METAPLASIE (- TRANSDIFERENCIACE?!) |

metaplasie — preména kmenové nebo progenitorové bunky jednoho
typu tkane v progenitor tkané jiné
transdiferenciace — pfeména buriky jednoho typu na bunku typu jiného
bez pruchodu bunéénym cyklem
transdeterminace — metaplasie v pribéhu embryogeneze
Rawlins & Hogan (2006) Development 133, 2455-2465

Potencialni moznosti:

1) Pfima preména fenotypu bunky jednoho typu v bunku typu jiného
- s proliferaci (metaplasie)
- bez proliferace (prava transdiferenciace)

2) Prvné smérem zpét v diferencia€ni radé a nasledné diferenciace
do jiné diferenciacni rady (rediferenciace a nasledné diferenciace).
Za pozorované jevy ziejmé ale odpovidaji zbytkové populace progenitoru.
- s proliferaci
- bez proliferace (silné nepravdépodobné)

Pristupy:

a) VnéjsSimi faktory

b) Exogenni expresi vhodnych gent

c) Preprogramovanim jadra cytoplasmou jiné buniky
(sem patfi i terapeutické klonovani)

d) Kombinaci vySe zminénych postup
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- zmény v metylaci DNA / metylaénim paternu (CpG a CpA oblasti)
tyto modifikace jsou relativné obtizné zménitelné

- zmény v metylaci / acetylaci / fosforylaci histon

- telomery / telomerazy

- zmény v PcG proteinech

=> transkripce jinych genu = jiny fenotyp
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A. Vnejsimi faktory (cytokiny, vnéjsi podminky)

- puvodné mala a ¢asto sporna ucinnost

- zavislé na bunééném typu, ¢asto jen u SCs a TA bunék

- pokud je to mozné, tak se vétSinou jedna o malou zménu / krok
('neni Uplné jasné, jestli je potfeba rediferenciace!)

- uplatnitelnost in vitro spiSe s nékterou z dalSich metod a zejména pro
zachovani ziskaného fenotypu re- / transdeterminovanych bunék

(- v soucasné dobé obrovska progrese a vétsina vyse uvedeného neplati?)
Priklady:

- exokrinni buriky pankreatu -> hepatocyty

- epitel hitanu -> strevni epitel (po poSkozeni ZaludeCnimi kyselinami,
tzv. Barrettova metaplasie)

- progenitory glii ???

- pigmentové bunky oka (iris) -> bunky rohovky (u Colka)

- nékteré kultivacni experimenty ukazuji, ze rizné progentory / SCs
mohou nabyvat fenotypu jiné diferenciacni rady,
napr SCs / TA epidermis x nervova tkan
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B. Ektopickal/exogenni exprese vhodnych genu

- vyrazné ucinéjsi nez puasobeni vnéjsich faktor
- ,vhodné* geny jsou zejména cytoplasmatické pro-onkogeny / onkogeny
a transkrip¢ni faktory

- epigeneticka pameét bunék (zejména metylace DNA), ale nedovoluje tupinou

zmeénu, je potireba nékolikateré déleni bunék, pokud je dana zména viibec

mozna, vlastni fenotyp se ale méni velice rychle

Priklady:

- nadbyte¢na exprese Ras a c-Myc indukuje ¢aste¢nou rediferenciaci a transformaci
- exprese Pdx1 (marker -bunék pankreatu) navozuje ¢aste€ny fenotyp p-bunék
u hepatocytu a strevnich epitelialnich bunék

- exogeni exprese c-Myc, Klf4, Oct4 a Sox2 navozuje fenotyp ESCs => IPSCs

u embryonalnich fibroblasti (mys), ale i dalsi bunky
- transdeterminace Pax a Hox geny (napf. Pax-6 a oci)



iPS bunky — indukované pluripotentni bunky
(Hochedlinger & Plath 2009)
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* Silencing of retroviral transgenes
« Activation of pluripotency genes
* Activation of telomerase

* Reactivation of silent X chromosome
in female cells
* Teratomas and germline chimeras

* Somatic markers silenced
* Activation of SSEA1

Intermediate cells :
(transient population) IPS cells

Somatic cells

* Knockdown of lineage genes
* [nhibition of DNA methylation

Partially reprogrammed cells
(stable cell lines)

« Viral transgenes on

« Proliferation genes activated

* Pluripotency genes silent

» Aberrant expression of lineage genes
* Teratomas, but no adult chimeras




Endogenni
transkripCni faktory

J

dany/pUvodni fenotyp burky

Exogenni(ektopické) - —~
transkripCni faktory

pozadovany fenotyp bunky

Endogenné regulovany
vysledny fenotyp burky

Exogenné dodané transkrip¢ni faktory nebyvaji dostateéné pevné fixovany v genomu
- pozkozeni genomu (vlastni vhneseni exogenni informace)
- destabilizace fenotypu, ¢aste€né reprogramovani, reverze fenotypu, nezadouci transformace



MiRNA jako regulator fenotypu bunék
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Priklady reprogramovani
prostrednictvim exogenni

exprese prislusnych genu

Cell origin Derived References
cell type

Examples of reprogramming

Fibroblasts iPS cells

Oct4, Sox2, Klf4, c-MYC
Oct4, Sox2 + valproic acid
Oct4, Sox2, c-MYC +
kenpaullone

Oct4, KIf4 + CHIR99021
(MEFs)

Takahashi'?
Huangfu,®
Lyssiotis®

Examples of transdifferentiation and direct reprogramming

Fibroblasts
MyoD
Pancreatic (exocrine)
Ngn3, Pdx |, Mafa
Fibroblasts
Ascll, Brn2, Mytl|
Fibroblasts
Gata4, Mef2c, Tbx5
Gata4, Mef2c, Tbx5, Hand2
Gata4, Mef2c, Tbx5, VEGF
Mef2c, Myocardin, and Tbx5
Fibroblasts
Myocardin, miR-1,
miR-133, GHMT
Fibroblasts
Oct4, Sox2, Kif4, c-MYC
(4-day partial reprogramming)
Oct4, Sox2, Klf4, c-MYC
(Short reprogramming)
Amniotic
ETV2, FLII, ERGI

Muscle

Pancreatic
(beta cells)

Neurons

Cardiomyocytes

Cardiomyocytes

Endothelial cells

Endothelial cells

Davis®*

Zhou™
Vierbuchen®

leda?
Song®
Mathison®

Protze*

Nam?

Margariti>®

Li62

Ginsberg®




Reprogramovani prostrednictvim malych molekul, chemickych inhibitor

TGF-B /Activin

\  GSK3 inhibitor
A83-01, %HlR
LY-364947 @ LiCl
SB431542, l /\

616452
PD0325901

HDAC VPA, NaB
inhibitor TSA, SAHA

DNMT

HDM inlﬂgr/\ inhibitor

Parmate HMT BIX AZA, RG108
inhibitor RSC133




Reprogramovani prostrednictvim malych molekul, chemickych inhibitor
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TaeLe 2: Small molecule compounds that might replace Yamanaka factors,

Function or target

Replacement Name . . Host cell
ga Concentration
for TF concentration species
Octd, Nanog SAHA-PIP delta 100 nM Mouse
Sox2 (with BIX) or Octd RGOS 0.04-500 uM Mouse
Octd BIX 05-2 M Mouse
: : N e
Sox2 CHIR 3-10 uM v
4 human
KIfs Kenpaullone 5uM Mouse
' . Mouse,
Sox2 616452 (E-616452, Repsox) 1 M
human
Sox2 LY-364947 1 uM Mouse
Sox2, KIf4 (with . ;
A.83.00) AMI-5 5uM Mouse
Sox2 Dasatinib 0.5 M Mouse
Sox2 iPYrazine (iPY) 10 M Mouse
Sox2 PP 10 M Mouse
Oct 4 with FSK and " .
M7 M \ p
3. Me-SHT D476 5 uN Mouse
Sox2 BayK 2uM Mouse
Octd, when used with = .
55 1-50 g M :
2-Me-5HT, and D4476 . Wi e
Octd with FSK and N
-Me-5 5uN Y p
04476 2-Me-5H1 5uM {ouse
Sox2, K14, and C-My¢ Oxysterol 0.5-1 uM Mouse
Sox2, KIf4, and C-My¢ Purmorphamine 0.5-1uM Mouse
Sox2, KIf4, and C-Myc Shh 500 ng/mil Mouse

nhcbitor

DMNT inhibitor

G99 HM Tase inhibitor

GSK-3f inhibitor that
activates Wnt signalling
pathway

GSK-3CDKs inhibator

TGF- B inhibitor (ALK
inhibitor 11)

1GF-f inhabitor

Protein arginine

methyltransferase inhibitor

Sre family tyrosine kinase

inhibitor

Src family tyrosine kinase

inhibitor

Src family tyrosine kinase

inhibitor
CK1 inhibitor

An L-channel calclum
agonist

CAMP agonist

5-HT3 agonist

Sonic hedgebog signaling
Sonic hedgehog signaling
Sonic hedgehog signaling

Reference

Pandian et al (20014)
[65]

Shi et al. (2008)

[32, 33, 72)

Shi et al. (2008)

[32, 35, 72]
Lietal (2011) [73)

Lyssiotis et al, (2009)
[42]

Iichida et al, (2009)
[63)

Seaerk et al. (2011) [74)

Yuan et al. (2011) |64)
Staerk et al, (2011) [74]
Stacrk ctal, (2011) [74)
Staerk et al. (2011) [74)

Hou etal. (2013) [27]

Shi et al. (2008)
{32, 33.72]

Hou et al. (2013) [27]

Hou et al. (2013) [27]

Moon et al, (2011) [75]
Moon et al. (2011) [75]
Moon ¢t al, (2011) [75]

Note: small molecules can substitute for certain TFs and/or Improve reprogramming efficiency by epigenctic modifications or signaling pathway regulation
BayK, Bay K8644; BIX, BIX.01294 CHIR, CHIR92; CKI, caseln kinase 1; DNMT, DNA methyltransferase; DNP. 24.dindrophenol; DZNep, 3
deazancplanocieg FSK, forskoling HDAC, histone deacetylase: G9a HMTase, G9% histooe cthyltransferase; IP3K, inositol tripbasphate 3-kinase: PDKI,
phosphoinasitide dependent kinase I; SAHA, suberoylanilsde hydroxaméc acd; T transeription factor; TSA, trichostatin A; VPA, valproéc acd; 2-Me-SHT,
2-methyl-5-hydroxytryptamine 5-aza-CR, AZA. 5-aracytiding: 8-Be<AMP, 8-bromoadenosine cyclic monophosphate
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CASIN
Cdc42 inhibitor
Rejuvenates aged HSC
functions

P7C3
Targel unknown
Enhances neurogenesis
in vivo

VLA=4 inhibitor
Mobilize HSCs into the peripheral circulation

DPP4 inhibitor

Enhances HSPC homing

and self-renewal

o._N
H_D N
J J
Kartogenin

Blocking Filamin A/CBFp interaction
Induces chondrogenesis

Stable PGE2 analog
Enhances HSC engraftment

in vivo
E.. \:}__ ~ .'Ill-\.\,\u:-:,f_:'"\-\.,_il
H %, P H HJN—-' N’ A, o
5 / 1 % -
o NH od
F Ci
LY411575

y=secrelase inhibilor
Induces supporting cells
into hair cells

Li et al., 2013




C. Pfreprogramovanim jadra
cytoplasmou jiné bunky
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- zavislost na momentalnim stavu
bunky

- velice u€inné, ale prenos jadra malo
uspésny u savcu

- fize bunék je ale relativné bézna

bunééna flize - spojeni cytoplasmy a jader
dvou bunék za vzniku bunky
jediné
— produkt flize bunék jasné
odlisitelInymi dvéma nebo
i vice jadry
hybridni bunka — vznikne kdyz heterokaryon
projde mitézou za vzniku bunky
s jednim jadrem ale s vice jak
2n DNA (nemusi obsahovat
kompletni jadernou DNA
puvodnich bunék)

heterokaryon



Heterokaryon Purkinova neuronu v mozec¢ku

Uplné reprogramovani terminalné a GFP*-BMSSC
diferencované bunky cytoplasmou
oocytu u zab (ale i savci).

Blastula Intestine BMSSCs exprimujici B-galaktosidasu
SR ANA pod kontrolou svalové specifického
promotoru

Regenerace samicich Fah -/-
letalnich jater (FAH — fumarylaceto-
acetate hydrolaza) transplantaci
sam¢ich HSCs

Detekce Y chromozomu v jatrech
po transplantaci (dole) a FAH
aktivity vpravo nahore.

Mys klonovana z jadra
cichového nervu




Vyuziti

Patient-specific
disease models

Healthy control

Useful
Uniform iPS cells Directed disease-specific
environmental Reset predisposed differentiation phenotype

Donor’s cell conditions epigenome to disease? to target cell type for modeling?

s Y
Genetic disease &3
Collect ~ ;
unaffected Eils
cell type i =S No
Environmental or /
epigenetic disease ?///7 V4 )
\ = /(- /——\ :
Collect D= No
affected
cell type
Induced-disease
models Disease-causing
environmental
conditions
Environmental,
any donor Yes
Induce
Epigenetic,
any donor Yes




Reprogramovani jadra, metylace DNA a chyby v embryogenezi

120 Demetylace otcovského,
P areprogra-
; movaneho (jaderny prenos)
E %0 aen 1 ] genomu
g
w S— S—
E
- i AR |
20
0 I ~ AR iy
o & >
\ T S E F
ﬁ "l«' W %/
Octd mEMNA 1 (%)
Elastocyst type n ICM restricted ICM and TE not detected
Cumulus cell clone 534 18 (3400 29 (54,71 & (11.39
IVE 30 23 (76.7) 4(13.3) 3 (10¥°
ICSI 80 &0 (75.00 9(11.3P 11 (13.8)20
In vivo fertilized 75 70 (93.3]° 3 (4.0 2 (2.7

Analyza exprese Oct4 mRNA u klonovanych
a kontrolnich blastocyst (in situ hybridizace).
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GFP / blastocyst
absent weak strong
3 ’—\.\ ~ \\
A \ |

Uéinek reprogramovani jadra diferencované
bunky na expresi Oct4-GFP a schopnost
rustu ICM.

Vyvoj klonu a IVF/ICSI embryi exprimujicich
GFP in vitro.

blastocysts 15 27 18
outgrowths 4 3] 13 48 11 61
GFP / outgrowth
absent 2 50 - 8 61 - 1 9 -
weak 0o o0 - 4 31 - 0 0
sirong 2 50 - 1 8 - 10 91 3

chi square (y’) = 17.86; p=0.001

Eeconstrgcted Twocell Mormlae Blastocysts GFP Huorescent Replicates

Muclens donor OOCYEES 1 stage n %) % of 2 cells| n (% of 2 cells) blastocysts n | %/ n
Wild-type nuclei

Cumulus cell 10165 ®52 (BOP a0 RS 10 M A 0
Chetd-GFP nuelei

Cumulus cell 1513 1935 (77" A | &5 (910 135 (82 a0

Germ cell Gl SO0 [RIFE &l 1TH [hal 171 (98| 15

IVF R95® s (T4 ] A9 (74" 485 (99" 12

[C5] 1135 Ba (T1F B 4401 (5517 A05 R0} 14

IVF, in vitro fervilized; 1CS], intracyoplasmic spenm injection; GFP, Green Fluorescent Proteing NA, not applicable.

Comparison of proporions (%) based on Student ¢ test (two tails); superscrpes a—d indicate significant ditference (p < 0.05) between
the values within the same column.

“Inseminated.

"Survived sperm injection.




