- -
- o=
.

g ‘?‘-.‘

Jan Voldfich

VSCHT



/akladni vlastnost;

Samoobnova — mitdza (symetrické déleni)

Diferenciace ve vice bunécnych typu, cca 200 (asymetrické déleni)

/ STEM CELLS CAN\

REPLICATE ITSELF CHANGE INTO MANY CELL TYPES

\ .. ° NERVE CELL ;;\
o®
u BLOOD CELLS .'
u LIVER CELLS
INTESTINAL CELLS

p—

MUSCLE CELLS

CARDIAC CELLS

http://www.azspinediscandsport.com/amniotic-stem-cell-therapy
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Conrad Waddington — Epigenetic landscape (1957)



/akladni druhy kmenovych bunek

Embryonalni (ESC)
/ pupecnikove krve
Adultni (ASC) — kostni dfen (hematopoetické, mesenchymalni), adipozni.. (cca 20)

Indukované pluripotentni (iPSC)

multipotentni x pluripotentni
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1981 — mysSi embrya — in vitro

1998 — lidska embrya
Dr. James Thomson, Wisconsin university
Dr. John Gearhart, Johns Hopkins university

Embryonalni

,Pokud vdm z vyzkumu na lidskych embryondlnich
kmenovych bunkach neni alespori trochu nevolno, pak jste
0 ném jeste dostatecné nepremysleli.”

(J.Thomson, New York Times, 2007)




) Zaklady moderni
Nnich KB lékarské etiky

/droje embryona

Marek Vacha
GEGELNER G
Milos Mauer

IVF (nadbytecna, nebo nevhodna — ovéreno
preimplantacni diagnostikou — jen v nékterych zemich)

Potratové kliniky

Etika??

2001 — G.W. Bush — omezeni statni podpory vyzkumu ESC
2004 — Kalifornie =3 mld. USD

2009 — B. Obama — opeét statni podpora

https://obchod.portal.cz/odborna/zaklady-moderni-lekarske-etiky/



Jaderny prenos somatickych bunék (SCNT)

Terapeutické x Reproduktivni klonovani

1996 — Dolly
2018 — Cina — 2 klony makak

2019 — Cina = 5 klon{ opic, nasledné editované CRISPRem (metoda
He Jiankui), modely rGznych onemocnéni

Tissue cell donor Cells from animal fo
be cloned are main-

——w_/-; a tained in tha lab so

they do not grow or
divide

- : is removed
.1 |

m Cloned animal iz
The reconstructed borm with exact
embryo grows for DOMA as the lissue

7 days call donor

¥ .1

— — _.'

ﬂ ur |I_

Mucleus fuses ~ Embryo's
. mth emply ega implanted into
after eleciric surrogate mothar
current applied
Egg cell MNucleus
is reamowved
/

Donor supplies
unfertilized eggs

Mucleus



0 Embryo nevzniklo ,pfirozené” =Je jedno, jak embryo vzniklo,
(fuzi spermie a oocytu), a nikdo jakmile je to jiz embryo, ma
Je] nezamysli implantovat do stejny moralni status bez
délohy ohledu na okolnosti vzniku

[1 cely utvar — uprazdnény oocyt + =kazdé klonovani je
viozene jadro somaticke bunky reprodukéni

vubec nemusime nazyvat

embryem =argument kluzkého svahu,
,slippery slope”: pokud
povolime terapeutické
klonovani, je tézko
predstavitelné, ze nékdo

. o nezkusi naklonovana embrya
.. nastal by pak nejaky pouzit por reprodukéni

[0 V budoucnu se nam snad podari
signaly z oocytu napodobit a
pouZijeme pouze buriku kuZe a
obejdeme se bez oocytu...

problém? klonovani

Marek Vacha, 2013



|zolace ESC

Fertilized egg

Few-celled embryo

Blastocyst ‘

Trophectoderm

Harvested ICM

Embryonic stem cells

https://www.jci.org/articles/view/23065/figure/1



ICSI FIRSTivf.nejcsg FIRSTFertilized Egg FIRSTivf.net

2-Cell Embryo FIR4-Cell Embryo FIRSTivf.n8-Cell Embryo FIRSTivf.net



https://www.cirm.ca.gov/sites/default/files/files/about_stemcell
s/Stem_Cell Day Talk_ without_videos_zs.ppt




https://www.wikiskripta.eu/w/Kme
Nov%C3%A9 bu%C5%88ky#/medi

a/File:Human_embryonic_stem_ce
ll_colony_phase.jpg




KB z kostni dreneée

1956 — leukemicky pacient
Hematopoeticke KB, mesenchymalni KB
Chemoterapie

Neni regulovano FDA ?



Srdechni tkan

Zvireci modely - uspesné

Unor 2012 — klinické testy - izolace KB ze srdce pacienta po infarktu, rdst in vitro,
navraceni — zlepSeni funkénosti kardiomyocytu

Zatim neschvaleno FDA



Kozni tkan
2017 — Italsky tym (Michele De Luca)

7 lety pacient s nemoci motylych kfidel (mutace genu laminin-332) — ztrata 80% kuze

|zolace epidermalnich kmenovych bunéek z jeho kozni tkané, retroviralni transdukce
nemutovaného genu, rust bunéek in vitro, transplantace

Uspéesne!

Zatim neschvaleno FDA



KB z pupecnikove krve

Srovnatelné s bunkami kostni drene, ale ménéeé imunogenni

Je mozné zamrazeni po narozeni ditéte — mozné budouci pouziti.. cena?

Klinické testy faze Il - spasticka mozkova obrna — 63 déti — podani vlastnich
kmenovych bunek z umbilikalni krve, zlepseni motorickych schopnosti

8 FDA schvalenych terapii

Prvni— 2011 - Hemacord — poruchy krvetvorby, alogennil




Stem Cells found in Cord Tissue

Cord Lining - CLSCs
Epithelial cord lining stem cells

- B Y SN+ Cord blood- HSCs, MSCs
e | \ & VSELs

Haematopoietic stem cells
y Mesenchymal stem cells
Very small embryonic like stem cells

Wharton's Jelly
- MSCs & UCMs

Mesenchymal stem cells

Umbilical cord matrix  Perivascular Region - HUCPVs
Human umbilical cord perivascuar cells

Endothelium - HUVECs
Human umbilical vein endothelial cells



Diabetes mellitus |

Pancreatic islets
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o — beta cells destroyed Yong 7hao

Type 1 diabetes




Draw blood

+> @

Transfer

Blood Cell Separator

CB-8C: 4= \\,!
- Lymphocyte: @ .’7/—_—_‘—— T
Type 1 Diabetics Stem Cell Educator [ r— 4

http://www.tianhecell.com/



http://www.tianhecell.com/

Blood C-peptide (ng/ml)

3 -
0 Pre-OGTT
W Post-OGTT: 2 lus
2.5 P=0009
P=0031 |
2 = l |

P=0.078
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Mesenchymalni KB z tuku
Multipotentni — kostni, chrupavky, endothelie, adipocyty, myocyty...

Adipozni

Imunosupresivni efekt — exkrece rustovych faktord, regulacni T-lymfocyty —
autoiImunitni onemocneni

Liposukce méneé invazivni nez napr. odbér kostni drenée
Klinické testy — regenerace tkani, protizanétlivé ucinky, Iéc¢ba bolesti kloubu
FDA — bez povoleni

Jizni Korea — 2012 — Spolecnost Anterogen - lecba Cupistem — pistél behem Crohnovy
choroby, zanéty kloubU, autologni lécba
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Lipoaspirate

Wash with PBS
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Adlpose tissue Adipose-derived
biopsy stem cells
in vitro culture

https://www.mdpi.com/1422-0067/19/11/3475

Adipose stem cells

.

N

Transplantatio®

w-

In vitro adlpose stem cells

@ o Therapeutic
transgene

The therapeutic
transgene is
packaged

into a veichle such
as avirus

The therapeutic
transgene is
introduced in
stem cells

The genetically
modified cells are
expanded in vitro



Kvazilegalni kliniky v USA vs. FDA

570 klinik v USA nabizi FDA neschvalené terapie
Adipdzni KB, autologni |é¢ba — az 61% terapii KB (2016)
/bytek —hlavné hematopoetické KB z kostni drené
LéCba zanétlivych onemocnéni kloubu, bolesti

Ale i Parkinggg, roztrousena sklerdza, poskozeni michy, obrna, proti starnuti, zvétseni
penisu,... - 777

BezpecCnost — moznost vzniku nadorového bujeni!

2|017t— U.S. Stem Cell Clinic, FL — KB injektovany do oci 3 starsich zen s makularni degeneraci -
slepota

Poptavka — nekteri lidé jsou ochotni platit tisice dolaru za [éCbu
Postoj FDA?

2017 — Guidande for industry - pravidla — transplaptace tkani a bunék pouze na misto, ze
kterého byly puvodné izolovany, minimalni mimotélni manipulace

Kliniky maji 3 roky na prizptsobeni se novym pravidlim
Prohlaseni FDA - nedostatek financi a zaméstnancu kontrolujici vSechny kliniky?
3 roky na sledovani vyvoje trhu a nejvice poptavanych terapii



https://www.amazon.com/Stem-RepairsLream-Alex-
Cosmetic/dp/BO0V3L7K76 "7
EERESRD
NL=X

COSMETIC RENEW

STEM CELL [COSMECE™
REPAIR CREAM
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Indukované pluripotentni kmenove bunky (iPSC)

2006 - Shinya Yamanaka, Kazutoshi Takahashi

2012 — Nobelova cena za fyziologii a medicinu (+ Sir John Gurdon)




Drug

development
Target identification

& validation

Cell replacement
therapy
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Octd, Sox2
Kif4, cMyc

Developmental e Patient-specific iPSCs
biology differentiction
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Modified from: Stadtfcold and Hochedinger Gones Dev. 2010;24:2239-2263




_ KLF4, SOX2, c-Myc, Nanog, Oct-3/4, LIN-28 |
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Testovano 24 transkripcnich faktord aktivnich v ESC
Oct4, Sox2, KIf4, c-Myc

z 20000 genu staci pouze 4 k indukci pluripotence!

Vzacny priklad védeckého objevu, ktery muize vyresit vic etickych problému, nez vytvori.”

(Tom Douglas, University of Oxford)



Pouziti

Modelove bunky pro vyzkum patologie nemoci a jejich |écby (Parkinson, DM 1. typu,
Alzheimer, ...)

Vyvoj léCiv (farmakologie, toxicita)
Regeneativni medicina

Vyzkum diferenciace

Genove terapie

MysSi — uspesna terapie srpkovité anémie

2014 — Takahashi — iPSC ze 70ti leté pacientky s makularni degeneraci reprogamovany na
retinalni bunky, zlepseni videni

2019 — Zvireci modely — prevence slepoty u makularni degenerace, postup do klinickych studii



Minimozky

Madeline Lancaster, Laboratory of Molecular Biology, Cambridge — 2019 propojeni s michou a svaly
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https://www.eurekalert.org/multimedia/pub/159416.php

www.medgadget.com/2018/06/strained-guts-engineering-human-intestinal-organoids-for-transplantation.html
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IPSC jako model testovani kardiotoxicity potencionalnich

Indukce pluripotence, diferenciace na funkcni kardiomyocyty
Genetické a funkcni testy
Vliv [atek — hodnoceni kardiotoxickych ucinkd

Srovnani se zavedenymi modely — neonatalni primarni potkani kardiomyocyty, H9c2,
transfekovana linie exprimujici hERG kanal, nebunécné modely hERG






https://www.cellapplications.com/human-ipsc-derived-cardiac-cells-i-hcm




Metody

Intracelularni vapenaté ionty
Impedance

Patch clamp — akcni potencialy



Masking dye

Ca2* sensitive dye
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Pipette offset in bath Cell-attached GQ seal Whole-cell patch clamp

Bath
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+52 mV

«K*, Cl (out)

. IIGLE {transient outward)

'1

«Na* (in)

* |11 (rapid)

96 mV

5

«Ca* (in), K* (out)
* |-, (Ca long)

. |I<:'~ {Kslow delayed rect.}

* ' (out)
* | s (Kslow delayed rect.)
* | g (Krapid delayed rect.)

. IH:'L {inward rect.)

3

® |yq (inwardrect.)

200 ms



Step 1: Mix Predictor™ membranes, tracer, and compound

Step 2: Detect

Predictor™ membranes

009

Pmdldor"‘ Tracer Red Compound
(non-inhibitor)

o
= | - e
Pndlctor"‘ Tracer Red  Compound

Predictor™ membranes
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