

Opraveny gen CTFR

Podafrilo se obnovit funkci CTFR genu v organoidu.. teUmin ¢ = 60 min



Zivocisné tkanové kultury — organoidy a priklady uZiti

Lidské organoidy systematicky pristup k hledani novych léciv

Tvorba a vyuziti biobanky s organoidy k systematickému hledani u¢innych protinddorovych latek

Pacienti s rakovinou tlustého streva:

Biopsie rakovinné a zdrané tkané

Vyroba organoidu

Analyza genomu a transkriptomu

Skrining léCiv

Patient Surgical resection QOrganoids Analysis Association
DNA sequence
; Normal | |
r AGCTGOGTCAGATACTACGASTCTYO
- N o0 19 RNA expression
r/"
Iy i\ m.""’“ : Tumor — ;
/B "
(¢ . (88 5 :) 22 ~ Drug screen
20 V=5 =
DNA sequence
" ! i
5 v,
E
2
",
©
E
a
o
<)
&
©
2
[5)
<]
5
= van de Weteri

van de Wetering, Cell 2015

Dnes k dispozici stovky
pacientu:

e Rakovina tlustého streva
e Rakovina prsu

* Rakovina vajecnik(

e Rakovina slinivky

...a bio+databanka neustale
roste



Zivocisné tkanové kultury — organoidy a ptiklady uziti
Transplantace strevnich organiodti

1. Transplantace organoid( do mista poskozené tkané

Biopsie
+kultivace Transplantace
funkéniho do poskozené
-~ organoidu tkané

2. Transplantace organoidu s editovanym genomem (zatim spiSe model rakoviny)

Biopsie

+kultivace CRISP/Cas9 Transplantace =
funkéniho carcinogenesis  mysi rakovinny
organoidu model

Y



Zivocisné tkanové kultury — organoidy a priklady uZiti

Transplantace strevnich organiodti

Mouse colon organoids can be Spontanni colitida s
successfully transplanted VVSOkOU mortalitou
/ Colon stem cell Transplantation to
&&/ /,/’—\ rﬁ\f,\(q RFP sort damaged colon
LgrS-CreERTZ R26R- Confett| mouse Rag2” mouse

Distal <€——>» Proximal

with Mamoru Watanabe Yui et al. Nature Medicine 2012



Zivocisné tkanové kultury — organoidy a ptiklady uziti

Transplantace jaternich organiodu

Hubrecht
. Institute

Human liver organoids can engraft 1
' : o M
in damaged mouse livers J/ '\

All/'l;'rf\g
W |
A

CCl,/Retrorsine acute liver damage model dB

B
intrasplenc d ©
organoid

transglantation
¥ Fi
I &/
[
b{ I |




Zivocisné tkanové kultury — organoidy a priklady uZiti

Mozkové (neuralni) organoidy — modelovani chorob..

'A_| Semrau S, van Oudenaarden A. 2015.
Annu. Rev. Cell Dev. Biol. 31:317-45

Science & So

clety
Printing organs cell-by-cell i

3-D printing is growing in populsrity, but how should we regulate the applcstion of this new
technolagy to health core?

G Vogel Science 2013;341:946-947



Zivocisné tkanové kultury — organoidy a priklady uZiti

Mozkové (neuralni) organoidy — modelovani chorob..

Angelmanuv syndrom — dfive nazyvan ,Happy puppet”
- drobna postava, mensi hlava (ale ne mikrocefalus)
- vazna mentalni retardace
- epileptické zachvaty
- motorické problémy
- problémy s rovnovahou
- dité se nadmérné (nelimérné) sméje
- mutace genu UBE3A na X chromozomu — kdduje ubikvitin ligazu E3A

Modelovani choroby:

Zdroj: Wiki

UBE3A KO
hESC

Sun AX. et al. Science 366, 1486-1492 (2019)



Zivocisné tkanové kultury — organoidy a priklady uZiti

Mozkové (neuralni) organoidy — modelovani chorob..

Angelmanuv syndrom — dfive nazyvan ,Happy puppet”

Modelovani choroby:

UBE3A KO
hESC

Sun AX. et al. Science 366, 1486-1492 (2019)

 UBE3A ma za ukol degradaci draselného kanalu BK

* Neurony vykazuji zvySeny draslikovy proud

* Antagonista BK kanalu Paxillin dokdze normalizovat hyperstipmulaci neuron( a

zabranit epileptickym zachvatim u modelové mysi..

Brightfield BRN2 CuUX1 CTIP2

Aktivita neuronll v UBE3A KO organoidu..




... a jak se vlastne takovy organoid da vyrobit?
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Zivocisné tkanové kultury — Tvorba bunéénych agregatd

* Mechanické suspenzni metoda (kolonie, ¢asti monovrstvy atd.)

* Narostlé kolonie celé odloupnout (kolagenaza, EDTA+mechanicky atd) nebo monovrstvu narusit na
makroskopické shluky bunék..

* Prenést do misky/lahve/bioreaktoru s neadhezivnim povrchem (napf. plastova bakterialni Petriho miska)

Lidské embryonalni bunky Mechanicka/ Embryoidni télisko

o v

enzymaticka
disociace na
shluky bunék

7N



Zivocisné tkanové kultury — Tvorba bunéénych agregatt

* Mechanické suspenzni metoda (kolonie, ¢asti monovrstvy atd.)

* Gravitacni agregace (jamky, cytospin)

» Disociace tkanové kultury na jednotlivé burnky

musi byt opatrna, aby neposkodila priléhajici ECM a receptory

bunék
(napft. Akutaza, trypsin atd..)

» Napipetovani optimalizovaného mnozstvi bunék do jamky

» Samovolna agregace bunék napfr. za vytvoreni tzv.
embryoidniho téliska

.
:‘ @ Tral-50 negative cell > =-Tra1.60 antibody coupled to PE and a magnetic bead
.

Fully pluripotent stem cells

Tra1-60°,
SSEA4,
Oct4* ¥
and Nanog* &

Day 3 post aggregation

l Collection of EBs
from aggrewell plate

Chemical treatment
(Caffeine, Valproic acid, Penicillin-G)

; v .

Positive selection of Tra1-60* cells -

o

| g

5

EB formation \ y P

on Aggrewell plates w
) . L o

Gentle cell dissociation
(Accutase)

...........

24 well plate 6 cm dish Matrigel-coated well
Low adherence Low adherence

.
0
.
.

H
E © Tra1-50 positive cell . Embryoid body from aggrowell plates

......................................................................

Flamier, PLOS ONE, 2017
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Zivocisné tkanové kultury — Tvorba bunéénych agregatd

* Mechanické suspenzni metoda (kolonie, ¢asti monovrstvy atd.)

* Gravitacni agregace (jamky, cytospin) Porovnani mechanické a mikrojamkové tvorby agregatu

1) Mechanicka/enzymaticka disociace na shluky bunék

Lidské embryonalni bunky

. , . .. . Enzymatic

» Disociace tkanové kultury na jednotlivé buriky dissociation
s P v . vey 2 s s & to cell clumps =

musi byt opatrna, aby neposkodila pfiléhajici ECM a receptory —

bunék
(napf. Akutaza, trypsin atd..)

» Napipetovani optimalizovaného mnozstvi bunék do jamky

» Samovolna agregace bunék napfr. za vytvoreni tzv.
embryoidniho téliska

¢ R L § ) 4
| 3 E 1 T

Vyhoda v homogenité a reprodukovatelnosti
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Zivocisné tkanové kultury — Tvorba bunécnych agregatu

* Mechanické suspenzni metoda (kolonie, ¢asti monovrstvy atd.)

Agrewell

* Gravitacni agregace (jamky, cytospin)

Disociace tkanové kultury na jednotlivé bunky

musi byt opatrna, aby neposkodila priléhajici ECM a receptory
bunék

(napft. Akutaza, trypsin atd..)

Napipetovani optimalizovaného mnozstvi bunék do jamky

Optional: Centrifugaéni agregace 0Bk
g gacni agree JDDBEL
afo]alafa]e]
Samovolna agregace bunék napt. za vytvoreni tzv. '—‘-EHH' I

embryoidniho téliska




Zivocisné tkanové kultury — Tvorba bunéénych agregatt

Mechanické suspenzni metoda (kolonie, ¢asti monovrstvy atd.)

Gravitacni agregace (jamky, cytospin)
3D tisk -

Snaha o ziskani 3D matrice,
nebo pFfimo natisténé tkanové
kultury, které umozni:

- adhezi bunék

- regulaci interakce s ECM

- regulaci hustoty bunék

- konstrukci praktickych tvaru

Printing cell-laden dECM gels
with polymeric framework

Decellularization and P "
solubilization of ECM .. OI)S,.\

" pH-adjusted
pre-gel solution

Fabrication of
3D struture
layer by layer

)

(f ( Cartilage

& “ Gelled

cell-printed structure

Tissue engineering \
» @
@ k- N — Incubation of cell-
Drug screening printed structure
at 37 °C for gelation
‘J’f 3= 3D cell-printed structure

In vitro disease model

Pati, Nature Communication 2014
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ZivoCisné tkanové kultury — Tvorba bunécénych agregatu

* Mechanické suspenzni metoda (kolonie, ¢asti monovrstvy atd.)
* Gravitacni agregace (jamky, cytospin)

e 3D tisk - matric

Materialy:

Agaroza, Alginat, chitosan,
kolagen, decelularizovana ECM,
Fibrin/fibrinogen, Zelatina,
grafen, hyaluronova kyselina,
hydroxylapatit,atd..

Vzdy je nutné otestovat kompatibilitu daného materalu s konkrétni bunécnou kulturou. Agilent Technologies
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Zivocisné tkanové kultury — Tvorba bunécnych agregatu

* Mechanické suspenzni metoda (kolonie, ¢asti monovrstvy atd.)
* Gravitacni agregace (jamky, cytospin)

e 3D tisk - matric

Materialy (vétsinou tzv.
hydrogely):

Agaroza, Alginat, chitosan,
kolagen, decelularizovana ECM,
Fibrin/fibrinogen, Zelatina,
grafen, hyaluronova kyselina,
hydroxylapatit,atd..

e 1000V 219X 14.69mMM 50UM se— 19-Apr-12

Vzdy je nutné otestovat kompatibilitu daného materalu s konkrétni bunécnou kulturou. Agilent Technologies



Zivocisné tkanové kultury — Tvorba bunéénych agregatd

* Mechanické suspenzni metoda (kolonie, ¢asti monovrstvy atd.)

* Gravitacni agregace (jamky, cytospin)

e 3D tisk - matric @ C°s @ Extrusion-based Inkjet-based Laser-assisted
vr s s @) bioprinting bioprinting bioprinting
- primy tisk @ . &
tkanovych kultur
Polymer(s) laser-pulse
dbrGEEliaE Tissue engineering
Cross-lmker energy absorbing
pietzo%Iectric o layer s
actuator - 4
l or heater : o . .
. . . o ‘/ (
. AmEn mmEm — ®°®
P - Drug screening
Polymer based bioink
@
- @
Other Polymer
- ; Polymer (optlongl)
® /‘/ In vitro disease model
> . :
) Colls = Functional peptides

+~——————(as growth factors or
adhesion peptides)

Sigma/Merck



Nad organoidem je uz jen cely organ.. muzeme ho vytvorit?

..aneb je libo jedno kontroverzni téma na zaveér..?



Zivoci$né tkanové kultury — Tvorba chimérnich embryi

Tvorba chimér:

- Tkanovou kulturu embryonalnich kmenovych bunék, nebo indukovanych pluripotentnich kmenovych bunék
- Implantace mikroinjekci pluripotentnich bunék do ¢asného embrya (od 8-bunécéné blastuly do preimplantaéni blastocysty)

ESCs

%
¢ @
,,'f_-— — P

Blastocyst Chimeric embryo

IVF embryo o ’ Uy ; >
* BéZny postup tvorby transgennich mysi (fizena mutageneze ES pred

implantaci do blastocysty)



Zivoci$né tkanové kultury — Tvorba chimérnich embryi

Tvorba chimér:

- Tkanovou kulturu embryonalnich kmenovych bunék, nebo indukovanych pluripotentnich kmenovych bunék
- Implantace mikroinjekci pluripotentnich bunék do ¢asného embrya (od 8-bunécéné blastuly do preimplantaéni blastocysty)

Sbirky kmenu transgennich mysi IMSR

EZ Cells
Sperm

Embryo

4
ESCs -
P — y g g Archived
I ‘—. N\ & } Live
W y ) Owarnes

/ - 0 1.000 10,000 10:0,000 1,000,000
' 4 ..." b N P

1.-)_ . : e ‘.. | ‘/ ‘ 4 \{

N .'.._ A ¢ 5 i - ~" \

Blastocyst Chimeric embryo

Bézny postup tvorby transgennich mysi (fizena mutageneze ES pred
implantaci do blastocysty)
* Pres 100 tis kmenU transgennich mysi po svété

IVF embryo



Zivoci$né tkanové kultury — Tvorba chimérnich embryi

Tvorba chimér:

- Tkanovou kulturu embryonalnich kmenovych bunék, nebo indukovanych pluripotentnich kmenovych bunék
- Implantace mikroinjekci pluripotentnich bunék do ¢asného embrya (od 8-bunécéné blastuly do preimplantaéni blastocysty)

& 2

‘i o - "
.7'1.. = ) .
-'\..:'.‘ | S

Blastocyst Chimeric embryo
IVF embryo

Bavime se o mysich, co takhle mezidruhové chiméry...?



Zivoci$né tkanové kultury — Tvorba chimérnich embryi

Tvorba chimér:

- Tkanovou kulturu embryonalnich kmenovych bunék, nebo indukovanych pluripotentnich kmenovych bunék
- Implantace mikroinjekci pluripotentnich bunék do ¢asného embrya (od 8-bunécéné blastuly do preimplantaéni blastocysty)

Makakjavsky -bunky oznacené zelenym

fluorescencnim proteinem (GFP) m-

2 ' .A"” % Vo
; " - : Vg™ v:‘
Prase domaci o 4 L-% ¥ @ \I g\ T <

O~

Rui, Protein & Cell, 2020

Blastocyst Chimeric embryo  D25-30 fetus Piglet

IVF embryo o
- 2 narozené chiméry.

- Opici bunky v srdci, jatrech, sleziné, plicich a kuzi, ale i jinde..



Zivoci$né tkanové kultury — Tvorba chimérnich embryi

Tvorba chimér:

- Tkanovou kulturu embryonalnich kmenovych bunék, nebo indukovanych pluripotentnich kmenovych bunék
- Implantace mikroinjekci pluripotentnich bunék do ¢asného embrya (od 8-bunécéné blastuly do preimplantaéni blastocysty)

Makakjavsky -bunky oznacené zelenym

fluorescencnim proteinem (GFP) m-

W ' .V.,,\-‘“ g '4: -) . oY
; ~ : v l 9 ]
Prase domdci - ,% v @ — "|e<\_ o é

O~

Rui, Protein & Cell, 2020

Blastocyst Chimeric embryo  D25-30 fetus Piglet

IVF embryo

Ale my chceme chiméry s plné vyvinutymi organy jednoho druhu..



Zivocisné tkanové kultury — Tvorba chimérnich embryi

Tvorba chimér:

- Tkanovou kulturu embryonalnich kmenovych bunék, nebo indukovanych pluripotentnich kmenovych bunék
- Implantace mikroinjekci pluripotentnich bunék do ¢asného embrya (od 8-bunécéné blastuly do preimplantaéni blastocysty)

Komplementace blastocysty:
MYS

Netvori se slinivka

Kobayashi T, et al. 2010 Cell 142(5):787-799



Zivoci$né tkanové kultury — Tvorba chimérnich embryi

Tvorba chimér:

- Tkanovou kulturu embryonalnich kmenovych bunék, nebo indukovanych pluripotentnich kmenovych bunék
- Implantace mikroinjekci pluripotentnich bunék do ¢asného embrya (od 8-bunécéné blastuly do preimplantaéni blastocysty)

Komplementace blastocysty:
MYS

POTKAN

Blastocysta

~>#

;.?. -‘ ‘
Blastocyst injé ction

Embryonic stem cells

Netvori se slinivka

Mys s potkani slinivkou

Kobayashi T, et al. 2010 Cell 142(5):787-799



INSIGHTS

o J

Edited by Jennifer Sills

MANY OVERSIGHT MECHANISMS exist for
research involving human subjects and
cells, as well as the transfer of materials
into other vertebrates, partly to reassure the
public that biomedieal research is ethically
conducted. In the recently posted notice
NOT-OD-15-158, the NIH stated that it “will
not fund research in which human pluripo-
tent cells are introduced

into non-human

vertebrate animal pre-

gastrulation-stage

embryos while the

agency considers a

‘possible poli i

in this area” (). This

notice encompasses

‘human pluripotent

stem cells (hPSCs),

including human

induced pluripotent

stem cell (hiPSi

based human/

non-human chimera

the Guidelines for Human Embryonic Stem
Cell Research that animals in which human
pluripotent stem cells (hPSCs) have been
introduced during development should not
breed and that hPSC chimerism with non-
human primates is restricted (6).

Research involving hPSC complementa-
tion in non-human, pre-gastrulation-stage
vertebrate embryos represents a special
topic with tremendous potential to elucidate
early human development. Development
of stem and progenitor cells from pre-
gastrulation embryos oecurs over the weeks
following blastocyst implantation into
appropriate hosts. Currently, it is i
sible to accurately recapitulate human
development in vitro, and there is no ethi

method to obtain post-
implantation-stage
human fetal tissue for
isolating tissue and
organ stem cells for
regenerative medi-
cine. Although earl)
chimera studies involv-
ing hESCs/iPSCs and
non-human vertebrate
animal blastocysts have
shown some capac-

ity for contribution

to host tissues (7

much work remains to
unravel key differences

studies. We believe Engraftment of hiPSC (red) into mouse in early development
that this notice poses blastocyst-stage embryo between humans and

a threat to progress in

stem eell biology, developmental biology,
and regenerative medicine. We hope the
guideline recommendations that emerge
from the NTH Workshop on 6 November
will aceelerate the decision to reinstate
NIH funding for this research area, whis
has tremendous promise. We strongly
believe that a continued dialogue between
scientists and bioethicists regarding
human/non-human chimera studies

is critical for advancing human health
through basic science.

Much of the bioethical concern in regard
‘o human/non-human chimerism arises
from the possibility of chimeric animals har-
‘boring human neurons and germ cells. Can
human neural cells coexist with those from
animals and establish “humanized” cerebral
anatomy and cireuitries? Furthermore,
‘would such chimeras be elevated to a higher
‘metaphysical state and “think” more like
us (2)? Current scientific data have not sup-
ported such possibilities, despite hundreds
of xenotransplant studies introducing
human neurons into the mouse brain (3-5).
‘With regard to germline transmission, the
National Academy of Medicine and the
National Research Council have stated in

VEMBER 2015 « VOL 351

other vertebrates. If we
sueceed in indueing significant chimerism
between hPSCs and pre-gastrulation-stage
embryos from non-human vertebrates,
tremendous potential exists to develop
humanized disease models for studying
drug pharmacology. Similarly, implantation
of hPSCs derived from patients with herita-
ble diseases could illuminate genetic disease
pathogeneses in an appropriate in vivo
context. It may even be possible to generate
an unlimited supply of therapeutic replace-
ment organs using percine or sheep models,
an effort that we (ELN, e
with support from the
for Regenerative Medicine. By eliminating
federal funding for this research, the NIH
casts a shadow of negativity towards all
chimerism studies regardls f whether
human cells are involved.

Ultimately, we believe that human/
non-human chimerism studies in pre-
gastrulation embryos hold tremendous
potential to improve our understanding
of early development, enhance disease
modeling, and promote therapeutic
discovery. Given that the objective of the
NIH is to enable discoveries that advance
human health, the restrictions presented

Cell Stem Cell

UK

Human-Mouse Chimerism Validates
Human Stem Cell Pluripotency

Victoria L. Mascetti’* and Roger A. Pedersen’
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Tvorba chimér:

vocisné tkanové kultury — Tvorba chimérnich embryi

Tkanovou kulturu embryonalnich kmenovych bunék, nebo indukovanych pluripotentnich kmenovych bunék

Implantace mikroinjekci pluripotentnich bunék do casného embrya (od 8-bunécéné blastuly do preimplantaéni blastocysty)

Juan Carlos Izpisua Belmonte

Human — Pig Chimera
Using chimeric animals as organ incubators

Some ressarchers hope to grow human organs from stem cells by adding them
to developing animals

Human

stem cells
Human
organ ; J

Organ Injection of human stem
transplantation cells into pig embryos that

2 are genetically modified to
lack specific organs
Generatlon of a human J

Methods Mol Biol. 2019;2005:101-124.
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