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. What are etem celle

2. A bit of higtory: which are the key experimente that
allowed to arrive at the concept of reporgramming

3. Generating pluripotent stem cells from gomatic
cells through epigenetic reprogramming



WHAT ARE STEM CELLS?

Stem Celle are defined ag cells with extensive self-renewal capacity and the ability to
generate daughter celle that underqo further differentiation
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Origin of stem celle
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Establishment in culture of
pluripotential cells from
mouse embryos (1981),

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,
Jeffrey M. Jones

SCIENCE VOL 282 6 NOVEMBER 1998


https://www.nature.com/nature
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Cell potency ie a cell's ability

to differentiate into other cell types.

The more cell types a cell can
differentiate into, the greater ite

potency.
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DEFINITIONS

Stem cell - Stem cellg are digtinguighed from other cell types by two important characterigtice:

) They are ungpecialized celle capable of continually renewing themgelveg through cell divigion and
2) they have the potential to develop into many different cell types of the body.

Given their regenerative potential, stem cells offer new opportunitieg for treating digeages.

Embryonic etem cell - An ungpecialized cell type derived from early-gtage embryog. Embryonic stem
cells can renew themgelveg and they are pluripotent, meaning they have the potential to develop into
any cell type of the body.

Adult stem cell - An ungpecialized cell found among gpecialized celle in a tigsue or organ. Adult stem
cells can renew themgelves and they are multipotent, meaning they have the potential to develop into
a limited number of cells in the body (some or all of the gpecialized cell types of the tigsue or organ
from which they were derived).

Induced pluripotent stem cell (IPSC) ~ An ungpecialized, embryonic stem cell-like cell that hag been
derived from an adult cell through e?igeneﬁc reprogramming. (Epigenetice relateg to cellular changeg
cauged by external or environmental factore that switch geneg on and off and affect how celle read
geneg ingtead of being cauged by changes in the DNA sequence.) Thug, just like embryonic etem
cells, iIPSCs can algo renew themselveg and they are also pluripotent.

National Institutes of Health
Office of Strategic Coordination - The Common Fund



Embryonic and adult stem cellg

Embryonic

In vivo, they exist as a
very transient
population of cells inside
the blastocyst. Their
self-renew is limited to a
short period of time

Invitro, we can keep
them undifferentiated
indefinitely (self-renew)

Their developmental
potential is:
pluripotency

Adult

In vivo, they reside in
niches inside adult
organs. Their self-renew
capacity is virtually
unlimited

Rare

In vitro, not all adult
stem cell types can be
maintained

Their developmental
potential is:
multipotency or
unipotency



EMBRYONIC STEM CELLS

Embryonic Stem Cells derive from the early embryo at the
stage of blastocyst.

In vivo, they are a transient population of cells. In vitro, they
can self-renew indefinitely.

A
at ‘
.

Blaeyst @

ICM
Inner Cell Mass

Embryonic
Stem Cells



Decreage of developmental potential
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Pluripotency

Bluripotency: the ability of a cell to differentiate into any of the
three germ [ayere: endoderm, megoderm or ectoderm.
Pluripotent stem cells can give rige to any fetal or adult cell type
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ADULT STEM CELLS FUNCTIONS

® Rigenerate damaged tiggue

® Natural tiecue turnover



Where are adult etem celle found?

Adult stem celle have been identified in many organg and tisgueg, including brain, bone
marrow, peripheral blood, blood veggels, skeletal muscle, gkin, teeth, heart, gut, liver,

ovarian epithelium, and testic. They are thought to regide in a epecific area of each ticcue
(called a “stem cell niche”).



Multipotent stem celle: All blood cells types
come from hematopoietic stem cellQ

Hematopoiesis is the hierarchical differentiation process that leads to the formation of all
blood cells starting from multipotent hematopoietic stem cells (HSCs).

HSCs are the top level of the hierarchy,
since they maintain the ability to self-
renew and give rise to lineage
progenitors all life long.

Lineage progenitors are no more able to
self-renew, and they pass through

increasingly committed intermediates in

order to give rise to all the mature blood
components.



Unipotent gtem cells: gatellite cells mediateg
the long-lite maintenance of muscle tissue

Cellular and Molecular Life Sciences volume 76, pages2559-2570(2019)



https://link.springer.com/journal/18

Pluripotency (the capability to become any gomatic
cell type) ie characteristic of Ebryonic etem cellg
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Summary of pluripotency testing methods

Pluripotency Assay Purpose Length of Assay Nature of Assay of Assay
Colony morphology Verify ESC colony-like morphology of clustered, | 10 minutes in vitro Low
Immunohistochemistry | Stain for standard pluripotency markers such as | 1—4 days in vitro Medium
Oct4, Tra-1-60, Sox2, Tra-1-81, Nanog and
SSEA.
Real-tme PCR Detect and quantify expression levels of selected | 4-6 hours (from RNA in vitro Medium-High
pluripotency genes; limited by gene number, extraction to RT-PCR
Embryoid body formation| Test differentiation capability of PSCs to tissues | 2-3 weeks in vitro Medium-High
and analysis of all 3 germ layers in vitro or in vivo, should be or
coupled with relative quantification expression in vivo

of gene-expression from the three germ-layers,
which can be done by RT-PCR. Genes include:
Nanog, Oct4, Sox2, and Kif4 (pluripotency
markers); Ncam and NeuroD (ectodermal
markers); Runx2, HNF4a, and Nkx2.5
(mesodermal markers); and Sox17, Albumin,
Giut2, and Insulin (endodermal markers).

Microarray A comprehensive measurement of gene 1-2 days in vitro Medium-High
expression levels.

Teratoma formation Test gfferentiation capability into all 3 germ 1-2 months in vivo High
layers in vivo.

From: Teratoma formation: A tool for monitoring_pluripotency in stem cell research
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are congidered the Teratoma formation
gold standard for
demonatrating
differentiation
potential of
pluripotent

ESC/IPSC A variety of animal straing can be used. Immunodeficient straing (ie., Nu/Nu nude, BC nude, or
SCID for mice; Rowett nude or Athymic for rate), however, form teratomag at 4 hlgher incidence.
Thereic a glgmﬁoan’r chance of cell rejection in non- lmmunooompromlged modelg.




2012 Nobel Prize

In 2012 Nobel Prize for Medicine wag awarded to Sir John Gurdon
and Shinya Yamanaka for their groundbreaking contributiong to the
field of cell reprogramming.
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1962

Somatie cell nuelear trangfer

In 1962, in a series of experiments ingpired by Brigge and King,
Gurdon demonstrated that the nucleug of a frog somatic cell could be
reprogrammed to behave like the nucleus of a fertilized frog eqg. By
ingerting the nuclei of intestinal epithelial cells into enucleated eggg,
Gurdon wag able to create healthy swimming tadpoles. Thege
experimente were the firet guccessful ingtances of somatic cell
nuclear trangfer (SCNT) uging genetically normal celle.

Quecese rate=1%

Sir John Gurdon

cfenucleated |
rog €gg .
tadpole intestinal cell nucleus hgalfhg Qwimming
tadpoles
Clearly, the frog egg eytoplasm contained factore
capable of orchestrating the necegeary changeg in an e

incoming nucleug. [nterestingly, nuclei from adult frog
cells, unlike thoge taken from tadpoleg, were never N Q:k
able to generate viable adult progeny. | fortile frog adule




1997

National Mugeum of Scotland
Keith Campbell Edimburg (wikipedia)

NATURE|VOL 385127 FEBRUARY 1997

Viable offspring derived from
fetal and adult mammalian
cells

I. Wilmut, A. E. Schnieke*, J. McWhir, A. J. Kind*
& K. H. S. Campbell

Roslin Institute (Edinburgh), Roslin, Midlothian EH25 9PS, UK

letters to nature

Figure 2 Lamb number 6LL3 derived from the mammary gland of a Finn Dorset
ewe with the Scottish Blackface ewe which was the recipient.
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https://cloningisreal.weebly.com/

The birth of Dolly the Sheep proved that
mammalian cloneg could be made from adult cell
nuclei




2007

Reprogramming of
adult primate comatic
cell into pluripotent

embryonic stem cellg
via SCNT.

(Byrne et al, Nature 2007)

*proof-of-concept for
therapeutic cloning in
primates™
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Mitalipov and Wolf, 2009



1987

Trangeription Factor-Induced
[rangdifferentiation

Cell, Vol. 51, 987-1000, December 24, 1987, Copyright © 1987 by Cell Press

Expression of a Single Transfected cDNA
Converts Fibroblasts to Myoblasts

Robert L. Davis,"t Harold Weintraub,"
and Andrew B. Lassar*

Fibroblasts Myotubes
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1987

Published: 26 February 1987

Redesigning the body plan of Drosophila by ectopic
expression of the homoeotic gene Antennapedia

Stephan Schneuwly, Roman Klemenz & Walter J. Gehring

Nature 325, 816-818(1987) | Cite this article




Trangeription Factor-Induced
Trangdifferentiation

Transformed B cells Exocrine Muscle Fibroblasts T cells Fibroblasts
Fibroblasts myeloblasts cells precursors
C/EBPa Pdx1 C/EBPS Gata4 Bcl11b Ascl1
AL or Nana PRDM16 Mef2c ablation Brm2
C/EBPpS Mafa Tbx5 Mytl1l
\% v v v \% \Z v
Erythroid-
megakaryo- Macrophages  Bislet cells Brown fat cells Cardiomyocytes NK-T cells Neurons
cytic cells,
eosinophils

Figure 3. Examples of Transcription Factor-Induced Transdifferentiation
The examples shown are discussed throughout the text. Models (left to right) based on work from Davis et al. (1987), Kulessa et al. (1995), Xie et al. (2004), Zhou

et al. (2008), Kajimura et al. (2009), leda et al. (2010), Li et al. (2010a) and (2010b), and Vierbuchen et al. (2010).

Thomas Graf, Cell Stem Cell, 2011



On the way to reprogramming....

Armed with knowledge of:
- ES cell biology (Thomeon)
- the higtory of frog and mammalian SCNT (John Gurdon and Keith Campbell)

- the demonstration in 1987 b% Davig et al. that the enforced expregsion of a gingle
added trangeription factor (TF) gene could change fibroblagte into mugcle-like celle

1962 1987 1987 1981 1988 1988 1997
|
} 2006
| ‘ ‘ ‘ ‘ ‘ ‘ iPSCs
Cloning in Antennapedia MyoD Mouse ESCs LIF Human ESCs  Cloning in sheep Yamanaka
frog Gehring Weintraub Evans, Martin Smith Thomson Wilmut
Gurdon

Yamanaka get out to reprogram an intact differentiated comatic cell back to the
pluripotent state.



Epigenetic landscape
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Normal development Reprogramming to pluripotency
(dedifferentiation)

Figure 1. Cellular reprogramming depicted as a trajectory in Waddington’s epigenetic landscape. (A) A cell’s normal
developmental trajectory can be traced starting from a pluripotent cell (green ball) at the top of the hill to its final
differentiated state (blue ball), illustrating how epigenetics contributes to cell fate determination during develop-
ment. (B) A terminally differentiated cell (blue ball) can be reprogrammed back to pluripotency when exposed to a

cocktail of transcription factors.
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Takahashi Cold Spring Harb Perspect Biol 2014;6:a018606



Induction ot pluripotent stem cellg

In 2006, Yamanaka made a further conceptual leap. With four
defined trangeription factors he induced intact mouse somatic
cells to revert to a pluripotent state without an eqg or embryo ag

1

intermediary .

2006 Cell

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

Kazutoshi Takahashi' and Shinya Yamanaka'%*




Strategy to teet candidate factorg

Somatic cellg ES celle

P e
FbxI5 Fbxl5 - e gpecifically expresced in mouge

r o Embryonic Stem Celle (mESCe)

Somatic celle ES celle
Bgeo
Fbmg Fbm'ﬁE - ig a fugion of the b-galactosidage and
Bgeo pgeo neomycin regigtance genes
4 O

- ig digpengable for the maintenance of
pluripotency and mouge development

Takahashi and Yamanaka, 2006, Cell 126, 663-676



Strategy to teet candidate factorg

Gene targeting in mESCe

Fbx15 locus
Fbx!5

!

Fbx15 locus
Bgeo

%@EE rlze Hysmﬁogy éléldéme 2007 was
fdﬁﬁl}ﬂ g ir Martin J.
Evans and Oliver Smlthles or their discoveries of
principles for introducing specific gene
modifications in mice by the use of embryonic stem

cells."

Takahashi and Yamanaka, 2006, Cell 126, 663-676



Strategy to teet candidate factorg

Qomatic celle
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Strategy to test candidate factorg

Mouge Fhx/Bgeo/bgeo

Mouse embryo
Fhx[5ge0/bge0

Mouge Embryonic
Fibroblagte (MEFg)

from Fhx/BP9eo/bgeo
mice

% ~

Mouge Embryonic Fibroblagte
(MEFe)  from  Fhx/Sgeorbgeo

mice were  Qengitive 10

neomyein (G418)




Strategy to test candidate factorg

Mouge Embryonic Fibroblagte ES celle

Fbx15 locus Fbx15 locus
Bgeo Bgeo
- - ©

MYSTERY
BOX




Chaging the reprogramming factors:
Yamanaka's gtrateqy

. Pluripotent Stem Cells
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In vivo
fertilized egg

Genes expressed in ESC
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Strateqy to test candidate factorg

A
Fbx15 locus Fbx15 locus
Bgeo Bgeo |
| - ©
Retroviral infection «ggim:
& )
— G418 selection
A\

Y
wstERY!  ERGY— -oNA HERREG
-

Neomycin -regigtant colonies were
obgerved 16 dayg after traneduction with a
combination of 24 factorg. Celle were
stained with crystal violet.

Takahashi and Yamanaka, 2006, Cell 126, 663-676



Soreenmg the 24 candidates

Mouse embryonic fibroblasts
(MEFs) from Fbx15bgeo/bgeo

Each of the 24 et
Cand|dafg genes into refrovnral +rangduc+|on

mouse embryonic
fibroblaete (MEFe)

MEF

No drug-resistant colonies

v

MEF iPS-MEF24-1-9
N X 3 kb 2

A“ 24 oandidafe retroviral trangduction
factorg at the game 2

time
| The Factor
X is essential
24 Candldafe. {agf,org: retroviral trangduction
withdrawal of individual R
factorg from the pool
* TheFactor
is not

essential




Sereening the 24 candidateg

O factore whose individual withdrawal from the bulk trangduction pool
resulted in no colony formation 1O dayg after trangduction were identified

Combination of thege (O geneg alone produced more ES cell-like colonies
than trangduction of all 24 geneg did

Withdrawal of individual
factorg from the [O-factor
pool trangduced into MEFe

The removal of 4 factore Oct3/4, Klif4, Sox2 and c-Mye
cignificantly affected colony numbers. (Removal of the remaining factore
did not significantly affect colony numberg)



Oct3/4, Kf4 Sox2, and ¢-Mye play
imForfanf roleg in the generation of IOS
celle from MEFe.




Mouge Embryonic Fibroblagte ES celle

Fbx15 locus Fbx15 locus
Bgeo Bgeo |




Pluripotency testing methods

Pluripotency Assay

Purpose

Length of Assay

Nature of Assay

Strength/Definitiveness
of Assay

Colony morphology

Verify ESC colony-like morphology of clustered,
border-definied colonies.

10 minutes

in vitro

Low

Immunohistochemistry

Stain for standard pluripotency markers such as
Oct4, Tra-1-60, Sox2, Tra-1-81, Nanog and
SSEA.

1-4 days

in vitro

Real-time PCR

Detect and quantify expression levels of selected
pluripotency genes; limited by gene number,

4-6 hours (from RNA
extraction to RT-PCR

in vitro

Embryoid body formation
and analysis

Test dfferentiation capability of PSCs to tissues
of all 3 germ layers in vitro or in vivo, should be
coupled with relative quantification expression
of gene-expression from the three germ-layers,
which can be done by RT-PCR. Genes include:
Nanog, Oct4, Sox2, and Kif4 (pluripotency
markers); Ncam and NeuroD (ectodermal
markers); Runx2, HNF4a, and Nkx2.5
(mesodermal markers); and Sox17, Albumin,
Glut2, and Insulin (endodermal markers).

2-3 weeks

in vitro

in vivo

A comprehensive measurement of gene
expression levels.

1-2 days

in vitro

Teratoma formation

Test gifferentiation capability into all 3 germ
layers in vivo.

1-2 months

in vivo




human dermal

non-ES cell-like

hES cell-like

Pluripotency Assay

Colony morphology

Immunohistochemistry

Real-time PCR

Embryoid body formation| Test dfferentiation _ z-_ R _

and analysis of o8 3 yomn g PS cell line at iPS cells with high Spontaneously
of gene-expressin Dassage magnification differentiated
which can be done .
Nanog, Octd, Soxi NUMber 6 cells in the
markers); L (o T S —
markers). Runx2, HNF4a, and Nko2.6 center part of
mesodermal markers), 17, Albumin, .
fsm.mmmm:nmm. human iPS cell

Microarray A comprehensive measurement of gene 1-2 days in vitro COIOmeS
expression levels.

Teratoma formation Test gefferentiation capability into all 3 germ 1-2 months in vivo High
layers in vivo.

Takashi et al., (2007) Cell



Pluripotency testing methods

Pluripotency Assay

Purpose

Length of Assay

Nature of Assay

Strength/Definitiveness
of Assay

Colony morphology

Verify ESC colony-like morphology of clustered,
border-definied colonies.

10 minutes

in vitro

Low

Immunohistochemistry

Stain for standard pluripotency markers such as
Oct4, Tra-1-60, Sox2, Tra-1-81, Nanog and
SSEA.

1-4 days

in vitro

Real-time PCR

Detect and quantify expression levels of selected
pluripotency genes; limited by gene number,

4-6 hours (from RNA
extraction to RT-PCR

in vitro

Embryoid body formation
and analysis

Test dfferentiation capability of PSCs to tissues
of all 3 germ layers in vitro or in vivo, should be
coupled with relative quantification expression
of gene-expression from the three germ-layers,
which can be done by RT-PCR. Genes include:
Nanog, Oct4, Sox2, and Kif4 (pluripotency
markers); Ncam and NeuroD (ectodermal
markers); Runx2, HNF4a, and Nkx2.5
(mesodermal markers); and Sox17, Albumin,
Glut2, and Insulin (endodermal markers).

2-3 weeks

in vitro

in vivo

A comprehensive measurement of gene
expression levels.

1-2 days

in vitro

Teratoma formation

Test gifferentiation capability into all 3 germ
layers in vivo.

1-2 months

in vivo




TRA-1-60 TRA-1-81 TRA-2-49/6E
Colony morphology

-

Immunohistochemistry

Takashi et al., (2007) Cell

Real-time PCR

— —

Immunocytochemistry for SSEA-1 (H),

Embryoid body formation| Test diffen

ofall 3

e vabserd, s SSEA-3 (1), SSEA-4 (J), TRA-1-60 (K), TRA-1-
of gene-ex o B
wh rizted] 81 (L), TRA-2-49/6E (M), and Nanog (N).
barand Nuclei were stained with Hoechst 33342
markers) (blue).
{mesogerm. BA2 e 3
Glut2, and Insulin (endodermal markers)

Microarray A comprehensive measurement of gene | 1-2 days in vitro Medium-High
expression levels !

- . . .

Teratoma formation Test gfferentiation capability into all 3 germ 1-2 months n vivo High

ayers 1 vivo




Pluripotency tegting methods

Strength/Definitiveness
Pluripotency Assay Purpose Length of Assay Nature of Assay of Assay
Colony morphology Verify ESC colony-like morphology of clustered, | 10 minutes in vitro Low
border-definied colonies.
Immunohistochemistry | Stain for standard pluripotency markgrs such as .
Examine whether ES cell marker
genes were expressed in iPS cells. -
Real-time PCR

Embryoid body formation
and analysis

of all 3 germ layers in vitro or in vi
coupled with relative quantification expression
of gene-expression from the three germ-layers,
which can be done by RT-PCR. Genes include:
Nanog, Oct4, Sox2, and Kif4 (pluripotency
markers); Ncam and NeuroD (ectodermal
markers); Runx2, HNF4a, and Nkx2,
(mesodermal markers), and Sox17,

Microarray

Teratoma formation

Test gfferentiation capability into all
layers in vivo |

Used primers would amplify
transcripts of the endogenous gene
but not transcripts of the
transgene.

Compared the global gene-
expression profiles of ES cells and
iPS cells using DNA microarrays e




Pluripotency testing methods

Pluripotency Assay Purpose Length of Assay Nature of Assay of Assay
Colony morphology Verify ESC colony-like morphology of clustered, | 10 minutes
border-definied colonies.
C iPS-MEF3-3 iPS-MEF4-7 iPS-MEF10-6
Immunohistochemistry | Stain for standard pluripotency markers such as '
Oct4, Tra-1-60, Sox2, Tra-1-81, Nanog and
SSEA
Real-time PCR Detect and quantity expression levels of selected
pluripotency genes; limited by gene number
Embryoid body formation| Test differentiation capability of PSCs
and analysis of all 3 germ layers in vitro or in vivo; sl
D
Smooth muscle actin a-fetoprotein BlII tubulin
markers); Runx2, HNF4a, and Nkx2.5 iPS-
(mesodermal markers); and Sox17, MEF4-7
Glut2, and Insulin (endodermal markers)
Microarray A comprehensive measurement of gene Smooth muscle actin a-fetoprotein Bl tubulin
expression levels
iPS-
MEF10-6

Teratoma formation

Test gefferentiation capability into all 3 germ
layers in vivo

mesoderm
marker

ectoderm
marker

endoderm
marker
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Injectlon to SCID mice

Teratoma aggaye ‘

are congidered the Teratoma formation
gold standard for
demonatrating
differentiation
potential of
pluripotent

ESC/IPSC A variety of animal straing can be used. Immunodeficient straing (ie., Nu/Nu nude, BC nude, or
SCID for mice; Rowett nude or Athymic for rate), however, form teratomag at 4 hlgher incidence.
Thereic a glgnn“ cant chance of cell rejection in non- lmmunocompromlged modelg.




Pluripotency testing methods

Strength/Definitiveness

Pluripotency Assay Purpose Length of Assay Nature of Assay of Assay
Colony morphology Verify ESC colony-like morphology of clustered, | 10 minutes in vitro Low

border-definied colonies.
Immunohistochemistry | Stain for standard pluripotency markers such as | 1-4 days in vitro Medium

Oct4, Tra-1-60, Sox2, Tra-1-81, Nanog and

SSEA.
Real-time PCR Detect and quantify expression levels of se A

pluripotency genes; limited by gene numb

Embryoid body formation| Test differentiation capability of PSCs to t
and analysis of all 3 germ layers in vitro or in vivo, shot
coupled with relative quantification expres
of gene-expression from the three germ-i
which can be done by RT-PCR. Genes in
Nanog, Oct4, Sox2, and Kif4 (pluripotenc
markers); Ncam and NeuroD (ectodermal
markers), Runx2, HNF4a, and Nkx2.5

(mesodermal markers); and Sox17, Albun
Giut2, and Insulin (endodermal markers).

A comprehensive measurement of

examined the pluripotency of iPS
cells by teratoma formation

Teratoma formation




Pluripotency testing methods:
chimeric mouse

2006=Inability to obtain live chimeric mice after blastocyst microinjection of iPS cells

Mouse iPS cells can generate chimeric mice: their developmental potential is equivalent
to the potential of Embryonic Stem cells.

Blagtocyst
microinjection

(Wernig et al., Nature 2007)



i0Q celle ean be derived from human celle
(Takahaghi et al, Cell 2007; Yu et al,, Science 2007)

@&

Biopsy Reprogramming
— ==
oM & s
Adult cells W,
(e.g. skin fibroblasts)

Patient iPS cells
(resemble embryonic
stem cells)
Retroviral Reseeding Colony
transduction on feeder

Formation of teratomas (most stringent
pluripotency test for human cells)

Shinya Yamanaka & James
Thomson
By IAN WILMUT  Thursday, Apr. 30, 2009

Oct4,
Sox2,
NANOG,
and
LIN28
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Safety

Small molecule

MicroRNA
» mom o O

£ M. iPSCs

Efficiency

;xi rarentat et (32NEration of iIPSCe.

Varioug methods and approaches are uged to
convert gomatic celle into IOSCe. Integrative
methode euch ag integrative viruges and vectorg
provide the highest reprogramming efficiency but
the lowegt gafety. [n contragt, non- integrative
approaches guch ag the uge of emall molecules
and microRNAg  tend to have a legg
reprogramming  efficiency.  Notably, epicomal
vectore, which do not integrate with the hoat cell’s
genome, appear to provide both a high efficiency
of iOSC generation and aufficient degree of
safety. Although all the illustrated approaches
could potentially be used to produce iOSCs for
applications such ag bagic research, drug
acreening, and  diseage  modeling, genomic
integration should be avoided for generation of
clinical-grade iPSCe.

Moradi et al. Stem Cell Research & Therapy (2019) 10:341



COMMERCIALKITS...

MERRUK

Various methods utilizing viruses, DNA, RNA, miRNA and protein have been developed to
generate integration-free induced pluripotent stem cells (iPSCs).

Disadvantages to existing methods include: (1) low reprogramming efficiency (i.e. DNA and
protein), (2) a lengthy requirement for negative selection and subcloing steps to remove
persistent traces of the virus (i.e. Sendai virus)1 and (3) for daily transfections of four individual
in vitro generated mRNAs over a 14 day period (i.e. mRNA based)

Millipore’s Simplicon RNA Reprogramming Kit is a safe and efficient method to generate
integration free, virus-free human iPS cell using a single transfection step. The technology is
based upon a positive strand, single-stranded RNA species derived from non-infectious (non-
packaging), self-replicating Venezuelian equine encephalitis (VEE) virus3. The Simplicon RNA
replicon is a synthetic in vitro transcribed RNA expressing all four reprogramming factors (OKS-
iG; Oct4, KlIf4, Sox2 and Glis1) in a polycistronic transcript that is able to self-replicate for a
limited number of cell divisions.



ThermoFisher
SCIENTIFIC

Episomal vectors are a well-described system for producing transgene-free, virus-free iPSCs,
providing a source of iPSCs for all stages of your pluripotent stem cell research. Other
reprogramming methods, such as lentivirus, contain transgenes that can integrate into the
host genome, potentially disrupting the genome or causing unpredictable results.

As oriP/EBNA1 vectors, these episomal vectors contain 5 reprogramming factors (Oct4, Sox2,
Lin28, KIf4, and L-Myc) and replicate extra-chromosomally only once per cell cycle. At this
replication rate, the episomes are lost at a rate of approximately 5% per cell generation. This
system shows enhanced iPSC generation through p53 suppression, and the inclusion of L-
Myc has been shown to be more potent and specific then c-Myc during human iPSC
generation

& ALSTE

CELL ADVANCE MENTS

Retrovirus cocktail: Human induced pluripotent stem cells (iPSCs) can be derived from
somatic cells through a reprogramming process driven by ectopic expression of a defined set
of reprogramming factors: Oct4, Sox2, Klf4 and c-Myc.

“Fsterngent

A REPROCELL BRAND

Third Generation RNA Kit for Cellular Reprogramming of Fibroblasts, Blood, and Urine
(Oct4, Sox2, KIf4, cMyc, Nanog, Lin28 reprogramming factors)



(Beneration of IPSCe

Alternative gene sets:
Oct4 Oct4 Oct4 Oct4
Sox2 Sox2 or Sox2 o Sox2
Myc Lin28 Esrrb Kif4
Kifr4 Nanog (Feng et al., 2009) Tbx3
‘ (Yu et al., 2007) (Han et al., 2010)

o

Skin biopsy Fibroblast Colonies
in culture monolayer of piled-up cells

Figure 4. Reprogramming to Pluripotency

The figure outlines the methodology developed by Takahashi and Yamanaka for mice and humans (Takahashi et al.

Nanog-GFP

iPSC colonies

, 2007; Takahashi and Yamanaka, 2006) as

modified by Maherali et al. (2008). The micrographs (courtesy of Matthias Stadtfeld and Konrad Hochedlinger) illustrate the changes in morphology of skin-
derived fibroblasts infected with retroviruses carrying Oct4, Sox2, Kif4, and Myc, with a Nanog-driven GFP reporter for iPSC formation. The process is very
inefficient, typically occurring in less than 1% of the cells. A selection of alternative combinations of transcription factors capable of generating human and mouse

iPSCs are indicated in the box (Feng et al., 2009; Han et al., 2010; Yu et al., 2007, 2009).

Thomas Graf, Cell Stem Cell, 2011



Applications of iPSCe.

iPSCs Becauge of immortality and

immenge differentiation potential,
g@ IPSCe have all the potential
biomedical applications of ESCe.

They can be used to model
pluripotency  and  multi-lineage
differentigtion in vitro, gcreen
and diccover new druge, and
establich diceage modele in a

digh. iPSCe aleo hold a great

1 o = ¥ potential to be uged for replacing
| . ) 2 [ A : M N
‘%’ PO /|| diceaged or logt ticeues, which

VR neede gpecific coniderationg to
Basic Drug Disease cel  provide gafe, clinical-grade cellg

Toxicology Discovery g .. .
Sss Modeling . TherapY  for tranaplantation into patients

Moradi et al. Stem Cell Research & Therapy (2019) 10:341
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Viral trangduction of primary dermal

7 9 rolag’rg

Dermal fibroblasts are @ 3
transduced with single lentiviral b &
vector constitutively expressing
the four human reprogramming
factors, OCT4, KLF4, SOX2 and \/V
cMYC (hSTEMCCA) (Somers et
al., 2010).
After reprogramming, single iPSC-like colonies with
uniform flat morphology and defined borders were
selected for expansion as individual clones.
Perform Plate transduced cells
transduction on MEF culture dishes
Replace spent . . )
Plate Change medium Switch o iPSC  Emerging iPSC colonies ready for transfer
cells medium | i medium colonies t /
[ | 1 [ [ | [ 1 | [ /L1 | |
! I I ! I I I I I I 7710 I J
Day: -2 0 1 2 4 6 [7 8 10 12 24 P1-P10 P10
(~5 weeks) Transition to Essential 8 Medium




Mouge (ICR) [nactivated Embryonic
Fibroblagtg

Inactivated Mouge Embryonic Fibroblagte (MEFe) are e
used ag feeder layere for culturing iIPSCaq in their Qiﬁ \
undifferentiated atate. MEFg are mitotically inactivated /“Z’&i LS
(by y-irradiation or mitomyein C treatment). The Sy
growth-arrested feeder layer supports the iOSC ’
culture by providing nutrients, growth factorg, and
matrix componentg, and it enableg PSCg to survive
and proliferate more readily in culture.

Perform Plate transduced cells
transduction on MEF dishes
Replace spent . . .
Plate Change medium witchto iPSC  Emerging iPSC colonies ready for transfer
cells medium | — edium colonies I
1 1 [ 1 [ 1 1 1 1 1 741 |
] ) I I I I I ] I | 770 |
Day: -2 0 1 2 4 6 7 |8 10 12 24 P1-P10 P10
(~5 weeks) Transition to Essential 8 Medium




Let's take a cloge-up look....

Fibroblasts before transduction (5X)

10 days posttransduction

SUZ G0N~ 2
7 )

Perform Plate transduced cells
transduction on MEF culture dishes
i Replace spent - _ _
Plate l Change medium 1 Switch o iPSC  Emerging iPSC colonies ready for transfer
cells medium | — medium colonies I i
1 | [ [ [ [ | 1 ] ] 2 1 | |
] ) || I I I I ] || | 2| ] ]
Day: -2 0 1 2 4 6 7 8 10 12 24 P1-P10 P10

(~5 weeks) Transition to Essential 8 Medium



Human fibroblast reprogramming




IPSCe cultured on mitotically inactivated
MEF feeder layer

== PSC colony

7 MEF




Applications of iPSCa: news from our lab

iPSCs
So=
Bagic regearch l
Digeage modelling ll@ l l
| A

Druge discovery s



Informative talk given by Yamanaka:

http://www.youtube.com/watch?v=AD1sZU1yk-Y

https://www.youtube.com/watch?v=AD1sZU1yk-Y&t=14s






