The major correlate of aging is

the gradual loss of

regenerative capacity in most
organs and tissues after birth

Nicolas-Sebastien Adam, Paris,

"The hound of Zeus, the tawny eagle, ..... feasting on thy
liver til he hath gnawn it black"

Aeschylys, Prometeus Bound
Rubens, Philadelphia

Regenerative potential of
Ambystoma mexicanum (Axolotl)

The axolotl does not heal by scarring and is
capable of regenerating entire lost
appendages in a period of months, and, in
certain cases, more vital structures. Some
have indeed been found restoring the less vital
parts of their brains. They can also readily
accept transplants from other individuals,
including eyes and parts of the brain—
restoring these alien organs to full functionality.
In some cases, axolotls have been known to
repair a damaged limb as well as regenerating
an additional one, ending up with an extra
appendage that makes them attractive to pet
owners as a novelty.

Patient
requiring tissue
regeneration

Embryonic stem cells

*From embryos

*Through cloning
» *Through genetic
reprogramming
Myocardial infarction and heart failure

Liver rmhoss Adult stem cells
Need for epidermal and dermal substitution
Vascular grafts
Neurodegeneration and trauma
Bone and cartilage damage

Regenerative responses in
urodeles

Regeneration might be a primordial
attribute of metazoan that has been
lost subsequently for reasons that are
not yet understood

An adult newt can regenerate:

o Jaws

e Lens

¢ Retina

¢ Large sections of the heart
¢ Limbs

e Tail

Regenerative potential of
Ambystoma mexicanum (Axolotl)

What is a stem cell?

A cell that:

= is not differentiated

is able to self-renewal

can proliferate indefinitely -~ > stem cell ageing???
can generate many cell types

supports development, tissue homeostasis and repair

Emibryonic stem cells (ESC) Aduit stem cells (ASC)



Potency: the range of commitment options available to a cell

Totipotent: able to give rise to all the cells of the embryo and those that
support its development in utero: Zygote

Puipotent: able to give rise to cells derived from all three germ layers

Mulkiipotene: able to give rise to a subset of cell lineages that constitute an
entire tissue or tissues, e.g.Haematopoietic stem cells
Umipotent: able to differentiate into only one mature cell type.

The Waddington epigenetic landscape

Fifty years ago, Conrad Waddington proposed an elegant model for the complex decision making process
that takes place during differentiation. He compared the totipotent zygote to a marble poised to roll down a
slope with branching ravines. It was thought that, just as a marble never rolls back up a slope of its own
accord, the branching points during development define permanent decisions made by the cells that cannot
be undone or reversed.

Establishment in culture of pluripotential
cells from mouse embryos

Blastocoel Inner cell mass
Blastocyst
D
B> = ,
Cultured Pluripotent
Stem Cells Trophectoderm

Evans MJ and Kaufman MH (1981), Nature 292, 154-156

Development

Human Embryonic Stem cells

Normal caryotype!

, |

Thomson (1998), Science 282, 1145-1147



Stem Cells Properties

The transcriptional profiles of
mouse embryonic, neural and
hematopoietic stem cells were
compared to define a genetic
program for stem cells

A Stem Cell Molecular
Signature

Natalia B. Ivanova, John T. Dimos, Christoph Schaniel,

Jason A. Hackney, Kateri A. Moore, lhor R. Lemischka*
18 OCTOBER 2002 VOL 298 SCIENCE

Because all SCs
share fundamental
biological properties,
they may share a
core set of molecular
regulatory pathways.
Thus, it was
tempting to define a
general gene
expression profile of
the SC “state” (by
using Affymetrix
oligonucleotide

arrays).

TRANSCRIPTIONAL PROFILE
OF STEM CELLS

The 216 genes enriched in all three stem cells.

Venn diagram of the
number of genes enriched
in each stem cell
population and their
overlaps.

Note the high overlap
between ESC- and NSC-
enriched genes.

Intrinsically expressed transcription factors and
extrinsically supplied cytokines are required to maintain
ES cell pluripotency

ES cells express characteristic transcription factors:
* Oct-4, encoded by POU5f1, a class V POU (Pit-Oct-Unc) domain protein
» Nanog, a novel homeodomain protein
» Sox2, an SRY-related HVIG box protein
« Cell-surface markers are also expressed:
mES cells express SSEA-1 (stage specific embryonic antigen)
hES cells express SSEA-3 and SSEA-4

mES and hES cells express TRA1-60, TRA-81 and alkaline
phosphatase

Mouse ES cells must also receive the cytokine LIF

Human ES cells are LIF-independent (Wnt signalling is the basis of pluripotency in
human ES cells)



Transplantation of
ES-derived cells

Maijor drawbacks
- medical concerns
- moral concerns
- political concerns
- immune rejection

Clinical use of ES cells

Expanding the boundaries of ES cells

ESC Research Distribution throughout the WorldWorld maps comparing the distribution of stem cell research throughout the
world between two 5 year periods: 2002-2006 and 2007-2011. The numbers of publications involving human and nonhuman
ESCs wel essed separately and are thus presented in separate maps. Nonhuman ESCs are mostly, but not exclusively,
mouse ESCs. The maps are color-coded by the absolute number of articles published by laboratories from each country. The

total number of contributing countries during the examined years appears in the upper right side of each map. Articles dealing
with iPSCs were removed from the analysis. Quantification of articles was carried out using “ISI Web of Science’

ES cells transplanted into the heart develop

into a teratoma:

extensive replacement of the ventricular wall and
cavity with tumor, with central necrosis

Multiple nodules of cartilage (mesodermal) at the
interface with host myocardium

Several poorly differentiated epithelial cells

Gut epithelium and ciliated respiratory epithelium
(endodermal)

Stratified squamous epithelium (ectodermal)

C. Murry (University of Washington, Seattle)

Safety and Tolerability of Sub-retinal Transplantation of hESC Derived RPE (MAQ9-
hRPE) Cells in Patients With Advanced Dry Age Related Macular Degeneration (Dry

AMD)

Sponsor: Advanced Cell Technology
ClinicalTrials.gov Identifier: NCT01344993

www.thelancet.com Vol 379 February 25, 2012

Can
we

go

back?



CLONING and .
NUCLEAR Cloning
REPROGRAMMING:

running backward

along cell

differentiation

NATURE SO TECHMNGLOGY



Although Dolly was born 15
years ago, cloning human
embryos became possible only
recently

STEM CELLS 2008:26:485-493 www.StemCells.com

Woo-Suk Hwang
& the problem of research misconduct

“He was a national hero in South Korea, his research lab was probably one of the
best funded in the world, and he flew first class anywhere he wanted, any time he
wanted, for free, courtesy of Korean Air. He was treated like a rock star. His
spectacular fall from one of the most envied positions in science plays out like a
Greek tragedy.”

Stephen Minger: The Fall of a Scientific “Rock Star”. BBC online: Tuesday, 10 January 2006, 17:53
GMT. http://news.bbc.co.uk/1/hi/sciltech/4599974.stm

Neti and Ditto
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Reproductive cloning for human infertility, besides
ethically questionable, is highly inefficient

Low efficiency of nuclear transfer
High rate of abnormal embryonic development
"Large offspring syndrome"

- placental abnormalities

- fetal overgrowth

- respiratory failure

- high incidence of neonatal abnormalities

Woo-Suk Hwang, cloning of Snuppy

Hwang WS, et al. (2005). "Dogs cloned from adult somatic cells".
Nature 436 (7051): 641. PMID 16079832 DOI:10.1038/436641a.

Applications of cloning

® Treatment of human infertility NO!

® Transgenic animals for drug production

® Genetic rescue of endangered mammals

® Animal organs for human xenotransplantation

® Therapeutic cloning for human stem cell therapy
® Human tissue and organ engineering

® Rescue of genetic defect by ex vivo gene therapy

Normal embryo development requires extensive
genome demethylation

Between fertilization and implantation, the embryo demethylates most of its genes, with the
exception of imprinted and some repeat genes. The maintenance of imprinted genes
through the preimplantation period is essential for normal embryonic development.
However, demethylation of other genes is important to make the genome broadly available
to the undifferentiated and developing embryo.

Demethylation in the embryo may help remove the epigenetic modifications acquired during
parental gametogenesis



Various tissues present
in teratomas derived
from iPS

Neural tissues and
muscles in teratomas

In vitro embryoid body
formation and
differentiation

In vitro differentiation
into all three germ
layers.

VOL. 98 NO. 4/ OCTOBER 2012

Induction of pluripotent stem cells
from mouse embryonic or adult
fibroblasts by introducing four factors,
Oct3/4, Sox2, c-Myc, and KIif4 in
the FBX15 locus, under ES cell culture
conditions.

These cells, which were designated iPS (induced
pluripotent stem) cells, exhibit the morphology
and growth properties of ES cells and express ES
cell marker genes.

1- Subcutaneous transplantation of iPS cells into
nude mice resulted in tumors containing a variety
of tissues from all three germ layers.

2- Following injection into blastocysts, iPS cells
contributed to mouse embryonic development,

Applications of cloning

® Treatment of human infertility NO!

® Transgenic animals for drug production Therapeutic cloning
@ Genetic rescue of endangered mammals \ Q o
A L b= 8 Patient with disease
® Animal organs for human Specficell mes-—._ X A N Diseasefee el
9 g.:mz:;ﬁ‘m [ \mmea v

xenotransplantation

® Therapeutic cloning for human stem cell

\lhansler of
cell fo :u

production for tissue and organ D gg'em,%umm.s
regeneration Qﬂ'{;’m .
Bw
® Rescue of genetic defect by ex vivo gene ,,, > /6 §_§
therapy Is':em cells grown

and cell fused
I[)ﬁmlm current

Embryonic stem
cells;zcnvered ®

Embryo cultured for 7 days

iPS derivation from human skin cells

Induction of Pluripotent Stem Cells
from Adult Human Fibroblasts
by Defined Factors

Kazutoshi Takahashi," Koji Tanabe," Marl Ohnuki Megumi Narita,’ Tomako Ichisaka,' Kichiro Tomoda,®
and Shinya Yamanaka'

0O110.10181.0801.2007.11.018

Vol 451|10 January 2008 doi:10.1038/nature06534

Medical use of iPS cells: iPs as an ethical alternative
to ES cells?



iPS vs ES cells

Although they have similar phenotypes they are not
identical

Significant differences in their gene expression profile

iPS cells retain an epigenetic memory of their tissue of
origin

Several methods for reprogramming now exist

iPS cells can cause teratoma - 2 of the 4 transgenes are

known to be oncogenic; retroviruses and lentiviruses used
as vectors can cause insertional mutagenesis

The source and age of donor cells can affect
reprogramming (the more differentiated the donor cell is
the more difficult it is to wind back its developmental clock)

Sources of adult stem cells

Bone marrow: HSC and MSC
Peripheral blood: HSC, hemangioblast?
Brain and spinal cord: neural stem cells
Skin: epidermal stem cells

Liver: oval cells

Pancreas: ductal stem cells

Eye: corneal and retinal stem cells
Skeletal muscle: satellite cells and SP

Heart: cardiac stem cells

Disease modelling using human iPS

A major barrier for research on cardiac and
neurological disorders is the inaccessibility of diseased tissue for study

Transdifferentiation: the direct reprogramming
of one somatic cell type into another without a
stem cell intermediate
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Bone marrow stem cells can repair damaged heart muscle?

The Bone Marrow—Cardiac Axis of
Myocardial Regeneration

Table 2. Summary of Major Cell-Based/Cytokine Clinical Trials

Patients. Cell Type Time of Cell
Method of Treated/ Placebo/ Cell Number Delivery (Days
Study Delivery Control Control  or Dose Post-MI) Results Reference
Straver Intracoronary 10/1030  Control ~ BM-MNC 7 Improved Strauer et al,
(CPC) 9x10° contractilty 2002"%
t02.8x 107 and reduced
infarct sze
Intracoronary 29 CPOL3x 107 37 Improved EF and  Assmus et a,
(BM-MNC) CBMMIND reduced infarct  2002'
2% 107 size Britten et al,
2003"
Schachinger
@ etal, 2004'%°
B0  hcornay 00 o) BMANG 6 o B Wl o1, s wi
i B0 omo 20047 Few studies with
No diterence ) Meyer et a,
at18mo 2006 placebo control
Janssens Intracoronary 33/34 Placebo  BM-MNC 3.0 x 1 I atfact Janssens et al,
10° cells 2006 group: no
Chen Intracoronary 34/35 Placebo  MSC 48 x 10'° 18 Improved and Chen et al, d R : h
10 60 x 10 perfusion at 3mo  2004'"°
REPAIR-AMI Intracoronary 102/102  Placebo  BM-MNC 4 Improved EF and  Schachinger reduction in the
24x10° reduced infarct etal, 2006'"" i
reduced infa infarcted area!
ASTAMI Intracoronary 100 Control  BM-MNC 5-8 No difference Lunde et al,
e. 107 at6 mo 2008"'?
FIRSTLINE-  Mobilization ~ 25/25 Control  G-CSF. 0-6 1QD Improved EF and  Ince et al,
AMI 10 pg/kg BW remodeling 2005'"%
STEMMI Mobilization ~ 39/39 Placebo  G-CSF 0-6 10D No difference Ripa et al,
10 pg/kg BW at6 mo 2006'"*
REVIVAL Il Mobilization ~ 56/58 Placebo  G-CSF 0-51QD No difference Zohinhoefer
10 pg/kg BW at6 mo et al, 2006''*

Progress in Cardlovascular Diseases, Vol. 50 No. 1 (July/August), 2007: pp 18-30

Stem Cell Tourism

First case of alleged stem-cell fraud enters US courts

Six residents of Los Angeles, California, are suing South Korean company RNL Bio and associates in a
Californian court for alleged fraud. They claim the company convinced them to travel to clinics in South Korea,
China or Mexico to donate fat tissue and have stem cells from it re-administered to cure diseases and even
reverse ageing.

Stem Cell Bank

NATURE | doi:10.1038/nature02460 | www.nature.com/nature

New Scientist, 13 July 2012



AdiLight-1"
(LED)
Activates Adipose-Derived Stem
Cells through photomodulation. Also
used in autologous platelet rich
plasma preparations as it modulates
cytokine release from monocytes.

Made to order. 4 weeks delivery.

AdiLight-1™ Kits
(Intravenous)

For Extraction of Adipose-Derived
Stem Cells from 100ml to 400 ml of
Lipoaspirated Fat.

For laboratory or research use only.

Used in clinical trials for lung
diseases, brain injury and autism

THE CONTROL OF EPIDERMAL STEM CELLS (HOLOCLONES) IN
THE TREATMENT OF MASSIVE FULL-THICKNESS BURNS WITH
AUTOLOGOUS KERATINOCYTES CULTURED ON FIBRIN'

AdiLight-1™ Mini-Kits
(Osteoarthritis)

For Extraction of Adipose-Derived

Stem Cells from 50m of Lipoaspirated

Fat.

Used in topical procedures such as
intra-articular injection for osteoarthritis
of the knee and hip, cosmetic surgery
and acne scarring, dermal injection,
stem cell enriched fat transfer, wounds
and chronic ulcers.

Skin autografts
produced by stem
cell derived
keratinocytes

Limbal Stem Cells

Hematopoietic
stem cells

Limbal epithelial
stem cells for
corneal
regeneration



Limbal Stem-Cell Therapy and Long-Term

Corneal Regeneration

Paolo Rama, M.D., Stanislav Matuska, M.D., Giorgio Paganoni, M.D.,
Alessandra Spinelli, M.D., Michele De Luca, M.D., and Graziella Pellegrini, Ph.D.

Diagnosis and grading of limbal
stem cell deficiency

Al eyes had total LSCD,
complete corneal opacification,
and stromal scarring. Vision was
reduced to counting fingers or
perceiving hand movements.
Autologous LSC cultures
successfully regenerated
functional corneal epithelium. To
improve their visual acuity after
grafting, the patients underwent
penetrating keratoplasty. In all
eyes, the engrafted LSC
resurfaced the donor stroma. At
the last follow-up visits, all eyes
were covered by stable corneal
epithelium. In Patient 46, the
follow-up image shows that the
conjunctival vessels stop at the
conjunctival-corneal boundary
(arrowheads); they do not invade
the restored corneal surface.



