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Pluripotent stem cell
(Embryonic stem cell = ES cells)
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Pluripotent stem cells and tissue replacement therap
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diabetes (lost of b-islet cells), immunodeficiency (loss of cell
mediated immune response), Parkinson’s disease (lost of
dopaminergic neuron).
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‘The is testing the safety of hESC-
derived retinal cells to treat patients with an eye
disease called
(SMD).
‘The is testing the safety of hESC-
derived retinal cells to treat patients with

. On July 14, 2011,

that doctors at UCLA had treated one
patient in each of its clinical trials.
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= Pluripotency induction:

cell fate change by expression of
transcription factors

COMPARATIVE ANALYSIS
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'Research

» Ectopic expression of transcription factors can reprogram cells
into another lineage: Gata1 convert lymphoid/myeloid cells
into Mega/Erythroid cells (Iwasaki and Akashi, Immunity
2003)

L]
e Takahashi and Yamanaka reported that p

can be established by 4 transcription factors selected from a
list of 24 mouse ES enriched genes: Oct4, Sox2, Kif4 and Myc.
(Takahashi and Yamanaka, cell, 2006)

* Reports from the laboratories of Thomson (Yu and Thomson,
Science 2007), Yamanaka ( Takahashi and Yamanaka, Cell
2007), Daley (Park, Nature 2008) and Plath (Lawry and Plath,
2008) reproduced the iPS phenomenon in human dermal
fibroblasts by ectopic expression of four embryonic stem cell
specific transcription factors.



Embryonic stem cell, SCNT-embryonic stem cells
and other reprogramming
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All factors

N Takahashi and
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History about iPS Cells

Year Group

2006 Yamanaka et al,

2007 Yamanaka et al.
2007 Thomson et al,

2008 Melton et al,

2008 Ding et al.

Hochedlinger et
2008 al,
2008 Yamakana et al.

2009 Ding et al,
2009 Freed et al,
2009 Blelloch et al

2011 Morisey at al.

Strategy

First to
demonslrate

Different

Contribution

IPS cells were frst generated using retroviruses and the four key pluripotency genes; falled o preduce
viable chimera.

IPS cells were generated again using retrovirusas, but this time produced viable chmera (they used

Selection Method different selection methods).

Veclor

small Compeund
Mimicking
Small Compeund
Mimicxing

Vector
Veclor

Proteins
Vector
RNA

RNA

IPS cells were generated agai using lentiviruses, and again procuced viable chimera,

Using HDAC Inhibitor valproic acid compensates for C-Myc.

Inhibit HMT with BIX-01284 mimics the effects of Sox2, significantly increases reprogramming
efficiency.

The group used an adenovirus tc avoid the danger of creating tumors; however, this led o lower
efficiency.

The group demonstrated reprogramming with no vrus (they instead used a plasmid)

Used recombinant proteins ; protains added to cells via arginine anchors wes sufficient fo induce
pluripotency.

Adenoviral gene delivery reprogrammed human fibroblasts to iPS cels,

Embryonic stem-cell specific microRNAs promted IPS reprogramming.

Demonstratzd another method using microRNA that improved the efficiency of reprogramming to a rate
similar to that demonstrated ty Ding.



PS cells generation in patient fibroblasts

PaI'l(inSOn’S disease (Wernig and Jaenisch, 2008, Maehr and Melton PNAS 2009).
Amyopathic Lateral SCleI'OSiS, (Dimos and Eggan Science 2008)

Type I diab eteS (Maehr and Melton PNAS 2009)

ADA-SCID, SBDS, Gaucher disease, Duchenne and Becker Muscular

dystrophin, Parkinson’s disease, Huntington disease, JDM, Down

ﬁ"‘rﬂtl“t\mn I r\nnl‘\ NT"’YL‘\“ ﬁTT“A‘I—‘I\mI\
SYIHUTOIHIC, LESCII-INYI1lall SYIHIATOIIIC. (Park and Daley Cell 2008).

iPS cells generation from other cell types

Blood cells o and batey 2000). B-C€11S (Hanna and jaenisch celt 2008)
Blood stem cells @mini and Hochediinger Nat Genet 2000)
Pancreatic B—CEHS (Stadtfeld and Hochedlinger Cell Stem Cell2008)
Hepatic and gastric endoderm (o and vamanaka science 2008)

Neural Stem CellS (Kim and Scholar, Nature 2008)




Developments toward the “safer” iPS generation

Reduced number of transcription factor use:

No myc: Nakagawa and Yamanaka, Nat Biotechnol 2008, Wernig and Jaenisch, Cell Stem Cell 2009

No Soxz: by adding GSK-3 inhibitor, Zhou and Ding, Stem cell 2009, in neural stem cell, Kim and Scholer Nature 2008
No Klf4/myc, by addition of Valproic acid : Huangfu and Melton, Nat Biotech 2008

No Myc and Sox2, by addition of BIXo01294 and PDo0325901 (Zhou and Ding, Cell Stem Cell 2008).

Klf4 only by adding Kenpaullone (Lyssiotis and Jaenisch, PNAS 2009)

Specific pathways:

TGFb inhibitor replace Sox2 and cMyc and induce Nanog (Mah 1d Hochedling

Eggan 2009 )

p53 inhibition augments iPS efficiency (Hong and Yamanaka, Nature 2009,Utikal and Hochedlinger Nature 2009,
Marion and Blastco Nature 2009, Li and Serrano Nature 2009, Kawamura and Belmonte 2009)

Hypoxia - Yoshida and Yamanaka Cell Stem Cell 2009
WNT signaling stimulates reprogramming efficiency (Marsonm, Jaenisch Cell Stem Cell 2008)

Better vectors:

Drug Inducible vectors: Wernig and Jaenisch, Nat Biotechnol 2008, Hockemeyer and Jaenisch, Cell Stem Cell 2008
Non-integrating vectors : adenovirus in hepatocyte (Stadtfeld and Hochedlinger Science 2008)
Self-inactivating vectors: Piggy Bac (Yusa and Bradley, Nat Methods 2009)

multi-cistronic vectors: single lentiviral cassette ( Carey and Jaenisch, PNAS 2009, Sommer and Mostoslavsky, Stem
Cell 2009)

Vector free (episome Yu and Thomson, Science 2009; direct transfection Okita and Yamanaka Science 2008)
Direct protein induction: poly arginine modification of recombinant protein (Zhou and Ding, Cell Stem Cell 2009),
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Science 21 December 2007:
Vol. 318 no. 5858 pp. 1920-1923
DOI: 10.1126/science.1152092

Report
Treatment of Sickle Cell Anemia Mouse Model with iPS Cells Generated from Autologous Skin

) ) ) ) ) > 3 )
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It has recently been demonstrated that mouse and human fibroblasts can be reprogrammed into an embryonic stem cell-like
state by introducing combinations of four transcription factors. However, the therapeutic potential of such induced pluripotent
stem (iPS) cells remained undefined. By using a humanized sickle cell anemia mouse model, we show that mice can be rescued
after transplantation with hematopoietic progenitors obtained in vitro from autologous iPS cells. This was achieved after
correction of the human sickle hemoglobin allele by gene-specific targeting. Our results provide proof of principle for using
transcription factor-induced reprogramming combined with gene and cell therapy for disease treatment in mice. The problems
associated with using retroviruses and oncogenes for reprogramming need to be resolved before iPS cells can be considered for
human therapy.



Summary

* Reprogramming patient cells into a pluripotent state
provides the best matching and the most abundant
source for tissue regeneration.

* Among all different methods, the most achievable is
direct reprogramming, by introducing pluripotency
associated transcription factors into primary tissue
culture.

* Direct reprogramming generates induced pluripotent
stem cells that are functionally and phenotypically
identical to embryonic stem cells.

» “Safer” protocol in generating less tumorigenic
induced pluripotent stem cells are rapidly evolving.

* More works are needed in order to employ iPS cells for
tissue replacement therapeutics.
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