Stem cells &
gene therapy

Lecture 14

23th Januar y 2012


Prezentator
Notatki do prezentacji
Although we know that the applications of medical biotechnology are multiple, this lecture will concentrate on one type of what we can name „medicine of the future”. Or better, and more correctly, „medical biotechnology of the future”. It will be about the stem cells. Thanking the organizers for allowing me to speak here,  I would like to present to you  some of the recent, spectacular discoveries in the field of cell therapy and demonstrate some of our work from this area. 


What i1s a stem cell?

‘_) replicate itself

A single cell that can

differentiate infto many

cell types.
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Prezentator
Notatki do prezentacji
A stem cell is an unspecialized cell that can both slef-renew and differentiate into functional phenotypes. 
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Sources of stem cells
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Prezentator
Notatki do prezentacji
Embryonic germ cells are isolated from the gonadal ridge of a 5-10 week fetus. In particular, they are derived from the primordial germ cells that in vivo give rise to eggs or sperms in the adults. These cells have been shown to be pluripotent in ivitro 

In 1981 Martin, Evans and Kaufman isolated and cultured pluripotent cells from the inner cell masses of mouse embryos. In 1998 – first human ESCs were isolatged  Thosmon et al. 1998. Human ESC have been defined to a) be isolated from the inner cell mass of the blastocyst; b) proliferate extensively in vitro (concomitantly expected to maintain high levels of Oct-4 expression, telemerase activity and a normal karyotype)’ c) retain the potential to differentiate into cell types of all three lineasges. 


Classification of SCs

Based on the tissue commitment/ differentation capacity
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Totipotent SCs - zygote
Pluripotent SCs

Multipotent SCs

Unipotent SCs (Tissue progenitors)

Based on their origin
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Embryonic SCs (ESCs)

Fetal SC (,,adult” SC)

Umbilical cord blood stem cells (,,adult”)

Postnatal - Adult SCs

Reprogrammed SCs (Inducible Pluripotent SCs = iPS cells)



Stem cells

1. Embryonic stem cells (ESC)

2. Somatic (,,adult”) stem cells
2.1. Fetal, tissue specific stem cells
2.2. Umbilical cord bloods stem cells
2.3. bone marrow
2.3.1. hematopoietic
2.3.2. mesenchymal
2.3.3. proangiogenic (endothelial) progenitor cells
2.4. skin
2.5. nervous (brain)
2.6. intestine
2.7. other adult, organ specific (heart, fat tissue)
2.8. embryonal carcinoma cells

3. Tumor stem cells



What are embryonic stem cells?

fertilized egg

V| INNER CELL MASS
(PLURIPOTENT)

- develop from eggs fertilized In vitro
- derived from 4-5 days old embryos

- Isolated from — 8 cell embryo or inner cell mass


Prezentator
Notatki do prezentacji
Such embryonic stem cells are used for the generation of the transgenic mice, the technology for which Drs. Capecchi, Evans and Smith have received recent Nobel prize. You will have an opportunity to learn about this potent technique from the talk of Klaudia Skrzypek on Monday, who will present our work on the generation of transgenic mice. 


Human embryonic stem cells

Calls dissociatea B oo Iradialed maouse
ond teplated  cE»

Established embryanic stem cell cedl culfures

Obtained in 1998
by J. Thompson

Stem Cell Information

The National Institutes of Health
resource for stem cell research



http://stemcells.nih.gov/index.asp�
http://stemcells.nih.gov/index.asp�
http://www.nih.gov/�

Embryonic stem cells are pluripotent
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Human ESC, after being differentiated to a specific cell type,
can be potentially used for the therapy



The hierarchical structure of differentiation

Functional capacity

Differentiation potential
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terminally
differentiated
cells



In vitro differentiation
to all cell lineages

Teratoma formation

Chimera formation

Germline contribution

Tetraploid complementation
of the blastocyst

Methods for assessing the pluripotency of stem cells

Expanmental approach

Diffarantiation induced in cultured cells and
cealls are assayed for the expression of call-
type specific markers

Induction of tumors demonstrating
the potantial to ganerate differantiatad call

typas of various insages

Contnbution of calis to normal devalgpmant
following injection

imto host blastocyst

Abdity of test cells to ganarate
functional garm calls

Injection oftest calls into 4n host blastocyst.
Bacause 4n host calls cannot contribute to
somatic insages ambryo s axclusivaly
composad of test calls

Note:
not every tests of pluripotency can be applied to human
embryonic/pluripotent cells due to ethical reasons



Methods for assessing the pluripotency of stem cells

Expression of genes considered as markers of pluripotency: Oct4 gene

The octamer-binding transcription factor 4 gene encodes
a nuclear protein (Oct4, also known as Pou5F1 and Oct3/
4) that belongs to a family of transcription factors con-
taining the POU DNA-binding domain. Expression can be
detected in embryonic stem cells as well as in adult stem
cells, such as bone marrow-derived mesenchymal stem
cells. Expression of Oct4 is downregulated coincident
with stem cell differentiation and loss of expression lead-
ing to differentiation. A role for maintaining pluripotency
and self-renewal of embryonic stem cells is ascribed to
Oct4 as a pluripotency marker. Results describing Oct4
expression in differentiated cells, including peripheral
blood mononuclear cells (PBMCs), neonatal and adult
stem cells, as well as cancer cells, must be interpreted
— with caution. In several publications, Oct4 has been
ascribed a function in maintaining self-renewal of adult
stem cells. In contrast, other publications reported Oct4
expression in human tumor cells. Here, we summarize

Liedtke et al., Biol Chem 2008



Pitfalls with using Oct4 as the marker of pluripotency

Variants of Oct-4 transcripts

Oct-4A

Oct-4B

Oct-4B1

Based on: OCT4 spliced variants are differentially expressed in human pluripotent and
nonpluripotent cells, Atlasi et al., Stem Cells, 2008


Prezentator
Notatki do prezentacji
Poszczególne warianty transkryptu różnią się pojedynczymi eksonami.


Pitfalls with using Oct4 as the marker of pluripotency

Oct-4A

Oct-4B

Oct-4B1

v v v
4 4 5

Based on: OCT4 spliced variants are differentially expressed in human pluripotent and
nonpluripotent cells, Atlasi et al., Stem Cells, 2008


Prezentator
Notatki do prezentacji
Startery wiążące się do części wspólnej dla wszystkich wariantów mogą dawać sygnał pochodzący także od wariantów 4B i B1 o nieznanej funkcji. Dodatkową pułapką są rozliczne pseudogeny Oct-4A, które mogą stanowić problem nie tylko w przypadku zanieczyszczenia mRNA genomowym DNA ale także ulegają ekspresji w komórkch nowotworowych i komórkach macierzystych hematopoetycznych.


Pitfalls with using Oct4 as the marker of pluripotency

Oct-4A

Oct-4B

Oct-4B1

Additional danger: Oct-4A pseudogenes !!!

Based on: OCT4 spliced variants are differentially expressed in human pluripotent and
nonpluripotent cells, Atlasi et al., Stem Cells, 2008


Prezentator
Notatki do prezentacji
Startery wiążące się do części wspólnej dla wszystkich wariantów mogą dawać sygnał pochodzący także od wariantów 4B i B1 o nieznanej funkcji. Dodatkową pułapką są rozliczne pseudogeny Oct-4A, które mogą stanowić problem nie tylko w przypadku zanieczyszczenia mRNA genomowym DNA ale także ulegają ekspresji w komórkch nowotworowych i komórkach macierzystych hematopoetycznych.


Methods for assessing the pluripotency of stem cells

Expression of genes considered as markers of pluripotency: Oct4 gene




Adult stem cells

bone marrow

/

hematopoietic stem cells
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Prezentator
Notatki do prezentacji
Hematopoietic stem cells are in use in therapy since several decades. They are the treatment of choice in therapy of leukemias but also in therapy of immunodeficiency diseases. In fact,. The comobination of hematopoeitic stem cells and gene transfer has also resulted in the succesful gene therapy of immunodeficiency diseases. 


Adult stem cells

a bone marrow \

mesenchymal stem cells

hematopoietic stem cells
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Plasticity of adult stem cells?

the ability to form specialized cell types of other tissues
(also called transdifferentiation)

It is disputable whether adult stem cells can have the pluripotent potential:
there are reports which claim such properties, but there are doubts that in

adult organism there are real pluripotent cells, equivalent to ESC 14



Mesenchymal stem cells

a Bone marrow
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Nombela-Arrieta C et al., Nature Rev Mol Cell Biol February 2011



Properties of mesenchymal stem cells

Can be easily isolated and propagated

Mutlipotent — can be differentiated in several cells types

They are characterized by low immunogenecity

May be genetically modified (their properties can be improved)
May be isolated from different sources (bone marrow, fat)

GrubE



Genetic modification of pig bone marrow
MSC for therapy of myocardial infarction

Separation of BM a)d
mononuclear cells %%0

l \ differentiation

and

expansion of
cells

GFP and HO-1
adenoviral
transfer

Injection
into ischemic
myocardium

Wojakowski, Szade et al., in preparation



Bone marrow-derived proangiogenic progenitor cells (PPCs)

bone
marrow

Characteristics:
CD31+/ CD34+/CD133 +/VEGFR-2+/ CXCR4+/CD45-

= N mononuclear
cells

* Uptake of AcLDL

fibronectin
/ gelatin
coated dish

Binding of lectins

adherent
cells

EPCe Tube formation on matrigel

Named also: endothelial progenitor cells (EPC)



Post-natal vasculogenesis

» Mobilization

Bone VEGF, SDF-1, EPO, G-
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» Adhesion
Integrin B1, B2, avB3, avBES

» Chemotaxis
SDF-1/CXCR4

> Migration

» Differentiation » Invasion

Maybe influenced by growth Proteases
factors, aﬂl—:—ul contact, matrix {e.g. cathepsins)

» Release of
growth factors

VEGF, 5DF-1, IGF-1, HGF

EPCs are claimed to contribute to postnatal vasculogenesis


http://circres.ahajournals.org/content/vol95/issue4/images/large/4FF3.jpeg�
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Endothelial progenitor cells (EPCs)

. Circulating cells

display the ability to display cell surface antigens similar

to endothelial cells in vitro
Circulate and are able to lodge in areas of ischemia or vascular injury

Facilitate repair of damaged blood vessels
Augment development of new vessels by differentiation into

endothelial cells

M. Yoder, J Cell Mol Cardiol, Feb 2011



Stem cells in therapy

1. Hematopoietic stem cells (bone-marrow, cord blood
(leukemias, iImmunodeficiencies , anemias
but also other, like Krabbe’s diseases,
adrenoleukodytrophy)

2. Skin stem cells
(burns, ulcers)

3. Endothelial progenitor cells and others —
therapy of myocardial infarctions

4. Neural stem cells — Parkinson disease, Alzheimer disease

P Pallidum Substantia
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5. Bone marrow cells for treatment of diabetes type |



4 imbal stem cells in treatment of blindess caused by damage
(mostly burn-caused)

The autologous
limbal cells
were used

for the
transplantation

Permanent restoration
of a transparent,
renewing corneal

epithelium was
attained in 76.6% of
eyes. The failures
occurred within the
first year. Restored
eyes remained stable
over time, with up to

10 years of follow-up

(mean, 2.91+1.99;
median, 1.93).

Before Treatment After Treatment

—

Patient
22

Patient
26

"
Paﬁent?l?

46

P. Rama (G. Pellegrini) et al., NEJM 2010


Prezentator
Notatki do prezentacji
Corneal renewal and repair are mediated by stem cells of the limbus, the narrow
zone between the cornea and the bulbar conjunctiva. Ocular burns may destroy the
limbus, causing limbal stem-cell deficiency. We used autologous limbal stem cells cultivated on fibrin to treat 112 patients with
corneal damage, most of whom had burn-dependent limbal stem-cell deficiency. Permanent restoration of a transparent, renewing corneal epithelium was attained
in 76.6% of eyes. The failures occurred within the first year. Restored eyes remained
stable over time, with up to 10 years of follow-up (mean, 2.91±1.99; median, 1.93).


Embryonic vs adult in terms of cell therapy

adult S.C./
embryonic SC progenitor cells
otenc luripotent unipotent
P Y PIUHP multipotent
telomerase expression yes no
culturin easilv arown hard to obtain
d y9 large numbers of cells
t Il th rejection Nno rejection
stem ce erapy problem Problem if autologous
(but no in
case of
autologous ESc)




Embryonic stem cells in therapy of human diseases

Potential uses of

Stem cells

Stroke

Traumatic brain injury
Learning defects
Alzheimer's disease
Parkinson's disease

EBaldness
Blindness
Deafness

Amyotrophic lateral-

Missing teeth sclerosis

Wound healing

Myocardial
Bone marrow

infarction
transplantation Muscular
(currently established) dystrophy

Spinal cord injury Diabetes

Osteocarthritis

7 L Multiple sites:
Rheumatoid arthntus

Cancers

NEUROSCIENCE
TS T

First clinical trial based oh human embryonic stem cells — Geron corp -
ESC differentiated to astrocytes — for treatment of spinal cord
damage - halted recently



Important!

In therapy no one will use un-differentiated embryonic stem cells!

The ESC before application to human are differentiated to the
specific cell type

However, the risk of contamination with un-diiferentiated (not fully
differentiated) ESC exists

There is always a risk of rejection of transplanted cells due to genetic
differences with the host



Cloning

A term that is applied to genes, cells or organisms that are
totally derived from, and therefore identical to, a single
common ancestor gene, cell, or organism, respectively
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Prezentator
Notatki do prezentacji
So, there are different forms of cloning, some of them even natural. Is the natural cloning good?



Cloning

reproductive Therapeutic

(SCNT —
Somatic cell
nuclear transfer)



Producing primate embryonic stem cells
by somatic cell nuclear transfer
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Byrne JA et al. (Mitalipov), Nature 22 November 2007



Primate cloned stem cells

Remove unfertilized
oocyte's
nuclear material

Transfer

nuclear material
o oocyte

Blastocyst

L&37

Skin cells from
adult monkey

Figure 1| The technique of somatic-cell nuclear transfer (SCNT). In much
the same way as women undergoing, in vitro fertilization procedures are
treated to make them super-ovulate, Byrne et al.” treated female rhesus
monkeys with hormones to induce the shedding of extra eggs. After
recovering these cells, the authors removed the cells’ nuclear genetic
material. Meanwhile, they obtained skin cells from an adult male

monlkey, allowed these to multiply in culture, and then treated them

Blood stem
cells

o

Pancreatic
' cells

Differentiation @ @

Heart muscle

Liver cells cells

==

Embryonic
stem-cell lines

Meurons

to halt their progress through the cell cycle once they had entered the
resting phase known as G0. Next, the authors extracted the nuclear
genetic material from the skin cells and introduced it by electric pulses
into the nucleus-free eggs. The fused cells were allowed to reach the
blastocyst stage of embryonic development before embryonic stem cells
were derived from them. Such cells have the potential to differentiate
into different cell types.

485

Wilmut & Taylor, Nature, 22 Nov 2007



Therapeutic cloning & gene therapy
— effective in future?

' i E
Correct gene Genetically repaired gg
l‘ Cells

RS 55552 ’
/ Skin cells |

Nuclear transfer l

patient _ _
Genetically modifed cells

Eg. neurons

Eg. Potentially for treatment of Lesh-Nyhan syndrome


Prezentator
Notatki do prezentacji
Therapeutic cloning can be good and it is considered as a way to obtain patient-specific stem cells. 
Despite enormous regenerative potential the application of embryonic stem cells for therapeutic purposes has several challeneges, such as the risk of development of teratoma. This has to be solved in further studies exploring the potentials of those cells. However, for some not only therapeutic application, but even the work on human ESCs is unacceptable due to ethical dillemmas. Although those dillemas are mostly the problems of societies influenced too much by one sort of religious thinking, the problems exist and therefore researchers are searching for the alternatives. The way is to improve the differentiation potential  of adult stem cells. The recent discovery of the so called very small embryonic-like progenitor cells (VSELs), found in the bone marrow of mice by Prof.. Mariusz Ratajczak and his co-workers is one alternative. The other is even more challenging, let’s say more revolutionary – to force the adult cells to de-differntiate into the embryonic like cells. Such achievement have been done in 2006  for mice and in the end of 2007 for human cells. 




Difficulties in generation of human cloned embryonic stem cells

South Koreans clone human embryo

In a sciantific first, reseanchars in South Korea successfully cloned
a hurran embyro. Stam cells, the human body's building blocks,
were culled from it — an important step in eventually growing
patierts’ own replacement tissua.

Just the first step

it will b years before the technigue & perfacted and usad in peopla.
From .. they cloned ... to harvest ...
242 donor eggs 30 blastocysts 1 stem cell line

Cell swap

The method used by the ressarchers — nuckear transfer — has
been succassful in cloning sheep and other animals.

A needls is Acumuus call, aremnant  Added chamicals
used 1o fromthe ovary, isinsarted  and other growth
puncturs the irto the emptied eqg. This  factors fool the
wallof a mature el is meant to provide e into dividing,
egg and suction genetic materal for the  as if it had besan
out its genetic  developing egg — andthea fertilized by a
material, resulting stam calls. Sparm.

)

Cell division results in a blastocyst, a hollow Ball of about 100 cells
containing stem calls.

FOURCES: Sclanlilc Amarkcan; Asscdald Press ap

Scientific fraud...

Woo Suk Hwang

y

The announcement finally
confirms the gravest
suspicions of Hwang's work
with humans. There are two
papers in which Hwang's
group claimed to clone
human cells - a 2004 article
that describes the first cloned
embryo and derivation of a
stem-cell line from it (W. S.
Hwang et al. Science 303,
1669-1674; 2004), and a
2005 article that claims the
establishment of eleven
'patient-specific' stem-cell
lines (W. S. Hwang et al.
Science 308, 1777-1783;
2005). Both have turned out
to be complete and
deliberate fakes.



Recently human ESC by SCNT have been obtained

Human = __::_
fibroblast f’
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Human A x i
B .-' __.-"'
iploi pocyte TRe——= 6-1 ﬂ-cel
Diploid o
nucleus
Haploid Blastocyst
b nucleus
% ﬂ-
Triploid
cell

G.O. Daley, Nature, 6th October 2011

Triploid human ESCs have been recently obtained by S. Noggle et al. (D. Egli)
— Nature, 6th October 2011


Prezentator
Notatki do prezentacji
Uzyskiwanie ludzkich ESC droga klonowania terapeutycznego budzi jeszcze większe wątpliwości etyczne wśród niektórych badaczy i społeczeństw aniżeli samo wykorzystanie komórek zarodkowych pochodzących z nadliczbowych zarodków uzyskanych w wyniku zapłodeniania in vitro (bądź, co rzadziej, uzyskiwanych wyłącznie do celów badawczych). Oczywiste jest jednak, że za wyjątkiem niektórych żadnych wątpliwej sławy badaczy czy sekt żaden rozsądny lekarz ani naukowiec nie będzie prowadził badań zmierzających do uzyskania ludzi drogą klonowania. 


Human ESC - ethical and practical problems

1. Classic ESC are geneticall different from the host

2. Side effects - teratocarcinoma formation

3. ESC are obtained from the surpluss embryos generated by in vitro
fertilisation (for reproductive purposes)

(in vitro fertiliation for research pursposes only is forbidden in most
countries)

4. Ethical problems for belivers that human entity starts from the conception



Is the other way possible???

Human Dermal Fibroblasts Stem Cell



Induced pluripotent stem cells
indukowane pluripotencjalne komorki macierzyste (iPS)

Shinya Yamanaka
2006
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Induced pluripotent stem cells

Somatic Cell

B

Oct-4, Myec,
Sox-2, Kif4

4. Genetic

Reprogramimng
Inducible

Shinya Yamanaka - Pluripotent SC

2006 (iPS)




Mouse fibroblasts reprogrammed to iPSCs

Mouse iPS obtained
after OSKM gene transfer to fibroblasts

Positive for alkaline phosphatase



Transcription-factor induced pluripotency

Induced pluripotent stem cells (iPS)

Yamanaka et al. 2006
P COMPARATIVE ANALY SIS
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Human adult Human induced Human embryonic
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Zaehres & Scholler, Cell 2008

Differentiation into ecto, endo and

mesoderm



Different groups demonstrated
the possibility of reprogramming
human somatic cells

1. Takahasi et al. (S. Yamanaka) - Cell, Nov 20, 2007
Four factors: Oct3/4, Sox2, Klf4, c-Myc

2. Yu et al., (JA Thomson) Science, Dec 21, 2007
four factors: Oct4, Sox2, Nanog, Lin28

3. Park H-1 et al. (GQ Daley), Nature Dec, 2007
four factors: Oct4. Sox2, Kif4, c-Myc

three factors sufficient: Oct4, Sox 2 and either Myc or Klf4
(the latter two enhance the efficiency of colony formation)

4. Nakagawa M et al. (S. Yamanaka) — Nature Biotechnology, Dec 2007
three factors sufficient; Oct3/4, Sox2, Klif4

Incidence of tumor-associated deaths in chimeras derived from IPS
cells was significantly reduced



IPS cells are really pluripotent

1. Fullfill the test of tetraploid blastocyste complementation —
make chimeras and contribute to the germline formation
(of course, this was not tested for human IPSCs)

2. Form teratocarcionams when injected undifferentiated into the
Immunodeficient animals

3. Differentiate into the endoderm, ectoderm and mesoderm



Problems with application of iPS cells in human transplantation

« Use of viral vectors (ectopic transgene expression)
« Integration of vectors with genome (mutagenesis)
« Teratoma formation (unlimited differentiation)



Other reprogramming methods — other vectors

d Retroviral or lentiviral transduction
Octd oy Genomic integration
ST eMye
. .}r Tumors in chimeric animals
Tk \) L due to ectopic expression of
S":”@ Kif4 > > (o proviral transgenes
f__:}-, 1} Eibroblast ps ey efinatal death of hepatocyte-
: and ather cell types derived iPS chimera
b Adenoviral transduction

Octd
Mo genomic integration

f : c- I"-.-13-'E
Sox2 Iv{lf4 —} @ —‘p Mo tumors in chimeric animals
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Hepatocyte
C Plasmid transfection
# Octd
Kif4 2 2
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il SOX2 No genomic integration
u“u. " * ,ﬁ. O g g
i 1
5 -]
c-Mye < 3 Embryonic iPS cell
= K\ flrmbklast

Also: Sendai virus, delivery of RNA, microRNAs



Table 1 | Methods for reprogramming somatic cells to iP5 cells

Wactor byps Cell types Factors® Efficiency (F5) Advartages Dizadvantagss
Retroviral %% Fibroblasts, neural stem OSKM, 05K, ~0.001-1 Reasonably efficient Genomic integration,
cells, stomach cells, OSK +VPA or incomplete proviral silencing
Iver cells, keratinocytes, 05 +WPA and slow kinetics
amnictic cells, blood cells
and adipose cells
integrating Lentiviral'®%3*%5  Fibroblasts and OSKEM or ~0.1-1.1 Reascnably efficient and Genomic integration and
keratinocytes miR302/367 tranaduces dividing and non- incermplete proviral silencing
cluster+ VPA dividing cells
Inducible Fibroblasts, p cells, QOSKM or ~0.1-2 Reascnably efficient and allows  Genemic integration and
lervtiviral=<S keratinocytes blood cells  OSKMM controlled expression of factors  requirement for transactivator
and melanccyies exprassion
Transposon® Fibroblasts QOSKM ~0.1 Reascnably efficient and no Labourintensive screening of
genoemic integraticn excised lines
Excisable [oxP-flanked Fibroblasts 0SK, ~0.1-1 Reascnably efficient and no Labour-intensive screening of
lentiviral® genomic integraticn excised lines, and loxP sites
retained in the genoms
Adenoviral %5 Fibroblasts and liver cells OSKM ~0.001 Mo genomic integration Low efficiency
Man-
integrating  Plasmid®! Fibroklasts OSML ~0.001 only eccasional genomic Low efficiency and cccasional
integration vector genomic integration
Sendai virus™ Fibroblasts OSKEM ~1 Mo genomic integration Sequence-sensitive RMNA
replicase, and difficulty in
purging cells of replicating
virus
Protein®® =+ Fibroblasts 0s ~01.001 Mo genomic integration, Low efficiency, short hali-life,
direct delivery of transcription  and require ment for large
factors and no DMNA-related quantities of pure proteins and
complications multiple applications of protein
Maodified mRMA®  Fibroblasts OSKM or ~1-44 Mo genomic integration, Requirement for multiples
DMA frae OSKEML +VPA bypasses innate rounds of transfection
antiviral response, faster
reprogramming kinetics,
controllable and high efficiency
MicroRMNA™ Adipose stromal czlls and  miR-200c, ~0.1 Efficient, faster reprogramming  Lower efficiency than other
dermal fibroblasts miR-302s or kinetics than commonly used  commonly used methods
miR-359s lentiviral or retroviral vectors,

no exogenous transcription
factors and no risk of
integration

*05KEM and slmilar factor names represent combinations of reprogramm ing factors: K, KLF4; L, LUM28; M, c-MYC; N, NANCG; O, OCT4; 5, 5002; and VPR, valproke ackd.

Robinton & Daley , Nature 19th January 2012



Review. 1PS cells: opportunities and challenges K. Okita & S. Yamanaka 2199

Table 1. iPS induction methods in human fibroblasts.

reprogramming efficiency

vpe of vector method genomic integration factors® in human fibroblasts © reference

Virus retrovirus + OSKM ++++ [13]
lentivirus - OSNL +++ [14]
adenovirus - OSKM + [19]
Sendai virus -b OSKM ++++ [20]

DNA episomal plasmid -3 OSKMNLT - [24]
transposon = e OSKM e [21,22]
minicircle -1 OSNL - [23]

RNA RNA - OSKM +++ [25]

protein cell transparent - OSKM + [26]

protein

"Absence of genomic integration should be experimentally examined.
PAbsence of virus RNA genome should be experimentally examined.
“Transposon vector is integrated into genome, but it can be removed.

40, OCT3/4; 8, SOX2; K, KLF4; M, C-MYC; N, NANOG; L, LIN28; T, SV40-large T antigen.

“+, <0.001%; ++, <0.01%; +++, <0.1%; ++++, =0.1%.



Different cells types can be used for reprogramming

Starting cell types

4 N
T cells Keratinocytes
Fibroblasts

Adipose stem cells
Mesenchymal stem cells
Dental pulp stem cells

Cord blood cells

Availability

Hepatocytes
Amniotic fluid cells

Germline stem cells
Meural stem cells

Ease of reprogrammin
\_ pProg g _/,l

Gonzalez et al., Nature Reviws Genetics 20011



Pathways affected by reprogramming

Factors
_“'\II
To express/overexpress To repress
Important for embryonic Apoptosis, cell cycle
development: and senescence:
OCT4,S0X2, NANOG, UTF1,  pl6'™**4% p53%
LINZ8, SALL4, NR5AZ, TBX3, microRNA, p21
ESSREB, DPFPA4 | _
Epigenetic regulators:
Proliferation and cell cycle: histone deacetylase,
MY C*, KLF4*, SV40LT?, histone demethylase,
REM2Z, MDM2*, cyclin D1* (G9a, DNMT1*
Epigenetic regulators: Signalling pathways:
CHD1, PRCZ TGFB, WNT, ERK-MAPK
Others: *Potential oncogene
vitamin C, hypoxia, *Potential tumour
.\E—cadherin, miR-294, TERT* suppressor gene )

Gonzalez et al., Nature Reviws Genetics 20011



Methods of reprogramming

Delivery modes

Gonzalez et al., Nature Reviws Genetics 20011



Reprogramming with small chemicals

-Valproic acid (VPA) — histone deacetylase inhibitor
-5-azacytidine - DNA methyltransferase inhibtor
-BI1X-01294 (BIX) — G9a histone methylase inhibitor
-BayK8644 (BayK) — L-channel calcium agonist

Those compounds are used together with transfer of some genes
(Oct4, KIf4 are usually necessary)



IPS — long term application and challenges

Regenerative medicine

1. Overcoming two important obstacles:
a) immune rejection after transplantation
b) ethical concerns regarding the use of human embryos

2. New obstacles with iIPS

a) teratoma formation

b) aberrant reprogramming

c) impaired differentiation of iPS into the required cell type
d) presence of transgene in iPS



Applications of IPS

. Regenerative medicine — iPS as medicines
problems to solve: tumors risk — due to transgene integration
- due to persistence of undifferentiated cells

In vitro applications — testing of medicines
development of disease models

Drug screening

Toxicology

The second applications are around the corner...


Prezentator
Notatki do prezentacji
I will be not discussing the potential of iSC as medicines, i.e. the iSC application in regenerative medicine. Rather, I will concentrate on the more immediate and more realistic application of this technology, which is in „testing of medicines”. This aspect has not been addressed at all in the IMI Strategic Research Agenda. In fact, the applicastion of emrboonic stem cellss have not been considered. The reason was probably the most obvious, as there is a resistance in Europe against the applicastion of hECS. Nevertheless, in 7FP, the part of which is IMI, the studies on hESC are allowed, therefore the decision not to consider those cells in drug development is not clear. Meanwhile, since 2006 an enormous progress in this field has been achieved. In 2006 Yamanaka has demonstrated that reprograming of somatic cells is feasible and can be attained only by overexpression of four genes: oct4, Sox2, Kl4 and c-myc. A year later this scientist and Thomson’s group from US have demonstaretd that the same strategy can reprogramme human firboblasts. Since then, in the 2 years, an enormous progress has been made and the society is rushing for the new approchaes to improve the iPS technology. 


Potential Applications of iPS cells

Regeneratwe Neural cells Cardiac cells  Hepatocytes Pancreatic
medicine p-cells

l

[Toxicology, disease model, J

drug screening

Shinya Yamanaka’ csli 137, April 3, 2009



IPS-based gene therapy

Sickle cell anemia

»Caused by a point mutation in the
B-globin chain of hemoglobin -
hydrophilic glutamic acid is replaced
with the hydrophobic valine at the
sixth position.

»Under low-oxygen conditions the
absence of a polar amino acid at
position six of the B-globin chain
promotes the non-covalent
polymerisation (aggregation) of
haemoglobin, which distorts red
blood cells into a sickle shape and
decreases their elasticity




Mice models of sickle cell anemia

A humanized knock-in-mice: mouse a-globin genes replaced with human
a-globin
mouse B-globin genes replaced with human Ay and BS (sickle)
globin genes

-Remain viable for up to 18 months but develop typical disease symptoms:
- severe anemia
- splenic infarcts
urine concentration defects
- overall poor health

IPS cells were electroporated with a targeting construct containing the
human p» wild type globin gene

- About 70% of the peripheral blood in the treated hbS/hbS mice
were derived from the iPS cells — thus more than was observed
in heterozygous hbA/hbS



IPS cells-based gene therapy

(7)
Transplant corrected
hematopostic progenitors
badk into imadiated mice

(6]
Ae;:aie into _ Humanized sickle cell
Hematopoetic progenitors  anemia mouse model

1. Reprogramming of mutant donor
fibroblasts into iPS cells

2. Repair of the genetic defect
through homologous

(hpShES) (1) - hor
Harvest tail recombination
(5) tip fibroblasts
Differentiate into ———1 3. In vitro differentiation of the
embryoid bodies S — . : _ :
o hRSHRS repaired iPS cells into HPs
_— fibroblasts
= = e
@) - -
A
iF-l'E ﬂig Correct f sickle Irﬁegjwith 4. Transplanting the_se cells into
+ mutation in iPS cells Octd. Sox. Klid affected donor mice after
by specific gene targeting and loxP c-Myc irradiation
__g__.‘ (3) viruses
FBSIHgS ===
iPS cells —
hESMES mouse derived

Hanna et al. (Jaenisch) Science, 21 Dec, 2007


Prezentator
Notatki do prezentacji
Ectopic expression of homeodomain protein HoxB4 in differentiating ES has been shown to confer engraftment potential on in vitro –derived hematopoietic cells from ES cells grown in hematopoietic cytokines on the OP9 bone marrow stroma cell line, wich has been shown to support hematopoietic differentiation


Future therapeutic applications of IPS cells in humans

Necessity to overcome several obstacles:

1. Bypassing the use of harmful oncogenes as part of the reprogramming
factor

2. Avoiding the use for gene delivery of retroviral vectors that carry the
risk of insertional mutagenesis

3. Developing robust and reliable differentiation protocols for human
IPS cells


Prezentator
Notatki do prezentacji
The enthusiasms connected with the recent discoveries is understable. However, if iPS or embryonic stem cells obtained by somatic nuclear transfer will  find the therapeutic application in the future, it will be also important to remember, that the full potential of such cells will be very much dependent on the genetic background of the donor of the nuclei or cells which have been reprogrammed. At the moment we know that the functions of progenitor cells can be very much affected by numerous conditions. The research on that aspects are particularly abundant in cardiovascular diseases. 


Challenges with adult progenitor cell therapy
(may also hinder the
effectiveness of IPS-based treatment)

1. Age
2. Underlying diseases: diabetes, hypertension.
3. Smoking

4. Genetic background: polymorphism of some genes may influence
the effectiveness of application of cell therapy



Medical applications of IPS cells

Ly )/ W
Ly W
& a &;\ g ndhe S
& . Patient M
Disease-specific drugs cMYC  OCT4 e 4

|
Ij
iy Transplantation of genetically
Treatment |
with .;Vv I"«]'.| ||| |'5“ matched healthy cells
[l
Ll

o0 Healthy cells

Screening for gﬁgzmm

therapeutic /f____ ,,\ In vitro

compounds &L’( @"P differentiation
| &\_ Skin biopsy , G2

Affected cell type Repaired iP5 cells
i Use gene targeting to repair
In witro chl G&:‘@{ “«.\ disease-causing mutation
differentiation ﬁ ﬂﬁ_%

e

Patient-specific iPS cells

Robinton & Daley , Nature 19th January 2012



Induced pluripotents stem cells (IPS)

Ethical issues

1. Reprogrammable cells can form viable chimeras and contribute
to the germline when injected into blastocysts

Humans might be able to pass on their genes (or genetically modified
genes) to future generations from just a few cells



The magic act of nuclear reprogramming

' Development

;Djseuse Models |
Drug Screens | Th4

iPSC

| Directed
Cell Therapy | Differentiation

Tissue and

- Organ b .
. Regeneration |

Figure 1. The "magic act”™ of nuclear reprogramming. A toolbox full of tricks is now available for scientists to achieve reprogramming of
somatic cells to generate normal and disease-specific iPSC, which will open new avenues of research in human disease modeling, drug discovery

and therapy. Abbreviations: iPSC, induced pluripotent stem cell; OKSM, Oct3/4, Kif4, Sox2, and cMyc.

Mostoslavsky G, Stem Cells 2012



Summary — gene transfer in stem cells for therapeutic purposes

A Gene Directed
. Correction differentation
v[\)f::':rr: of = D) s FETH - » _KA;; o Therapeutic
a Se et Soss transplantation
i | ASC with Healthy Healthy
mutation ASC cells mature cells
B Nuclear transfer Blastocyst
to cocyte (SCNT) development
Donor &3 > D>
with . ) @ —
disease
Somatic cell . Blastocyst/ CE
with mutation with mutation
Gene Directed
Correction differentation

— R —— R ———
-y =Wy '\ // i
asfite ;:,‘;:.: °, M{HB E) Therapeutic

transplantation

ESC with Healthy Healthy
mutation ESC mature cells
C Reprogramming Gene Directed
to pluripotency Correction differentation
Donor ' R R C\F:%- —— T ;
with . 32283 » osiete osi3%e ﬂ({h‘ ) erapeutic
disease = @"” = transplantation
‘ Somatic cells iPS cells Healthy Healthy

with mutation with mutation iPS cells mature cells

Figure 2

Zuba-Surma, Jozkowicz, Dulak — Current Pharmaceutical Biotechnology 2011



Summary — gene transfer in stem cells for drug research purposes

A Genetic Directed
modification differentation
Healthy P / vy ‘ -Drug screening
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mutation with mutation  Specific patient
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Zuba-Surma, Jozkowicz, Dulak — Current Pharmaceutical Biotechnology 2011




Stem cells therapies

1. Approved and effective applications of autologous and allogeneic bone marrow
stem cells in treatment of leukemias, immunodeficiency diseases and some
metabolic diseases (eg. adrenoleukodystrophy)

2. Approved applications of skin stem/progenitor cells for treatment of burns and
other unhealing wounds

3. Clinical trials demonstrated the feasibility of stem cells applications (bone
marrow-derived) for treatment of myocardial infarction (eg. Tendera et al.,
Eur Heart J. 2009; 30:1313-21

- REGENT Trial ), but the clinical effects are so far minor and temporary.

4. Pre-clinical studies suggest the possibility of beneficial effects in
treatment of some other diseases, eg. the spinal cord injury with
neurons obtained from embryonic stem cells. On such a basis Geron
Corp. has obtained an FDA agreement to start first clinial

trial in human with embryonic stem cells-derived neurons



Are we ready for (commercial) application
of adult stem cell therapies ?

Hopes and hypes of regenerative medicine



Stem cell bussiness — Stem cells tourism

China cracks down on stem cell

tourism
00:01 04 September 2009 by Andy
Coghlan

But not only China....

Not only in ,,exotic” countries...

Warnings are being issued by
experts of the dangers of medical
tourism saying that unproven
stem cell therapy overseas could
leave patients worse off.



http://www.newscientist.com/search?rbauthors=Andy+Coghlan�
http://www.newscientist.com/search?rbauthors=Andy+Coghlan�

Facts and threats of commercialisation of stem cell therapies

1.Treatments offered on stem cells website are generally unsupported
by the clinical evidence

2. Numerous scientific questions remain unanswered and scientists
generally do not recommend these therapies for general access

3. Hypocrysy in discussions —
a) embryonic stem cells are bad (by defintion — becuase
unethical...), adult stem cells are good...
b) research on embryonic stem cells is unethical, but offering the
unproved treatment based on adult stem cells is good...

4. Creation the atmosphere suggesting the possibility of immediate
applications of stem cells therapy for treatment of chronic
diseases, such as neurological diseases, diabetes...



Hopes and hypes of regenerative medicine

Clinicians and patients have the right to undertake the risk
of experimental therapy but this can be only when the benefit
of patients, not economical profits are considered !

Therefore, in current stage of knowledge and development of
therapy there is no justification for the private enetrprises
offering commercialy the stem cells treatment.

Using adult stem cells does not make such a company
ethical... !

There is no justification for wide use and offering the stem cell
therapy for treatment of diseases outside specialised clinics
and beyond controlled clinical trials

Stem cell therapy is not teeth repair!



Hope, hypes and cheating

Selected Companies and Clinics Offering Stem Cell Therapies

Company Location
PATIENTS' OWM CELLS
CellsdHealth Leuvenheim,
the Netherlands
MeuraVita Moscow, Russia
EmCell Kiev, Ukraing
Medra Malibu, U.5.A.
Beijing Xishan Institute for  Beijing, China

Neuroregeneration and
Functional Recovery

Institute for Regenerative 5t. John, Barbados

Medicing
UMBILICAL CORD BLOOD CELLS
Biomark Atlanta, U.5.A.

Advanced Cell Therapeutics  Zurich, Switzerland

Rotterdam,
the Netherlands

Preventive Medicine Center

Conditions

Myocardial infarction, vascular disease,
spinal cord injury, stroke

Neurclogical diseases and injuries

More than 50, including neurological disorders,
aging, impotence, diabetes, cancer, HIV

More than 20, including neurological disorders,
depression, autism, sickle cell anemia

Spinal cord injury, ALS, and other neurological
conditions

More than 40

ALS, Parkinson's, muscular dystrophy,
and others
More than 80

More than 50, including neurological, digestive,
and psychological disorders and aging

Patients treated

NA

NA

Almost 2000

in 13 years
More than 1000

More than 1000
since 2001

More than 50
since 2004

At least 23

in 2003

More than 600
in 4 years

Mare than 200
in 2 years

Cost (5)

+25,000

~20,000

+15,000

A

20,000

25,000

10,000 to
32,000
25,000

23,000

Remarks

Treatment takes place at clinics
in Turkey and Azerbaijan

Procedures performed in
Dominican Republic
Thousands more on
waiting list

Treatment based on research
in the former Soviet Union

Mo longer operative;

founders wanted by FEI
Treatments performed at

12 collaborating clinics
worldwide

Also treats patients referred by
Advanced Cell Therapeutics

SOURCE: COMPANY AN D CLINIKC 'WEB SITES, INFORMATION PACKAGES, INTERVIEWS, ALSTDF, BIOMARK CRIMIMAL INDICTMENT. NA=INFORMATION NOT AVRILABLE.

Be aware of dishonest peoplel!



Future of stem cell therapy
1. The highest differentiation potential have embryonic stem cells

2. Nuclear transfer may allow to generate patient-specific embryonic
stem cells

3. Therapeutic applications of ESCs is at the moment limited by risk
of side effects (teratoma formation) and ethical consideration

4. Patient-specific, induced pluripotent stem cells can be obtained by
reprogramming of adult somatic cells by transfer of 3-4 key genes.
In future, reprogramming could be achieved by culture conditions

5. Therapeutic potential of iPS — in combination with gene therapy —

has been demonstrated in mice model of heamophilia; as well
as some other disease

6. Adult progenitor cells (eg. bone marrow derived) remain the major
target of therapeutic approaches

7. Effective applications of adult progenitor cells may require

overexpression of certain crucial genes, eg. involved in anti-oxidant
defence and angiogenesis


Prezentator
Notatki do prezentacji
This are those brief summaries which I wanted to share with you today. I believe that various applications of stem cell technology will become the major parts of medical biotechnology in 21st century. The possibilitied which are opened are enormous and one may consider extremely large applications of the technologies demosntrated shortly here. Our experiments, which  were demonstrated here 


Qur Interests

Bone marrow derived stem cells

1. Hematopoietic stem cells
2. Mesenchymal stem cells

3. Progenitor cells — eqg. endothelial progenitor cells

4. Very small embryonic-like stem cells (VSEL) —

Tissue stem/progenitor cells_

1. Skin stem cells/skin progenitor cells

2. Satellite cells

Induced pluripotent stem cells_




Exam — 30th January (Monday) —1 pm — room D107

Multiple choice test

Please fill the course assessment at the USOS website ....
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