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WHAT ISASTEM CELL?

A cell that can undergo self-renewing (expanding) proliferation
and give rise to specialized differentiated cells
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3 CONCEPTUAL CATEGORIES

Embryonic
Found In blastocyst stage embryos, can generate all tissues
of the body

Somatic
Found in fully-formed organs, can generate multiple cell
types characteristic of organ of origin.

Tumor
Found in tumors, can reconstitute new tumors of same type,
presumed source of metastases, controversial



THE CONCEPT OF STEM CELL POTENCY

Totipotent fertilized egg

(entire body) first few blastomeres
Pluripotent embryonic stem cells
(most - all cell types) embryonic germ cells

embryonal carcinoma cells

Multipotent somatic stem cells
(several cell types)
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3 CONCEPTUAL CATEGORIES

B» Embryonic
Found In blastocyst stage embryos, can generate all tissues
of the body

Somatic
Found in fully-formed organs, can generate multiple cell
types characteristic of organ of origin.

Tumor
Found in tumors, can reconstitute new tumors of same type,
presumed source of metastases, controversial



HISTORICAL PERSPECTIVE

Fertilized egg + first few blastomeres are totipotent
Separated blastomere experiments of Driesch 1892

Embryonic stem cells first isolated from mouse blastocysts by Martin and
Evans & Kaufman 1981

“inner cell mass”

established as expandable cell lines, are pluripotent

allowed for the generation of transgenic mice

Embryonic stem cells first isolated from human blastocysts by
Thomson et al, Gearhart et al 1998
Established as expandable cell lines (first USA, now many countries

Including Sweden)
Requires use of human blastocysts, obtained in connection with in vitro
fertilization for couples with fertility problems
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Fig. 1-11. Cleavage and transport down the oviduct. Fertilization occurs in the
ampulla of the oviduct. During the first five days, the zygote undergoes cleavage as it
travels down the oviduct and enters the uterus. On day 5, the blastocyst hatches from
the zona pellucida and is then able to implant in the uterine endometrium. (From
Boatman DE. 1987. In vitro growth of non-human primate pre- and peri-
implantation embryos. p 273. In Bavister BD (ed): The Mammalian Preimplanta-
tion Embryo. Plenum, NY, with permission. Photos courtesy of Drs. Barry Bavister
and D.E. Boatman.)

fra Larsen, 1. utg.
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FIGURE 3-1 Drawings of early cleavage stages in human embryos, The drawings of the 58- and |07-cell stages represent
sections made through the embryos.

fra Carlson, 3. utg.



1. Hormonal
stimulation

of egg
maturation
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of eggs by
laparoscopy

3. Collection
of sperm sample
and concentration
of most active
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of up to three
embryos

0 5. Early cleavage in vitro

6. Extra embryos frozen

FIGURE 2-7 Schematic representation of a typical in vitro fertilization and embryo transfer procedure in humans.

In vitro fertilization — typical procedure

fra Carlson, 3. utg.
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FIGURE 2-9 A, Photomicrograph of a mature human oocyte arrested at metaphase II. This oocyte will be fertilized in vitro,

B, Photomicrograph of a human cocyte newly fertilized in vitro. Two pronuclei are visible. (From Veeck LL: Atlas of the human
oocyte and earfy conceptus, vol 2, Baltimore, 1991, Williams & Wilkins.)

FIGURE 3-2 Photomicrographs of cleavage stages of human eggs fertilized in vitro. A, Two blastomeres 39 hours after fertil-
ization. A polar body is seen to the right of the boundary between the blastomeres. B, Four blastomeres 42 hours after fertil-
ization. €, Eight blastomeres 49 hours after fertilization. D, Hatching blastocyst 123 hours after fertilization. The empty zona
pellucida is on the left. In A to €, numerous spermatozoa can be seen clinging to the zona pellucida. (From Vieeck LL: Atlas of the
hurnan oacyte and early conceptus, vol 2, Baltimore, 1991, Williams & Wilkins.) fra Carlson, 3. utg.



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

Human blastocyst-derived, pluripotent cell lines are described that have normal
karyotypes, express high levels of telomerase activity, and express cell surface
markers that characterize primate embryonic stem cells but do not characterize
other early lineages. After undifferentiated proliferation in vitro for 4 to 5
months, these cells still maintained the developmental potential to form tro-
phoblast and derivatives of all three embryonic germ layers, including gut
epithelium (endoderm); cartilage, bone, smooth muscle, and striated muscle
(mesoderm); and neural epithelium, embryonic ganglia, and stratified squamous
epithelium (ectoderm). These cell lines should be useful in human develop-
mental biology, drug discovery, and transplantation medicine.

www .sciencemag.org SCIENCE WVOL £82 6 NOVEMBER 1998



THE CONCEPT OF STEM CELL POTENCY

Totipotent fertilized egg

(entire body) first few blastomeres
Pluripotent embryonic stem cells
(most - all cell types) embryonic germ cells

embryonal carcinoma cells

Multipotent somatic stem cells
(several cell types)



Fertilization

Figure 1 Origin of human pluripotent stem cells.
Embryonic stem (ES) cells are derived from the
inner cell mass of the pre-implantation embryo.
Embryonic germ (EG) cells are derived from
primordial germ cells (PGCs) isolated from the
embryonic gonad. Embryonal carcinoma (EC) cells
are derived from PGCs in the ermbryonic gonad but
usually are detected as components oftesticular
tumours in the adult. All of the three pluripotent
stem cell types are usually derived by culture on
layers of mitotically inactive fibroblasts, termed
feeder layers.
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Embryonic stem cells: example of a potential use

Embryonic stem cells develop into functional
dopaminergic neurons after transplantation
in a Parkinson rat model

Lars M. Bjorklund*'#, Rosario Sanchez-Pernaute*'s, Sangmi Chung*", Therese Andersson*"l, Iris Yin Ching Chens,
Kevin St. P. McNaught**, Anna-Liisa Brownell*$, Bruce G. JenkinsS, Claes Wahlestedt!, Kwang-Soo Kim*7,

and Ole Isacson*1¥#¥*

*Udall Parkinson's Disease Research Center of Excellence, "Neuroregeneration Laboratories, and "Molecular Neurobiology Laboratory,
McLean Hospital/Harvard Medical School, 115 Mill Street, Belmont, MA 02478; Departments of SRadiology and **Neurology,
Massachusetts General Hospital and Program in Neuroscience, Harvard Medical School, Boston, MA 02114; and

IKarolinska Institute, SE-17177 Stockholm, Sweden

Edited by Gerald D. Fischbach, Columbia University College of Physicians and Suraeons. New York. NY. and anoroved November 29. 2001

(received for review August 20, 2001)
2344-2349 | PNAS | February 19,2002 | vol.99

Efficient production of mesencephalic dopamine
neurons by Lmx1a expression in embryonic stem cells

Stina Friling®', Elisabet Andersson®’, Lachlan H. Thompson®, Marie E. Jonsson®, Josephine B. Hebsgaard®,
Evanthia Nanou9, Zhanna Alekseenko®, Ulrika Marklund®, Susanna Kjellander?, Nikolaos Volakakis?, Outi Hovatta®,

Abdeljabbar El Manira®, Anders Bjorklund®, Thomas Perlmann®t2, and Johan Ericson®?

The Ludwig Institute for Cancer Research and "Departments of Cell and Molecular Biology, "Meuroscience, and "Biosciences and Nutrition, Karolinska
Imstitutet, 17177 Stockholm, Sweden; and “Wallenberg Neuroscience Center, Lund University, 221 84 Lund, Sweden

Communicated by Thomas M. Jessell, Columbia University College of Physicians and Surgeons, Mew York, NY, March 13, 2009
[received for review Decernber 10, 2008)

no. 4

PNAS | May5,2009 | vol. 106 | no.18 | 7613-7618



TH/IDAT/AADC

Fig.1. Immunohistochemical staining of agraft 16 weeks after implantation of
a low concentration (1,000-2,000 cells per ul) of D3 ES cells into adult 6-OHDA
lesioned striatum. Numerous TH-positive neurons were found within the graft (A
and B, green). All TH-positive profiles coexpressed the neuronal marker NeuN (A,
red). TH (B) also was coexpressed with DAT (C, red) and AADC (D, blue), demon-
strated by white triple labeling (E). (Scale bars: A, 150 wm; B-D, 50 um; E, 25 um.)

Bjarklund et al (2002) PNAS 99:2344-2349
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Fig.5. Lmx1a promotes mesDANES neurons in differ-
entiating hESCs. hESC-derived neuroepithelial progen-
itors were infected with lentiviral (L) vectors carrying
Lmx1a or eGFP and analyzed at day 30 to 40 pt. (A) In
L-Lmx1a-infected cultures, >50% of TuJ1™ neurons
co-expressed TH at d 30 pt, compared with 25% in
L-eGFP-infected cultures. Most TH* neurons co-
expressed mesDA markers, e.g., Lmx1b, Pitx3, Nurr1,
and DAT, whereas markers for 5-HT neurons were
suppressed. Few TH™ neurons derived from L-eGFP-
infected cells co-expressed mesDA markers. (B) Differ-
entiation scheme. (C) Quantification of marker expres-
sion. Error bars indicate SD, n = 4.

Friling et al (2009) PNAS 106:7613-7618



Embryonic stem cells: example of a potential use

4694 « The Journal of Neuroscience, May 11, 2005 - 25(19):4694 - 4705

Development/Plasticity/Repair

Human Embryonic Stem Cell-Derived Oligodendrocyte
Progenitor Cell Transplants Remyelinate and Restore
Locomotion after Spinal Cord Injury

Hans S. Keirstead,' Gabriel Nistor,' Giovanna Bernal,'! Minodora Totoiu,' Frank Cloutier,! Kelly Sharp,' and

Oswald Steward!%3

Departments of 'Anatomy and Neurobiology, 2Neurobiology and Behavior, and *Neurosurgery, Reeve-Irvine Research Center, College of Medicine,
University of California at Irvine, Irvine, California 92697-4292
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Figure 1. Commitment of hESCs to oligndendrocyte progenitors. @, Undifferentiated hESCs
readily expandin colonies, separated by stromal cells. b, Yellow spheres appeared within 5 d of
exposure to RA and grew rapidly in the presence of GRM, evidenced by an increase in their size
and proportion relative to other culture components. ¢, A total of 83 == 7% of cells expressed the
transcription factor Olig1 (red) associated with oligodendrocyte and motoneuron specification.
d, Atotal of 72 = 12% of cells expressed the DNA binding protein 50X10 (red) expressed within
oligodendrocyte precursors. e, More than 95% of cells labeled with the mature oligodendroglial
marker RIP (red). Cells that did not label with oligodendroglial markers were primarily GFAP
positive or Tuj1 positive. £, g, Plated cells adopted a typical oligodendroglial morphology char-
acterized by multiple branches. h, Quantitation of immunolabeling. Error bars illustrate SD.
Magnification: @, 50X; ¢, d, 100<; e, f, 200¢; b, g, 400 X

Figure 2.  Acute transplantation of hESC-derived OPCs resulted in cell survival, limited redistribution from the site of implan-
tation, and differentiation to mature oligodendrocytes. a, Anti-human nuclei-positive OPCs (arrows) double labeled with the
mature oligodendrocyte marker APC-CC1 (arrows; b); a composite isshown in ¢. d, Anti-human nuclei-positive, APC-CC1-positive
doublelabeling was confirmed using 3-D reconstruction of confocally scanned thin-plane images. e, Distribution of total numbers
of BrdU-prelabeled cells within spinal cord transverse sections 2 months after transplantation at 7 d after SCI. Error bars illustrate
SD. f, Anti-human nuclei-immunostained transverse section T mm caudal to the site of implantation showing transplanted cells
(black dots) located primarily within the gray matter but also redistributed throughout the white matter. g, Anti-human nuclei-
immunostained transverse section 6 mm cranial to the site of implantation, showing transplanted cells (black dots) located
primarily within the dorsal column. Magnification: a—¢, 400:<; d, 2000 ; f, g, 20 X.

Keirstead et al (2005) J Neurosci 25:4694-

4705
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Figure 4.  Acute transplantation of hESC-derived OPCs resulted in a significant increase in the density of oligodendrocyte
remyelination compared with controls. @, Electron micrograph of the transplant environment at 7 d after injury, illustrating
demyelinated axons (*) in an extracellular environment free of astrogliosis. b, Toluidine blue-stained transverse section and
electron micrograph (¢}, illustrating robust oligodendrocyte remyelination (R; with characteristically thin myelin sheaths) among
few normally myelinated axons (N). d, e, Anti-GFP and anti-neurofilament double immunostains illustrating highly branched
GFP-positive OPCs {0) extending processes that ensheath nearby neurofilament-positive axons (arrows), confirming that remy-
elination was performed by eGFP-labeled transplanted cells. f, Quantification of normally myelinated, demyelinated, and oligo-
dendrocyte or Schwann cell-remyelinated axons in hESC-derived OPC-transplanted, hFb-transplanted, and DMEM-injected ani-
mals. Error barsillustrate SD. The myelin sheath thickness for each class of axonsis indicated in brackets. Magnification: @, 6000¢;
b, 400¢;¢,3000<;d, 600<; e, 1000<.

Keirstead et al (2005) J Neurosci 25:4694-
4705



3 CONCEPTUAL CATEGORIES

Embryonic

Found In blastocyst stage embryos, can generate all tissues
of the body

B» Somatic

Found in fully-formed organs, can generate multiple cell
types characteristic of organ of origin.

Tumor
Found in tumors, can reconstitute new tumors of same type,
presumed source of metastases, controversial



HISTORICAL PERSPECTIVE

Previously known to exist in organs with obvious self-renewal
(bone marrow, skin, intestinal epithelium), and in organs with some capacity
to regenerate after cell loss (liver, muscle)

Previously believed NOT to exist in organs with no obvious self-renewal
(like brain)

More recently demonstrated in precisely such organs (like brain)
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Johansson CB, Svensson M, Wallstedt L, Janson AM,
Frisen J. Neural stem cells in the adult human brain. Exp
Cell Res 1999; 253:733-736. |

MATURE VOL 412 16 AUGUST 2001 | www.nature.com

Purification of a pluripotent neural
stem cell from the adult mouse brain

Rodney L. Rietze*, Helen Valcanisi, Gordon F. Brooker*, Tim Thomas~,
Anne K. Voss* & Perry F. Bartletlt”

* The Walter and Eliza Hall Institute of Medical Research, Royal Parade, Parkville,
Victoria 3050, Australia
¥ Howard Florey Institute, University of Melbourne, Parkville, Victoria 3010,

Australia



CONCEPT OF THE STEM CELL “NICHE”

haped |

Lill, Nie T. 2005
Annu. By, Cell Dev. Biol. 2060531



Somatic stem cells: Remnants of embryogenesis?




“Stages” of development: proliferation versus differentiation

Stem cell —=3 Progenitor cell ——3 Precursor

PIUrpoteNt ———3 Unipotent (?)
high proliferation =————— |OW proliferation
low differentiation =———— high differentiation

Signals for proliferation Signals for differentiation

Role of the microenvironment




Proliferative Kinetics: relationship to expansion in vitro
(and to evolution!)
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number of cells = 2" number of cells=n+1

5887



AN IMPORTANT QUESTION REGARDING
SOMATIC STEM CELLS

What is the differentiation potential of somatic stem cells?
Organ-restricted (multipotent), or broader (pluripotent)?

Much circumstantial evidence. Requirement for definitive studies
proving full differentiation to specific cell types in vivo.




Somatic stem cells: examples of specific uses

Hematopoietic stem cells have been used for years in the treatment
of bone marrow and blood disorders such as leukemia, aplastic
Anemia

Skin transplants are de facto stem cell treatments
More recent advances in regenerative medicine:

Liver, connective tissue, etc......
(homotypic, as for bone marrow transplants)

In the future: Tissues derived from heterotypic stem cell sources?
(for example, nerve cells from hematopoietic stem cells or from fat
stem cells)
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Adult human hematopoietic stem cells produce
neurons efficiently in the regenerating chicken
embryo spinal cord

Olafur E. Sigurjonsson*, Marie-Claude Perreault’, Torstein Egeland*, and Joel C. Glover'*

*Institute of Immunology, Rikshospitalet University Hospital and University of Oslo Rikshospitalet, 0027 Oslo, Norway; and 'Department of Physiology,
Institute of Basic Medical Science, University of Oslo, 0319 Oslo, Norway

Communicated by Joshua R. 5anes, Harvard University, Cambridge, MA, February 7, 2005 (received for review August 31, 2004)




Somatic stem cells: examples of specific uses

Make pluripotent stem cells!

Induced pluripotent stem cells (iPS cells): Pluripotent stem
cells derived from somatic cells that have been
reprogrammed to revert to a pluripotent state as in
embryonic stem cells



Cell 726, 663-676, August 25, 2006

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

Kazutoshi Takahashi' and Shinya Yamanaka'**

' Department of Stam Cell Biology, Institute for Frontier Medical Sciences, Kyoto University, Kyoto 606-8507, Japan
“CREST, Japan Science and Technology Agency, Kawaguchi 332-0012, Japan

*Contact: yvamanaka@frontier. kyoto-u.ac.jp

DOl 10.1016/.cell.2006.07.024

Reprogramming factors
= Sox2, Octd, KIf4, c-Myc

= Sax2, Octd, Nanog, Lin28
= Sax2, Octd, Kif4

= Elc
> O

Somatic cells Induced pluripotent stem cells
* Limited proliferation + Self-renewal
* Pluripotency genes methylated * Pluripotency
» Tissue-specific cell morphology = ES cell morphology
* X-chromosome inactivated * Demethylation of pluripotency genes
» Active G1 cell cycle checkpoint * Reactiviation of pluripotency genes
* Expression of somatic cell specific markers » X-chromosome reactivation (female cells)

* Telomearase activity
* Loss of G1 checkpoint

Figure 1 Reprogramming of somatic cells to induced pluripotent stem (iPS)
cells. Examples of reprogramming factors are provided along with the charac-
teristics of a typical starting somatic cell and those of an iPS cell

Cell
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Figure 2. Narrowing down the Candidate Factors

Takahashi & Yamanaka (2006) Cell 126:663-676
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Figure 6. Characterization of iPS Cells Derived from Adult Mouse Tail-Tip Fibroblasts

Takahashi & Yamanaka (2006) Cell 126:663-676



Nature 448, 318-324 (19 July 2007} | doi:10.1038/nature0 5944 ; Rece
22 May 2007; Published online & June 2007

In vitro reprogramming of fibroblasts into a
pluripotent ES-cell-like state

Marius Wernigl2, Alexander Meissnerl:8, Ruth Foremanl-2:2, Tobias
Brambrink: 2, Manching KuZ'2, Konrad HochedlingeriZ, Bradley E.
Bernstein®42 & Rudolf JaenischlZ

Nature 454, 646-650 (31 July 2008) | doi:10.1038/nature07061; Receiv
May 2008; Published online 29 June 2008

Pluripotent stem cells induced from adult
neural stem cells by reprogramming with two
factors

Jeong Beom Kim2:2, Holm ZaehresiZ, Guangming Wul, Luca Gentilel,
Kinarm Ko, Vittorio Sebastiano?, Marcos J. Aralze-Bravol, David RuauZ,
Dong Wook Hanl, Martin Zenke & Hans R. Schilerl

Neurons derived from reprogrammed fibroblasts
functionally integrate into the fetal brain and
improve symptoms of rats with Parkinson’s disease

Marius Wernig*, Jian-Ping Zhao', Jan Pruszak*, Eva Hedlund*, Dongdong Fu*, Frank Soldner*, Vania Broccolis,
Martha Constantine-Paton?, Ole Isacson?, and Rudolf Jaenisch*7l
*The Whitehead Institute for Biomedical Research, Cambridge, MaA 02142; "The McGovern Institute for Brain Research and TDepartment of Biclogy,

Massachusetts Institute of Technology, Cambridge, Ma 02139; *Udall Parkinson's Disease Research Center of Excellence and Neurcregeneration
Laboratories, McLean HospitallHarvard University, Belmont, MA 02478; and 55an Raffaele Scientific Institute, 20132 Milan, Italy

IPNAS



NEWS OF THE WEEK

STEM CELLS

Reprogrammed Cells Come Up Short, for Now

www.sciencemag.org  SCIENCE  WVOL 327 5 MARCH 2010
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Embryonic Stem Cells/Induced Pluripotent Stem Cells
Hemangioblastic Derivatives from Human Induced Pluripotent Stem Cells Exhibit

Limited Expansion and Early Sremteas'::em'::e;tIg

Qiang Feng 1. Shi-Jiang Lu 1 “'”. Irina Klimanskaya 2. lgnatius Gomes 3. Dohoon Kim 4. Young Chung 1. George R. Honig 3.
Kwang-Soo Kim 14, RobertLanza 1271l

Work in progress. iPS cells can differentiate into functional
neurons (above), but analysis of PAX6 gene expression shows
they are less responsive than human ES cells to neuron-
making cues (chart).



Embryonic
Advantages: Clearly pluripotent, easy to expand and differentiate, platform for many
model systems for studying normal and disease mechanisms

Disadvantages: Not autologous, may cause tumors, derived from embryos

Somatic

Advantages: Autologous, already programmed towards specific cell types, lower risk
of tumorigenesis

Disadvantages: Restricted potential, some are hard to get, still carry genetic disease
burden

Induced pluripotent

Advantages: Autologous, greater potential, platform for in vitro disease models

Disadvantages: Harder to generate and expand, require genetic/epigenetic
“harassment”, may enter senescence sooner



The main message:

STEM CELL BIOLOGY STILL PRESENTS MANY CHALLENGES

What Is needed is continued, integrated research into embryonic,
somatic, and induced pluripotent stem cells









Current clinical applications of stem
cells in Norway

Jan E. Brinchmann, MD, PhD
Group leader
Norwegian Center for Stem Cell Research
Oslo University Hospital Rikshospitalet
and University of Oslo



The stem cell hierarchy

Totipotent stem cell Inner cell mass

(zyogote) of a blastocyst Pluripotent

stem cell

v .
w .
—~{

Embryonic stem cell
(ES-cell)

CNS PNS Hema. Liver Skin Mesen. etc.

Adult, or Multipotent stem cells

!

Candidates for cell therapy =




Embryonic stem cells

Inner cell mass
of a blastocyst

Pluripotent
stem cell

Embryonic stem cell
(ES-cell)

Proliferates indefinitely
Always pluripotent (teratoma assay)

Can differentiate to cells typical of all three germ layers
(ectoderm, mesoderm, endoderm)

But: we can not yet fully control the differentiation
Teratogenesis
Always allogeneic



Cells from different people are different

Can stem cells from one individual still be used to treat
another individual?



Somatic cell nuclear transfer

//f b
Unfertilized egg @ — @ / — L
\ 7

@ _/ Developmental arrest at 6-

12 cell stage associated
with inhibition of

Somatic cell transcriptional activity

Blastooyst

o =

(70
.

Differentiated cells / \

Haematopoietic
Meuronal C A ) Transfer for
Myogenic @-ﬂm development
I n vivo
pGardla; Derive pluripotent
ancreaii stem cells

¢
o

Pluripotent stamcelle med pasientens HLA




Human oocytes reprogram somatic cells to a pluripotent state

Scott Noggle, Ho-Lim Fung, Athurva Gore, Hector Martinez, Kathleen Crumm Satriani, Robert Prosser, Kiboong Oum, Daniel Paull,
Sarah Druckenmiller, Matthew Freeby, Ellen Greenberg, Kun Zhang, Robin Goland, Mark V. Sauer Rudolph L. Leibel & Dieter Egli
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Induction of Pluripotent Stem Cells
from Mouse Embryonic and Adult
Fibroblast Cultures by Defined Factors

Kazutoshi Takahashi' and Shinya Yamanaka'*"*

' Department of Stem Cell Blology, Institute for Frontier Medical Sclences, Kyoto University, Kyoto 806-8507, Japan
“CREST, Japan Science and Technology Agency, Kawaguchi 332-0012, Japan
"Contact: vamanaka@f rontier kyolo-u.ac.jp

DO 10,101 6.call 2006.07.024

Background:

Reprogramming of differentiated cells has been shown to be
possible:

e Somatic cell nuclear transfer (Wilmut et al., 1997)

e cell fusion with embryonic stem cells (Cowan et al., 2005; Tada
et al., 2001)

Is it possible to induce pluripotency in end differentiated
cells by introducing a limited number of genes?



Induced pluripotent stem cells

@

Cell-based
therapies
Patient
; j In vitro or
Transn_ent " in vivo
expression of | Generation of differentiation?

POU5F1, MYC, 1 susceptible cells?
KLF4, SOX2 “

Selection of
iPS cells?

Induced pluripotent
Epigenetic stem cells
reprogramming

Fibroblasts



Unsolved issues for the clinical use of hIPCs

Gene transduction invoves random insertion of transgene.
This may lead to cancer.

Other reprogramming strategies: microRNAs, synthetic
MRNAs, transient gene transfection, protein transfection

Clinical use requires full control of differentiation strategy

Are iPSC truly pluripotent? Memory of mother cell



Unsolved issues for the clinical use of hIPCs (cont)

Do the cells need to be reprogrammed to pluripotency, or
is transdifferentiation possible?

Pluripotent stem cell

O

. o De - Differentiation
differentiation
L
@ Trans -

differentiation



Hematopoietic stem cell transplantation has
been used in the clinic for more than 40 years
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Hematopoietic stem cell transplantations

e Autologous: From the patient herself

e Allogeneic: From another individual

» Family (including umbilical cord blood)
» Bone marrow donor registries

» Umbilical cord biobanks

A\

>

A\

For all these: HLA compatibility very important

Lorentz Brinch, Department of
Blood Diseases, OUS






Organization of stem cell transplants in Norway:

Autologous (hgydosebehandling med autolog stamcellestgtte: HMAS)

e All University hospitals in Norway
e Oslo Universitetssykehus:
— Ulleval: Lymphomas and multiple myelomas
— Rikshospitalet: Multiple myelomas, solid tumors (children)

— Radiumhospitalet: Lymphomas, some solid tumors

Lorentz Brinch, Department of
Blood Diseases, OUS



High dose chemotherapy followed by autologous bone marrow

transplantation is an option for patients with lymphomas

Histology 1l.line First chemosensitive | Later chemosensitive
relapse relapse

Hodgkins Not Clinical option Clinical option
lymphoma recommended
T/B Clinical option Not recommended Not recommended
lympho-
blastic
lymphoma
Aggressive | Not Clinical option Clinical option
B cell NHL | recommended
Transforme | Not Clinical option Clinical option
d NHL recommended
Follicular Not Not recommended Clinical option
NHL recommended
Mantle cell | Clinical option Not recommended Not recommended
NHL
Aggressive | ACT-1 Clinical option
T cell NHL [ randomised

study

Clinical option

Arne Kolstad,
Norwegian
Radium Hospital
ous



Day

Allogeneic stem cell transplantation:
bone marrow depletion

Stem cell infusion:
I Bu | Cy Cy From bone marrow or blood

-8

Bu: Busulfan : 16 mg/kg in total
Cy: Cyclofosfamid : 120 mg/kg in total

Lorentz Brinch, Department of
Blood Diseases, OUS



Difference between autologous and
allogeneic HSC transplantation

Autologous Allogeneic
Healthy stem cells + +
HLA compatibility Yes Very important
Transplant rejection . +
Need for treatment against ) N
rejections
Transplant versus malignancy .

effect

Lorentz Brinch, Department of
Blood Diseases, OUS



Prosent

Diseases treated with allogeneic stem cell transplantation
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Allogeneic stem cell transplantation in Norway:
only performed at Rikshospitalet
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PROBABILITY OF RELAPSE
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Hematopoietic cell transplantation, 2" edition 1998;319






Tissue engineering

Elements:
e Cells

e Biomaterials
* Imaging

e Advanced surgery

In the clinic:
* Heart

e Cartilage

* Bone

* Eye



Stem/progenitor cells in the bone marrow

MSC



Repair of Infarcted Myocardium by Autologous
Intracoronary Mononuclear Bone Marrow Cell
Transplantation in Humans

Bodo E. Strauer, MD; Michael Brehm, MD; Tobias Zeus, MD; Matthias Kostering, MD;
Anna Hernandez, PhD; Riidiger V. Sorg, PhD; Gesine Kogler, PhD; Peter Wernet, MD

Background—Experimental data suggest that bone marrow—derived cells may contribute to the healing of myocardial
infarction (MI). For this reason, we analvzed 10 patients who were treated by intracoronary transplantation of
autologous, mononuclear bone marrow cells (BMCs) in addition to standard therapy after MI.

Methods and Results—After standard therapy for acute MI, 10 patients were transplanted with autologous mononuclear
BMCs via a balloon catheter placed into the infarct-related artery during balloon dilatation (percutaneous transluminal
coronary angioplasty). Another 10 patients with acute MI were treated by standard therapy alone. After 3 months of
follow-up, the infarct region (determined by left ventriculography) had decreased significantly within the cell therapy
group (from 30*13 to 12*x7%, P=0.005) and was also significantly smaller compared with the standard therapy group
(P=0.04). Likewise, infarction wall movement velocity increased significantly only in the cell therapy group (from
2.0*x1.1 to 4.0*2.6 cm/s, P=0.028). Further cardiac examinations (dobutamine stress echocardiography, radionuclide
ventriculography, and catheterization of the right heart) were performed for the cell therapy group and showed
significant improvement in stroke volume index, left ventricular end-systolic volume and contractility (ratio of systolic
pressure and end-systolic volume), and myocardial perfusion of the infarct region.

Conclusions—These results demonstrate for the first time that selective intracoronary transplantation of autologous,
mononuclear BMCs is safe and seems to be effective under clinical conditions. The marked therapeutic effect may be
attributed to BMC-associated myocardial regeneration and neovascularization. (Cireulation. 2002;106:1913-1918.)



Cardiac repair: can bone marrow cells improve myocardial function
in patients with acute myocardial infarction (AMI)?

a) Blood is

aspirated to get
serum T~

Injection into the /

affected coronary
artery or into the

myocardium

b) Bone marrow
aspiration day 4 - 5



Expected improvement in LVEF after AMI by routine treatment

ALVEF = 7%
P<0.01

60+

L 40-
mm 40
—1 30+
20+
10+

]
5 days 5 months

Baks et al, Eur Heart J 2005;26:1070



A LVEF (% points)

Results on LVEF In clinical trials with
Bone Marrow Cells in AMI

BOOST Leuven ASTAMI REPAIR-AMI
n=60 n=67 n=100 n=204

P=0.27 P =0.36 P=0.77 P=0.01
10= I 1 10+ I 1 10+ I 1 10+ I 1
8 @ - ® @ 8-
c c c
= = =
6+ Q G- o o
X X X
- L 4= LL LL
4 ] 4 w L
> > >
21 < 2 < <
0= O=
BMC Control mBMC Placebo mBMC Control mBMC Placebo
Meyer et al Janssens et al Lunde et al Schéchinger et al
Circulation 2006;113:1287-1294 Lancet 2006;367:113-21 NEJM 2006;355:1199-209 NEJM 2006;355:1210-21



What is the reason for the limited success?

The human left ventricle contains
~ 4-5 x10° cardiomyocytes

Normal heart

25% MI destroys ~ 1x10° cardiomyocytes

Approximately 1% HSC in BM-MNC

Injection of 150x1x10% BM-MNC — 1.5x10° HSC



Very few of the injected cells home to or
remain in the myocardium

m heart
m lungs
50% liver
spleen
40% | m kidneys

Analysed 1 hr
after injection

Percentage of Total Detectable Counts

Hou et al
Circulation 2005;112[suppl 1]:1-150-1-156



ARTICLES

Bone marrow—derived hematopoietic cells generate
cardiomyocytes at a low frequency through cell fusion,

but not transdifferent

Jens M Nygren', Stefan Jovinge'2, Martin
Jalal Taneera', Bernd K Fleischmann & St

Nat Med 2004;10:494-501
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Haematopoietic stem cells adopt
mature haematopoietic fates in
ischaemic myocardium
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Nature 2004;428:668-73

Haematopoietic stem cells do not
transdifferentiate into cardiac
myocytes in myocardial infarcts
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Bone marrow cells adopt the cardiomyogenic
fate in vivo
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Edited by Andrew R. Marks, Columbia University College of Physicians and Surgeons, New York, NY, and approved September 7, 2007 (received for review
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Results of Intracoronary Stem Cell Therapy After Acute
Myocardial Infarction
Jochen Wéhrle, MD*#, Nico Merkle, MD?, Volker Mailinder, MDP, Thorsten Nusser, MD?,

Peter Schauwecker, MDP. Fabian von Scheidt®, Klaus Schwarz, MD®, Martin Bommer. MD*,

Markus Wiesneth. MDP. Hubert Schrezenmeier. MDP, and Vinzenz Hombach. MD?

or LV end-diastolic and end-systolic volume indexes. In conclusion. in this rigorous
double-blind, randomized, placebo-controlled trial, we did not observe an evidence for a
positive effect for intracoronary BMC versus placebo therapy with respect to LV ejection
fraction, LV volume indexes, or infarct size. © 2010 Elsevier Inc. All rights reserved. (Am
J Cardiol 2010:105:804-812)




Is it possible to improve myocardial function using
cell therapy or tissue engineering following AMI?
Probably

Should this be offered to patients in acute stage MI?
Unlikely, the cells need to be expanded in vitro, and
should be autologous

Which are the best cells to use? Not known, animal
studies are ongoing

What would be the most likely mechanism for the
effect of cell therapy?

* Transdifferentiation transplanted cells —»
cardiomyocytes? Perhaps, but unlikely

e Stimulation of endogenous repair mechanisms?
More likely

* Improvement of local blood supply? Important,
may need to include cells specifically for this
purpose



Can adult stem cells be used to treat focal
lesions of hyaline cartilage?




In vitro expanded chondrocytes is used for
regeneration of hyaline cartilage, but the
result is frequently fibrocartilage

£ Femur

Cartilage
harvesting

_-:I site

.r"'
)

Defect in the A Harvesting tool

condyle cartiiage



Bone marrow
Adipose tissue
Mesenchymal stem cell ~— Synovium
Skeletal muscle?
Skin fibroblasts?

) -



Alginate as a scaffold for chondrogenic differentiation of MSC

The scaffold can be made to shape of choice
e Cells are quite evenly distributed

* The alginate can be easily removed

* Alginate may be made biodegradable?

Ii j } 3 mm = thickness of

hyaline cartilage of knee

\ J
|

Size of the lesion



Components of normal hyaline matrix

Decorin =
Type 1X collagen

=" Fibromodulin

Type |l collagen



Sarah Herlofsen: Changes in mRNA expression in the course of 3 week differentiation in alginate
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Expression of proteins of importance for chondrogenesis after
21 days of differentiation in alginate discs




MSC may exert immunosuppressive effects

O
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Tumor stem cells

ncer stem cell '
Cancer stem ce Tumor regression

specific therapy
Conventional Tumor relapse
cancer therapy

\@ >

Can expressed genes from glioblastoma stem
cells be used in a therapeutic vaccination?




hTERT and survivin mRNA

Immature DCs
MRNA amplification

and purification .. : \ /

mMRNA loading
by electroporation

.

Tumor stem cells

Maturation of DCs

Leukapheresis

Tumor biopsy

gwil40123 fotosearch.com



The Ex vivo cell laboratory is a GMP regulated production
facility for cells for therapeutic trials
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Patient Handbook on
Stem Cell Therapies

Appendix | of the Guidelines for the
Clinical Translation of Stem Cells

Decermnbaer 3, 2008
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The ¥Cell-Center is a private clinic group and institute for regenerative medicine
located in DOsseldorf and Cologne, Germany. Bringing together therapeutical use
of autoclogous adult stem cells and medical research, it is our mission to:

+ Provide therapeutic application of autologous adult stem cells to patients at
the highest medical standard;

« Extend existing knowledge on the effects of autologous adult stem cells by
supporting pre-clinical and clinical research.

We offer patients with degenerative diseases the opportunity to undergo an
innovative and promising stem cell treatment.

Since the start in January 2007, more than 2500 patients have safely undergone
our various stem cell treatments.

News

FOLLOW US ON Ewikker

Stem cells and tumor risk more..

April 30, 2010
Patient Fundraising Web Sites -
Lend them a helping hand! mare..

April 28, 2010
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Confirm Spinal Cord Injury Patients
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Therapy mare...
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Video Documentary of Dementia
Patient, Giulia Serafini's
Remarkable Recovery Following
Stem Cell Therapy more...

March 10, 2010
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Request information

Overview

Related topics Overview of our stem cell treatment News
Healing potential As a patient or the friend or relative of a patient, you have likely consulted this FOLLOV
Methods of use website to learn some basic facts about our stem cell treatment offerings.

Therefore, we have carefully compiled relevant information on these pages that we Stemn cel
hope will help you.

Physiological mechanism

Limits of therapy

April 30
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Treatment process concerning the function of stem cells that science has not yet been able to answer, Lend thel
and that despite the advances that have been made recently, there is no )

guarantee for the success of stem cell therapy. Nevertheless, every week we see ::I;'SI::

this new "medicine” helping a lot of people. Therefore, we offer therapies with Confirm

adult stem cells whenever classical treatment does not yield the type of results that Improvin

are satisfactory for the patient. Therapy

After evaluating important information from each prospective patient's medical March 2
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Patient Stories Reqguest information

Treatments

Overview

Related topics Methods of use - adult stem cells News
Healing potential The use of endogenous adult stem cells is ethical and legally straightforward. FOLLOV
Methods of use Under German law, the extracted stem cells are categorized as drugs. Because
Physiological mechanism they are exclusively for personal use, they are individual drugs, and under German Stemn cel
o law do not require the same governmental approval as other drugs. Despite this,
Limits of therapy . . . . . . . -
. the clinic still has to obtain 2 manufacturing license from the surveillance authority. April 30
No Tumor risk At the XCell-Center, it is guaranteed that the processes of extraction, cleaning and Patient F
Treatment process transplantation are all carried out in compliance with Good Manufacturing Practice el
(GMP) standards, thus guarantesing maximum quality and safety for the patient. April 28
. PRESS R
For the last few years, attempts at therapy with adult stem cells from bone Confirm
marrow have been carmned out at university hospitals. This means that unlike Improvin
animal testing with embryonic stem cells, adult stem cells are in-part, already being Therapy
clinically tested. The well-documented success of the cardiologist Prof. Dr. Bodo
Strauer from Dlsseldorf can be seen as an example. He treated a patient suffering "_E"Eh <
) _I J _) from a series of heart attacks for whom common therapies could not assure any V'd_e':' R
}JJ Jr"‘-!-”ﬂ_] chance of survival with the patient's own bone marrow stem cells. Nine days after ;::::L;
HJEﬂ] E]”E the stem cells had been injected into the diseased area, the patient was able to tam Ca
QEHIIEH'I}‘ leave the intensive care unit. Up to now, more than 300 patients have been
‘\!)) EUUQ jl,.? treated in Dlsseldorf using this procedure - most of them successfully. March 1
= MNBC MNew
The XCell-Center's treatment is based on the therapy experiences of more Miracles:
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Stem cells carry a lot of promise for the development of new therapeutic
options, but they should be introduced into the clinic with great caution
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International Society for StemClemqul

Guidelines for the
Clinical Translation
of Stem Cells

December 3, 2008
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What makes stem cells pluripotent?

« Receptors on their surface, that make stem cells responsive
to signals from their environment (the niche)

« Low level expression of genes normally expressed in many
different specific cell types (e.g., bone, fat, neurons, muscle, cartilage,
etc)

 How genes are packaged in the cell nucleus

— active genes: 'open’ configuration (accessible)
— inactive genes: ‘closed’ configuration (inaccessible)

— inactive genes with a potential for activation:’open’ configuration,
but with a 'brake on’

Epigenetics




afr
Lecture outline
* Introduction to epigenetics

* What provides embryonic stem cells with
pluripotent differentiation capacity?

* What about epigenetic states in somatic
(adult) stem cells?



‘ Epigenetics

Heritable modifications of DNA or
chromatin that affect gene function,
but not DNA sequence.

Two main components:

* DNA methylation

» Post-translational modifications of
histones

Gene ON

Gene OFF



‘ Epigenetics

Heritable modifications of DNA or
chromatin that affect gene function,
but not DNA sequence.

Two main components:

 DNA methylation

DNA methylation is implicated in:
Development

X chromosome inactivation

Genomic imprinting

Cancer: silencing of tumor suppressors
- Long-term gene silencing

Chromosome



A few facts about DNA methylation

NH

m " :
5’ . CpG _ 3’ ‘ Cytosine
3 -GpC -9 0
m SAM-GH;;)
SAM

NH,

‘ -Methylcytosine
0

-— DNMT

DNA methyl transferases

DNMT1: maintenance methyltransferase; recognizes hemimethylated DNA
after replication; ensures fidelity of methylation in daughter cells after cell
division

DNMT3a/b: de novo methyltransferase (embryo development, differentiation)
DNMT2: no known DNA methyltransferase activity; methylates RNA



Mechanisms of DNA methylation-mediated
gene repression

(@) Inhibition of transcription factor binding to methylated regions
(b) Co-recruitment of a transcriptional co-repressor complex by
methyl-binding proteins (MBPs)
(c) Recruitment of histone modifying enzymes (HDACs, HMTs) by DNMTs
(d) MBPs can also bind in the body of genes, inhibiting transcription elongation

Klose and Bird, 2006. Trends Biochem. 31, 89-97



% Effect of DNA methylation on promoter activity depends
on CpG density in the promoter

High CpG promoters

Low CpG promoters

$8. 5385883

No. of promoters

ICP
0 ,_.‘_,_,_‘
0 0. 0 1.2

2 04 06 08 1.
CpG ratio (obsfexp)

Intermediate CpG promoters

s _TTEPD P22 000 9299 ONor OFF
rocler 9909999999 (90 9008 X OFF

Low CpG < T ?— ONorOFF
romoter
E)LCP) ? ? ? L ONorOFF

Intermediate CpG W ? ?? ? ?ﬁ) ?? [~ ON
promoter (HCP) m ? ?? ? ” ??!_X_ o




Chromosome

£

| Epigenetics

Heritable modifications of DNA or
chromatin that affect gene function,
but not DNA sequence.

Two main components:

* DNA methylation

» Post-translational modifications
of histones




Combinations of histone tail modifications

i 0O o o

(EGRCKQCCEKERRDLAL
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[PEPAKSAPAPKEKCSEKEKAVTEK 120
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ERTKQTARKSTGGEKAPRKOQOLATEKAARREKSAPATGGUV
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K H3
36

o Acetylation
. Methylation

O . ° . ’ ’ O O Phosphorylation
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Post-translational modifications of histones

+ Acetylation Methylation +/-
\ / H3K4, H3K36, H3K79
H3K9, H3K27, H4K20

[Core histone}

- SUMOylation
Antigonizes Ac, Ub T

Ubiquitination <+
H2AK119, H2BK120
"Wedging” effect?

Phosphorylation +7

(+/- : effect on gene expression)



Epigenetic states of embryonic
stem cells




‘«% Transcriptional ’posing’ of genes important for

development and differentiation by co-marking with
activating and repressing histone marks

» Overall less DNA methylation than in differentiated cells
* But not all genes are unmethylated:

> Housekeeping

e e Pluripotency Needed now

Transcription factors

D | t Needed soon
C $PD[D P[F Development

lon channels
CP ? CP?? ? |* Cell adhesion Needed (much) later
Signaling
? ? ? |*> Lineage-specification ~ Needed (much) later
Late differentiation

@ WVethylated CpG
Q Unmethylated CpG




%‘3‘ Transcriptional ’posing’ of genes important for

development and differentiation by co-marking with
activating and repressing histone marks

H3K4me3 and H3K27me3 bivalency on unmethylated DNA
—> Housekeeping
prm—— Transcription factors
Path Only (MPMP Pe) Development Needed soon
| Early differentiation
. lon channels
?’? % C#? Pe) Cell adhesion Needed (much) later

Signaling
? ? ? ’*’ Lineage-specification =~ Needed (much) later
Late differentiation

@ \ethylated CpG @ H3k4m3
() Unmethylated CpG @ H3K27m3
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Chromatin states in ES cells

Looser and more dynamic chromatin than in differentiated cells

- Only one histone H1 molecule per 2 nucleosomes -0 2/

« ES cell chromatin is "hyperdynamic”: histones are more mobile (not
as tightly bound to DNA)

H3-YFP

100 @ O ESC
80 @ -UF,24 h
(1) Imaging (FRAP): enhanced 60 L csc
histone mobility :E AR e <«— NPC

0 100 200 300 400 500 800

(2) Biochemistry: enhanced
histone solublility

Salt extraction

Micrococcal nuclease extraction

Meshorer et al., 2006



DNA methylation changes upon ES cell differentiation

* DNA demethylation

EScel @

Methylated genes:

* Pluripotency )
« Embryonic development DNA methylatlon
* Germline development

DNA methylation changes correlate with

Differentiation

Neuron

commitment to a progenitor state, when ES
cells lose pluripotency

* H3K27 demethylation (brake release) and H3K9 acetylation

(K9ac)  ko7ms3 K9ac

K4m3 K4m3




Epigenetic states in somatic
stem cells




Functional attributions of promoter methylation in
mesenchymal stem cells

Fat Muscle Marrow Lineage-specific differentiatio
B AL P ICP/LCP ® O Transcription regulation .
s '«,,_"'T_’_"'r"_ ."l‘ :

Ii Metabolic process
HCP Biosynthetic process

Adipose Muscle Bone marrow
stem stem stem cells iy
cells cells :
ICP/LCP ® O ( Jl () Lineage-specific differentiatio

ICP/LCP O | Or)% Signaling '
Iz Metabolic process
HCP/ICP/LCP Biosynthetic process

I%(-> Non-expressed
|—> Expressed
> Weakly expressed

@ VethylC
() Non-methyl-C




Promoter CpG methylation confers repression, but
lack of or weak methylation is not predictive

Lineage-specific differentiatio

ICP/LCP e O ﬁ_ Transcription regulation '
- p

ICP/LCP ® O A0 Lineage-specific differentiatio

(1) Repressive state

(@) —

0000
methylated

(i) Permissive but not predictive stat

7,
_>
OO0

unmethylated




Combinatorial association of DNA methylation and
histone modifications on promoters

I-)%_ Early development
@ H3Kame3 Dy — o ® e Reproduction

) H3K27me3
|—> Expressed
@ H3Komes3 Early development

> Weakly expressed . Co
@ Vethylc ﬁ) (F ﬁj d—)_e._ Differentiation
(O Non-methyl-C ® ® Transcription regulation
m m Lineage-specific differentiatio
® Transcription regulation

& 3 :z Ii Metabolic process
Biosynthetic process

r=D
ol TIEr2,
?O?: !)I %? Signaling

@ .&% Metabolic process
Ol Biosynthetic process

Lineage-specific differentiatio




Combinatorial association of DNA methylation and
histone modifications on promoters

© H3k4me3
Non-expressed
) H3K27me3 Pe e ° d
Xpresse
@ H3Komes r
> Weakly expressed
@ Vethyl-C

(O Non-methyl-C

Lineage-specific differentiatio




Differentiation segregates the H3K4me3 and
H3K27me3 marks

© H3k4me3s

Non-expressed
) H3K27me3 Pe P

Expressed
@ H3kome3 r
> Weakly expressed

@ VethylC
(O Non-methyl-C

Activation Repression

CP. T P ? : T s koY
T oo
oree | o@O®0
T 7a Wl
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The bottom line (simplified): ’poising’ genes for
later activation...

BT e
Permissive

Path Only
[ S

H3K27me3 H3K4me3
CpG hypo-methylation

Gene ON

H3K9ac

PR
Permissive

O

Promoter Coding region
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Regulatory levels of gene expression and cell fate
decisions ('molecular layers’)

DNA methylation

Histone PTMs

Pol Il occupancy

MRNA levels

Poly-adenylation
MRNA splicing

Protein levels

Protein PTMs

Cell fate
prediction?
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The processing of microRNA from gene to
RISC complex
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To suppress translation of a transcript,’ one or

more microRNA species?
(a)

miRNA Target
/ Target cleavage 5
’ -
T [THTRTI
Extensive Limited
complementarity / complementarity
(plants) Translational inhibition (animals) Ther‘e are Two "Concep"'su
advocating the need for
(b) — RISCmIANP microRNAs to control gene
o , , y—ng expression:
& 3T S - " 3 TS " . T
5’ pairing strong 5’ pairing broken 5’ pairing weak
3’ pairing weak 3’ pairing strong 3’ pairing strong Some people asser"r ThaT
© _ - only one microRNA is
(o - . .
_--"  necessary and sufficient to
T T T T alter gene expression/cell
.- phenotype, while others
Mormemia =T e claim that 5-6 microRNA
A L species are necessary to
A A do the same job
One 'strong' site Multiple 'modest' sites

for one miRNA for different miRNAs



Some microRNAs are located in clusters outside/within genes on given
chromosomes and may be organized in hierarchical regulatory sequences or
loops encompassing microRNAs, TFs and functional genes

miR-106a - 363 Cluster

79225 ~H

Chromosome 7
MCM7

q26.2

X chromosome

”
'
”
” 13q32
'

” Chromosome 13

Ci3orf25




The interrelationship between microRNAs, transcription
factors (TFs) and target (functional) genes
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miRNA target P-value
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Examples of transcription factor overexpression or
ablation experiments that result in cell fate changes

a b e f
Fibroblasts Monocytic Fibroblasts B cells B cells Exocrine cells
precursors /
—>
MyoD ggg Pax5 Pdx1
GATA1 C/EBPu : Ngn3
Kif4 ablation MafA
Myc
Y A\ \j Y Y
Erythroid-
Muscle . i T cells,
Salls megakaryocytic iPS cells Macrophages macrophages Islet B-cells

cells, eosinophils

Thomas Graf & Tariq Enver Nature 462, 587-594 (2009) nature



Transcription factor cross-antagonisms in a cascading
landscape of unstable and stable cell states

TROPHECTODERM

ECTODERM
ENDODERM

Oligodendrocyte

-
= iAscly

MESODERM

Thomas Graf & Tariq Enver Nature 462, 587-594 (2009) nature
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Manipulering av stamceller med T e

gener (som er viktig for @ S
selvfornyelse) og mikroRNA

elf Renewal > Man kan
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Embryonic Stem Cells ' benceller og
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In vitro . la dem gro i en
Differentiation J 2D-struktur i

\ Petri-skaler, eller

/ Dedifferentiation . introdusere
“ ' (overuttrykke)
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) for selv-fornyelse
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Self-renewal
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J_ / PENCE miR-296
‘Wﬁ'{ miR-2l | SOX2 ——— j "
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cluster Niche @ sakalt mikroRNA

Adult tissue stem cells
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DNMT ‘| LIN28 —r let-7 —>

Progenitor cells

miR-290-295

RNA regulation of embryonic stem cells.

Jan O. Gordeladze, professor, dr. philos, Avd. for
Biokjemi, Institutt for Medisinske Basalfag, UiO



Timing of transcription factor expression and lineage outcome

C/EBPu.

Granulocyte/
Macrophage
Mast cell
P it C/EBPa.
rogenitor \_> Eosinophil
GATA2 C/EBPa
ﬁ Basophil

Thomas Graf & Tariq Enver Nature 462, 587-594 (2009) nature



MicroRNA species shown to be involved in
hematopoietic stem cell differentiation
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Transcription factors involved in the differentiation of
Th-cells from naive T-cells (literature survey, 2009)

T-bet (TBX21),
STAT1, STATS,
IRF1, NFATc1,
Runx3

GATA-3, STATE6,
c-Maf, c-Jun,
NFATc1

RORa (RORA),
RORy (RORC),
STAT3, STAT4,
IRF4, Act-1,
Foxp3, Runxl




Micro-RNA | a) Naive T vs Micro-RNA b) Thi7 vs
species Th (1, 2 17) species Thl and Th2
ratio ratio
150 26.8 923 2.78
20a 9.25 638 2.71
30d 9.04 663 3.09
17 8.93 _ o _
19b 7.91
26a 7.64 :
106a 6.79 y
20b 6.73 e TaLu.
Let-7g 6.52 e =l e—— ===
Let-7a 5.28
16 5.13 |
19a 4.94
768-3p 4.93 B
142-5p 4.56 T Al [ ===—5
146b-5p 4.43 -
155 3.24 B
923 0.32 1 F
638 0.12 = o
663 0.057 Milteniy Biotech, France

Relative expression of
micro-RNA species in:

a) Activated naive T (CD4+)
cells vs the average for

activated Thl, Th2 and
Th17 cells

b) Activated Th17 cells vs
the average for activated
Thl and Th2 cells

RNA-solation by mirVana®

RIN-values 9.2-9.7

CD4+ Thl Th2 Th17




Question 3

"We would like to know which of
the genes, putatively being
targeted by the above mentioned
microRNAs will have two or more
of the subject microRNAs “in
common"

Directory: "Common Targets"”

I used 3 sets of parameters to
find putative target genes:
"Stringent”, "medium” and “large”.
Genes are identified by their
transcript identifier (from
Ensemblg. That explains multiple
gene occurrences in lists. Lists are
ordered by scores, and can be
explored using HTML file format.

Stringent list: 57 targeted genes

Score»>=18, p-value<=0.001, number
of miRNAs on targeted genes >= 2

Medium list: 247 targeted genes

Score>=17, p-value<=0.001, nhumber
of miRNAs on targeted genes >= 2

Large list: 620 targeted genes

Score>=17, p-value<=0.01, number
of miRNAs on targeted genes >= 2




Question 1, addressed by using the Mir@nt@n database

"We would like to see which microRNAs may target two or more of the
transcription factors from the [..] complete list”

* Directory: "TF/ListComplete”
2 graphs were generated (Hierarchical and Organic views). TFs found to be targeted
by miRNAs: RORA, STAT4, NFATc4, NFATc3 and MYB.

NFATG3 MYB NFATC4 STAT4

* T-bet (TBX21), STATL, STAT3, STAT4, STAT6, IRF1, NFATcl, NFATc2, NFATc3, NFATc4,
NFATcH, GATA3, c-maf, c-Jun, JunB, RORalpha (RORA), RORgamma (RORC), IRF4, Act-1, Runxl1,
Runx3, NFkappaB, IkappaB, AP-1, MYB, TOX, Notch, MAMLI, p50, p65, Th-POK, Twist




Question 2, addressed by using the Mir@nt@n database

Directory: "TF/FeedbackLoop”

an we identify feedback loops using the input microRNA list?“

This question can be answered in one click! Feedback loop is defined as a couple
of TF and miRNA that regulate each other. A hierarchical graph was generated
and includes 6 TFs and 5 miRNAs.

<G>

MZF1

SRY

TFAPZA

MYC

Names of genes involved in
feedback loops:

SRY: Testis determining factor

REL: C-rel proto-oncogene protein

MZF1: Myeloid zinc finger 1 (MZF-1)

FAP2A: Transcription factor AP-2

TBP: TATA-box binding protein

MYC: Myc proto-oncogene (transcription
factor p64)

REL is heavily involved in lymphocyte
proliferation, but also important for T cell
function. It interacts with IRFI and IRF4,
as well as the NFKB family of TFs



Relative levels of miRNAs 663, 638

and 923 between T cell species List of genes targeted by microRNAs 663, 638 and 923

: Clorf90: Chromosome 1 open reading frame 90
K Activated EMILINI: Elastin microfibril interfacer 1
Th17 cells DPAGTI: N-acetylglucosaminephosphotransferase 1 (GIcNAc-1-P transt.)

HDACI10: Histone deacetylase 10
IGSF9B: Immunoglobulin superfamily, member 9B
4x TINAGLI: Tubulointerstitial nephritis antigen-like 1
ATP6VIBI: ATPase, H+ transporting, lysosomal 56/58kDa, VI subunit BI
CDHZ24: Cadherin-like 24
CALMLS: Calmodulin-like 5

16x Activated SNCB: Synuclein, beta
Th2 cells PPAP2C: Phosphatidic acid phosphatase type 2€
2x CAPS: Calcyphosine
PNPLAZ: Patatin-like phospholipase domain containing 2
Activated ZBTB455: Zinc finger and BTB domain containing 45
ATP2C2: ATPase, Ca?* transporting, type 2C, member 2
2x Thl cells SST: Somatostatin
ILK: Integrin-linked kinase-2
| AN Activated SCAMP4: Secretory carrier membrane protein 4
: DLGAPZ: Discs, large (Drosophila) homolog-associated protein 2
naive T cells NKX1-1: NKI homeobox 1
= POU2F2: POU class 2 homeobox 2
CRTC1: CREB regulated transcription coactivator 1
TBX1: T-box 1

UCP2: Uncoupling protein 2 (mitochondrial, proton carrier)
LY6E: Lymphocyte antigen 6 complex, locus E

UPKIA: Uroplakin 1A

KCNAB3: Potassium veoltage-gated channel, beta member 3
HAPLNS3: Hyaluronan and proteoglycan link protein 3

Hypothesis: May these microRNAs KRBA1: KRAB-A domain containing 1
determine the polarity/plastici TSSK6: Testis-specific serine kinase 6
" . d .|Ph Il Y/P lel bw DEGSZ: Degenerative spermatocyte homolog 2, lipid desaturase
of activate cells solely by PSD: Pleckstrin and Sec7 domain containing

endogenous levels? CEDCI06: Coiled-coil domain containing 106



Relative levels of miRNAs 663, 638 EXPFeSS,.O” Of 7-/7 Ce// lfsvpecif/b” TFS (mRNA) /.,7

and 923 between T cell species

ol cells transfected with various amounts of

. premir-638 or antagomir-638

16x Activated
Thi cells

Activated
2x Th2 cells

) Expression of T-bet Expression of GATA-3
Activate
naive T cells Th2 cells Th17 cells Th2 cells Th17 cells

is: May these microRNAs
determine the polarity/plasticity
of activated Th cells solely by
endogenous levels?

T-bet / RS9
Gata-3 / RS9

IFN-y

CXCR3

IL-10 _
IL-26 Expression of RORC
i 40- Th2 cells Th17 cells
Tl -4
TL-13
3
IL-5 4
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o
o
[
T.-17
IL-22
TNF -
CCL20
CCR6
IL-10 o

IL-26



Relative levels of miRNAs 663, 638
and 923 between T cell species

A Activated
Thi7 cells

4x

16x Activated
Thi cells
2x

Activated
2x Th2 cells

L Activated

naive T cells
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Hypothesis: May these microRNAs
determine the polarity/plasticity
of activated Th cells solely by
endogenous levels?

IFN-y
CXCR3

IL-10
IL-26
TNFa

IL-10
IL-26

IFNy f RS9

-
o
=]
=1
N

=
=
=]
=1
N

Expression of Th cell “specific” cytokines
(mMRNA) in cells transfected with various
amounts of premir-638 or antagomir-638

Th2 cells

Expression of I[FNy
Th17 cells

CCL20 f RS9

Expression of CCL20
Th2 cells

IL4 / RS9

Expression of IL4

Th2 cells Th17 cells

Th17 cells

CCR6 / RS9

Expression of IL17A
Th2 cells Th17 cells

Expression of CCR6

Th2 cells

Th17 cells




MicroRNAs are heavily involved in self-renewal and
differentiation of stem cells

Published microRNAs

involved in embryonic

stem cell renewal and
differentiation

AT

§ \

(%))

- Self-renewal

ES cell
REST
J- Nanog = 4
}—— miR-296
miR-21 | SOX2 = 1
* e MIiR-22
Y/Oi‘*‘4 |
DNMT LIN28 =t let-7
'|' J \ J
RBL2 Q)
'|' Progenitor cells
miR-290-295 *
cluster Niche «O,
Adult tissue stem cells ,
/
. . /
hematopoietic 7
stem cells
(HSCs)

In silico search for microRNA species targeting transcripts of family
members of evolutionally conserved and developmental prominent genes
(Wnt-, TGFB-, SHH- Notch- and Homeobox-related) shown to be important
for the self-renewal and/or pluripotency of hematopoietic stem cells (HSCs)

Gene Micro-RNA (according to MiRNA Viewer and PicTar)
Lefl 22, 24, 26ab, 34abc, 93, 145, 149, 193, 302abcd, 320,
370, 372, 373
BMP4 206, 337
NIK = 17-5p, 19ab, 20, 27ab, 93, 106ab, 130ab, 155, 204, 211,
MAP3K14 214,301, 302abcd, 326, 331, 345, 370, 372, 373
SMO 326, 346, 370
Notchl 15a, 15b, 32, 34abc, 125a, 125b, 139, 195, 223
Hoxa9 Let-7abcefgi, 19b, 26ab, 32, 96, 98, 99, 101, 126, 128ab,
139, 144, 145, 147, 182, 186, 196ab, 199, 205, 301
/

Many of the microRNAs listed immediately above, like
microRNAs 17-5p, 22, 24, 34ac, 125ab, 128b, 149, 193, 326
and 337 are putatively targeting transcription factors APC,
ATF4, DIx5, ETS-1, HES-1, LEF-1, NFATcl, Sp3, Sp7
(osterix), RNF11, Runx2/cbfal, Satb2, TAZ, and VDR
involved in osteoblastogenesis!



Strategy to ensure blockage of osteogenic differentiation in
chondrocytes engineered from hMSCs for cartilage replacement

Focus on transcription medulators known Interrelations between the ftranscriptional
to be important for the differentiation modulators and other genes (the Ingenuity
of osteoblasts algorithm): confined to osteoblasts (p < 5:103)
;
-cartenin
Tregrinald | VOR | TLE/  [eri3aiier |
Groucho ok -
AT18 _ETS- Runx1
AFosB HES-1 ToidE 1.
bec-1 Smad-1,5,8

Qsf-1

4
AN AP e i) )
\ \
b

] )
) A A
Wi

Smurf-1,2 %
ALY/ETS-1

Stat-1
Smad-3,4 Capc D—P)
[TCP-1,3,4/LEF-1 { p-catenin>

Selected target transcripts:
APC, ATF4, DIx5, ETS-1, HES-1, LEF-1,
NFATc1, Sp3, Sp7 (osterix), RNF11, _ _
Runx2/cbfal, Satb2, TAZ, and VDR Key junctions: TNFaand p38 MAPK

:

A
»ALP

NFATCY



Search for putative microRNA species targeting the
selected transcriptional modulators

Nucleus

Pre-
miRNA

Dicn/

miRNA
duplex

7

miRNA-RISC |
complex |

Messenger-
RNA I

Ribosome

F-UTR

]

Concept: look for microRNAs
targeting two or more
transcriptional modulators
specific for osteoblasts

NFATel Collagen T Sp3

VDR
DIx5 ALP
ATF4 Runx2 Osteocalcin _lo_:;
Satb2 BSP RNF1p < ETS
Smads-1,4,5
___—DIx5
Msx2 MINT @
g ‘ [Run<2. Osx]
[Runx2 | Runx2, O

—_

Hoxa2

Stem cell |
Satb2

Pre-osteoblast Osteoblast

MIRNA species | Predicted osteoblast (0B) gene Tentative effect on OB
(ranked by targets development and function
number of hits)
296 APC, HES-1, NFATc1, Osterix, Runx2, | Precommitment and dif ferentiation
Sath?
J4¢ APC, ETS-1, Sp3, Satb2, Taz, VDR Procommitment and differentiotion
340 APC, ETS-1, LEF-1, Sath2, VDR Procommitment and differentiotion
1240 Dix5, ETS-1, RNF11, Sp3, VDR Procommitment and differentiotion
1250 ETS-1, HES-1, Osterix, Sath2, VDR Procommitment and differentiotion
125 ETS-1, HES-1, Osterix, Sath2, VOR |  Precommitment and dif ferentiation
328 APC, ETS-1, Osterix, Runx2, VDR Differentiation
449 RNF11, Sath2, Sp3, TAZ, VDR Procommitment and differentiotion
125b APC, LEF-1, NFATc1, Sath2 Procommitment and dif ferentiotion
339 ETS-1, Osterix, RNF11, VDR Differentiotion
16 APC, ETS-1, Sath2 Precommitment and dif ferentiotion
2 APC, LEF-1, Sath? Procommitment and dif ferentiation
331 APC, Osterix, RNF11 Differentiation
337 ETS-1, Osterix, VDR Differentiation
338 APC, ETS-1, Sp3 Differentiation
17-3 ETS-1, Sath2, VDR Procommitment and differentiotion
24, 149 APC, LEF-1, RNF11 Differentiotion
193 APC, ETS-1, LEF-1 Differentiotion
328 APC, Runx?, Osterix Differentiation




Search for possible detrimental effects of selected microRNA
species on chondrogenesis

Watch out for L ek

Crucial factors responsible for differentiation
microRNAs putatively l

miRNA © towards osteoblasts

affecting repressors of
osteoblastic
transcriptional
modulators and
microRNAs negatively

affecting chondrogenesis

Names of genes (MSC conden-
sation and differentiation;
chondrogenesis and terminal
differentiation)

Goldring et al:, 2006

GenoStem transcriptome analysis

(chondrocytes from cartilage
incubated with TGFp; /n vitro)

Early up-regulated genes (more
than 2-fold on day 1)

Early down-regulated genes (more

than 2-fold on day 1)

= /ltxuw'afnd

1N A 4

\
) ) Al

TF @ — Target @

Aggrecan, Coll10al, Collllal, Coll11a2, Coll2al, Coll9al,
Fibronectin type 3, Hyaluronan, N-cadherin, Thrombospindin-2,
ALK-2, ALK-3, ALK-6, BMPR1A, BMPRI1B, CD-RAP, Chordin, FGF-
10, FGF-8, FGRF1, FGRF2, FGRF3, Flk-1, GADD45p, 6li1, Gli2,
6li3, Hoxd11, Hoxd13, L-Sox5, Noggin, Npn1, Npn2, Ptcl,
Smadl, Smad4, Smad5, Smad8, Smo, Sox6, Sox9, Takl, Wnt3a,

Wnt7a

Genes related to
transcription

Foxo3A,
BHLHB2, MXI1,
S0x9, Notch3,
CEBPD

FoxolA, ID3,
SMURF2, RYBP,
HMGLY

Genes related to
signalling systems

Wnt5A, STK24,
TGFp1, VEGF,
ARL7, THY1, P311,
FGF2, IL6,
PTP4A1, PARGI,
FZD2,NMB, STC1,
PENK

DKK1, SPRY4,
GADDA45p,
TNFRSF1, YWAH,
PDE8A, PTPRC,
MKP-L, NDRG1

Genes related to
matrix/anchoring
proteins

CD44, Coll7al,
SPP1, NID, DPT,
FN(1)

PRELP, COMP,
Colllal, ITGAI1O,
MGP

N

Runx2, Sp7 (Osterix),
ETS-1, Sp3, VOR, LEF A,
ATH, NFATC1, RNFYY,
\  TAZ, DIx§, HES-, APC,

& Sath? -

16, 4, 125,
149, 328, 337,
336,339, 49

M(s
Chondrocytes =

Crucial factors responsible for differentiation

L

173p, 22, 34a, e,
124a, 125a, 128h, 193,
29, 326, 331

See Goldring, 2006
GenoStem micro-array

SRS

fowards chondrocytes




MicroRNA microarray differential display analysis of osteoblasts
and chondrocytes differentiated from hMSCs for 3 days

© ©
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Chondrocyte signal

Isolation of total RNA
using the mirVana® kit
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Comparison between the in silico search for putative microRNA
species and the microRNA microarray analyses

Human Predicted Number of Human Predicted Number of
miRNAs | [chondro/osteo] | microRNAs putative miRNAs | [chondro/osteo] | microRNAs putative
targets targets
34c-5p Absent in osteo 34c 6 9%a 217
128b Absent in osteo 128b 4 575 162
193a-3p Absent in osteo 193a 3 1231 161
328 Absent in osteo 328 3 21 1.60
296-5p Absent in osteo 296 6 Let-79 149 Let-7c 1
331-3p Absent in osteo 331 3 494 137
337-5p Absent in osteo 337 3 214 126 214 1
339-5p Absent in osteo 339 4 27b 1.19
671-5p 5.69 125a-5p 1.10 125a 5
24-2 4.04 24 3 27a 1.03
212 3.68 199a-3p 0.94 199a 1
26b 3.50 100 0.94
663 2.98 2%a 091
29b 2.81 34a 5
29c 2.72 124a 5
149 2.42 149 3 1256 5
148a 2.41 148b6 1 326 5
638 2.38 449 5
15a 2.31 15a 1 16 3
923 2.31 17-3p 3
411 2.23 22 3
376¢ 2.19 338 3
574-3p 2.17 18, 30e-3p, 1-2
31, 34b, 103,
. . 107, 128a,
Conclusion: 16 predicted out of 36 analysed 133a, 1336,
microRNA species in common, including 2e% 3o
miRNAs 149, 328, 337, and 339, putatively G LD

not perturbing chondrogenesis



Expression relative to U6

Expression relative to U6

Expression relativeto U6

Profile of the microRNA species 16, 24, 125b, 149, 328, and 339 during
osteogenic and chondrogenic differentiation from hMSCs for 5 days (left)
and up to 21 days (right)
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Time-course of mir-16 expression in hMSCs (P17, PMP7
and P23) differentiated into Chondrocytes or Osteoblasts
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Time-course of mir-339 expression in hMSCs (P17, MP7
and P23) differentiated into Chondrocytes or Osteoblasts

Micro-RNA levels, relative to U6
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Time-course of mir-328 expression in hMSCs (P17, MP7
and P23) differentiated into Chondrocytes or Osteoblasts
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The subject microRNAs are
maintained in differentiating
chondrocytes, but strongly down-
rgulated in differentiating
osteoblasts - “all or none” effect

" = Chondrocytes
’ Osteoblasts

S
=
=

Dicer-dependent pathways regulate chondrocyte proliferation and differentiation
Tatsuya Kobayashi et al., 2009, PNAS



psiCECK?2 reporter constructs containing parts (from 473 to 2010 bases) of
XhoI/XhoI or XhoI/NotI digests of PCR amplified 3'-UTR sequences

216: Mir-339 2110: Mirs-16 & 125b ET5-1
5-TCT TGAGCAAATTTTCAGGAGAGSE AGA - CTC TCAAAATATTTTAGGAGCTECT CAG-3

BamHI 4451

2 Amp'

405: Mir-149 LEF-1 /X
S-ATTTGLCTETCATGLECAACTGEAGCCA GCAAC-3 A,
406: Mir-24 Y hiucs
on
572: Mir-125b 586: Mir-339 Osterix HSV-TK ] psiCHECK™-2 Balll 1
5-TCTGATCCCAAAGATGE66TEACCCCAGEETCAGGEAGGLT CCCCC-3 Lodbiy Vector Kpnl 58
: Synthetic (6273bp) PNl St
576: Mir-328 poly(A)
1674 | Notl SV40 early
1663 | Pmel enhancer
263: Mir-339 VDR 1643 | Xhol ) promoter
5-GGGGCAGAGGGC AGAGLLTEEAGECAGEELLTTE CCCAGAGATGCC- 1640 | Sqfl W ||
TCCACCGCTGCCTAAGTGGCTGCTGACTGATGTTGAGGGAACAGACAG- \ '
GAGAAATECATCCATTCLTCAGG6A CAGAGACACCTGC-3'
348: Mir-125b Nhel 684
48: Mir-24  59: Mir-149 RNF11
8-CCATT IT66T66TTTTGATCTTTTETCACTGAGCCCAAAGAG CCAGAG-3' VDR-construct: Xhol/ kol
63: Mir-339
16: Mir-328 Runx2/cbfal Other constructs: Xhol/NoitT

5'-CCTCAGCAGTEELLCAGTEETATLTE6666CC ACATCCCACA-3’

Each construct contains at least one putative target sequence for
the osteoblast/chondrocyte signature microRNA species

16, 24, 125b, 149, 328, and 339

A345MAL0 3A



Per cent luciferase activity

= 100%)
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Effect of pre-miRNAs and antago-miRNAs on the luciferase activity of
the psiCHECK?2 constructs in osteoblasts and chondrocytes differentiated
from hMSCs for 3 days (cont.)

Modulation of psiCHECK2-VDR Renilla
luciferase activity by antago- and
premir-125b and -339
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MicroRNAs 125b and 339 seem
to be equally potent as to their
impact on the VDR transcript

Per cent luciferase activity
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Modulation of psiCHECK2-RNF11 Renilla
luciferase activity by antago- and

195 premir-24, -149 and -339
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MicroRNA 339 seems to be
more potent as to its impact
on the RNF-11 transcript than
miRNAs 24 and 149

Per cent luciferase activity
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Modulation of psiCHECK2-Runx2
Renilla luciferase activity by antago-
and premir-328
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MicroRNA 328 seems to be as
potent as its impact on the
Runx2 transcript as 339 on

the RNF-11 transcript



The transcriptional modulators specific for osteoblasts closely
interact with many signalling system molecules

Proteins interacting with at least two of the 14 transcription modulators
(according to the<«Pina» algorithm) important for osteoblastogenesis:

PRKCA: Protein kinase C alpha type (PKCa)

>| SMAD1,2 & THOCA |
El

SPI1: hematopoietic transcription factor PU.1

L. . MiRNAs 22, 24 34a, MiRNA 296, it
TLEL: Transducin-like enhancer protein 1 (ESG1) 128b 140 103 0 326, 328 ;
NCORI: Nuclear receptor corepressor 1 (N-CoR1) & _J‘\ o suRFi
RUNXI: Runt-related transcription factor 1 Runx2 ¥ :
/ |

AR: Androgen receptor (DHT receptor)

EP300: Histone acetyltransferase p300 (p300 HAT)
NCOA2: Nuclear receptor coactivator 2 (NCoA-2)
CTNNBI: Catenin p1 PRKCA <--
SMADS3: TGFp-signaling protein 3

MSEX2: Homeobox protein MSX-2 (Hox-8)

CREBBP: CREB-binding protein

GTFZ2B: Transcription initiation factor ITB

FOS: Proto-oncogene protein c-fos

CEBPB: CCAAT/enhancer-binding protein beta (C/EBPB)
SP1: Transcription factor Spl

POUIFI: Pituitary-specific positive TF factor 1 (Pit-1)
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SMADI: TGFpB-signaling protein 1 MiRNAs

SMAD2: TGFB-signaling protein 2 1364' 0173:‘?
THOC4: THO complex subunit 4 (incl. AML14 LEF1) Eg; ' 1?3;:
SMURF1: SMAD ubiguitination regulatory factor 1 328, 337,

AP-1: Adaptor protein complex AP-1 S8k 288 s PIASY

UBEZ2I: Ubiguitin-conjugating enzyme E2 T
RB1: Retinoblastoma-associated protein (pRb) MiRNAs 17-3p, 34a, 34c, 124a,
PIASI: Protein inhibitor of activated STAT protein 1

125a, 125b, 328, 337, 339, 449



The chondrocyte differentiating potential of the microRNAs shown
to block osteoblastogenesis and facilitate chondrogenesis

Complete Ambion®
transfection kit and
protocol.
Transfection was
performed every 4

RT-PCR (%) of gene transcripts, GAG/DNA-
Markers ratio, and Clinical score (histology, distance

between cells, immunihistochemistry)

days until day 21 Sox9 | 100 m oy 23 | 5 | 23 I 63 I
Wnt5 | 100 76 1 18 1 58 | 16 | 74 I
. |
f ) GAG/DNA I 100 83 | 21 : 65 | 28 ;621
Clin. Score oo 68 1 o2 66 | a1 | s |
MSCsin I I | I I
monolayers Aggrecan I 100 13 I 19 | 55 I 24 | 68
Collagen 2a | 100 51 | 18 1 49 | 16 I 73 :
Collagen 10a | 100 36 | 24 1 47 1 2 | @ I
I |
Endogenous Cell manipula- I I I I I I
microRNAs ToFR,, tion by | | | |
enhanced dexamethasone, | |
between 3-5 .:';o,b"- i | | | |
; rbicacid, TGFB; + I |
times after proline, ITS | | 1 |
transfection ¥ e . I I : :
I I
Premirs 244149 I+ 1 :
-— e - I
Premirs 3284339 + |
Chondrocytesi . |
aI;imte bete:sdls" All premirs | + I
- - =
End point measures:
RT-PCR of marker genes (all Conclusion: The microRNA species are not able to substitute
values expressed relative to completely for TGFB; (with the exception of miRNAs 244149) in

controls = TGFB, = 100%) achieving typical chondrocyte differentiation from MSCs
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MicroRNAs of the osteo-chondro
signature may heavily interfere with
antagonists of the chondrocyte
differentiation from MSCs

targeted b

Receptor antagonists

Chordin (CHRD): BMP 24,125b, 149, 328
Noggin (NOG): BMP 16, 149
THBS1: TGFp 16, 328
Decorin (DCN): TGFp 24,339
TF antagonists
Smad6: BMP/TGFp 16, 149
Smad7: BMP/TGFp 16
Smurfl: TGFp 16, 125b
Smurf2: TGFp 16
MAPK14 (p38-MAPK) 24,125b, 149, 328, 339
Rbx1: vs Smad 2/3 only 16, 149
Cull: vs Smad 2/3 only 125b
Skpl: vs Smad 2/3 only 125b
Co-repressors of
TFBEs
c-ski/snoN (SKI) 16, 339
c-myc (MYC)
EvIl 24,328
TGIF 24,149
SIP1 16, 125b
Tob: BMP only 16, 149

In silico searches using the Sanger,
Viewer, Pic Tar, Segal
and Sloan-Kettering databases



www.SABiosciences.com

fl SABiosciences

The microRNAs of the osteo-
chondro signature are putatively
heavily involved in the regulation of
the TNFa pathway (i.e. “taking out"
its inhibitory impact)
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Model for how the microRNA signature affects differentiation
of osteoblasts and chondrocytes from hMSCs

MiRNA 149, may serve as
switch (since it targets
ATF3, which activates

Runx2 and inhibits Sox9)
between the osteoblast

and the chondrocyte
phenotypes depending on
its endogenous levels and
cooperation with other,
unidentified, microRNAs

MiRNAs 24 and 149 are
putatively interfering with
gene transcripts like:
PIAS1 (repressing Sox9
through SUMOylation),
Stat6 (Sox9 inhibitor),
SP1 (inhibitor of CEBPA
interacting with Sox9),
and PPPIRI6B (TGFR-
inhibiting membrane
associed protein = protein
phosphatase 1 inhibitory
subunit 6B) etc.
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125b, 149, 328, 339

6 microRNA species
specifically block
osteoblastogenesis,
thereby promoting
chondrogenesis, by
targeting at least 9
transcriptional
modulators:

| Mir-24,149




Cells involved in inflammation (e.g. rheumatoid arthritis)
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Shedding exosomes containing a plethora of microRNAs



Possible interactions between microRNA-presenting
compartments in rheumatic disease

Pathogenesis of Rheumatoid Arthritis MicroRNAs increased in whole blood from RA-patients:
O0eomel Glomaatohd 144, 142-3p, 32, 19a, 340, 7, 101, 142-5p, 19b, 96, 29bc, 424, 125b,

Endothelial T-’(:E‘;II Monocyte

Cell

Some microRNAs found in exasomes from mast cells:
451, 10a, 450, 150, 296, 341, 15ab, 24, 20a, 222, 324-3p, 23ab, 21,

e e g 184, 500, 293, 329, 264, 30c, 326, 433,18, 16, 207, 129-5p, 146b,
y 857 17-5p, 142-3p, 142-5p, 183, 191, 96, 106b, 291ab, 107, 290, 351, 182,
& s 4 27b, 468, 300, 470, let-7b, 370, 298, 185, 503
Y
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P Col e Sy MicroRNAs produced in large amounts in activated Th 17 cells:
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Cartilage] 5 IFNV IL-Z 1
1 ,&7- CD40
Synovial (inflamed| . O T1.cel
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/ -

TNF, IL-‘l /
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MicroRNAs produced in small amounts in differentiated
: : chondrocytes: 26a, 222, 145, 143, 184
MicroRNAs produced in small amounts in differentiated
osteoblasts:
34c-5p, 128b, 34a, 193a-3p, 328, 296-5p, 331-3p, 337-5p,
339-59, 671-59, 24, 26b, 663, 29bc, 149, 1483, 638, 153,
923, 411, 376¢, 574-3p, 125ab, 99a, 575, 21, 494, 214,
27ab, 199a-3p, 22, 100, 29a
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Mir@nt@n algorithm: Interaction between microRNAs 26a, 222,
and 184, transcription factors and target genes




Putative interrelation between microRNAs 21, 22, 34a, 638, 663, 923
(Mir@nt@n algorithm), transcription factors and target genes
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http://maia.genouest.org/demo/temp/c6da33be967f8a417988d554e341e46d/MIR@NT@N/TFmiRNAGene_graph.png
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Human Pluripotent Stem Cells
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Background

» hESC derived from the
ICM of blastocysts

» Have the potential to
differentiate to any of
the cell types of the
body

» The hope is that these
cells can be used in
cell replacement to
cure diseases like;

Parkinson’s, HD, MS

spinal cord |nJur|es

myocardlac mfarctlons
diabetes..

Susanne Strom 27 oktober 2011
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Background o

» 1981 First mouse ESC line. Evans and Kaufman.

» 1994 First culture of human ICM. Bongso et al.

» 1998 First human ESC lines, Thomson et al.,
2000 Reubinoff et al.

» 2006 First mouse iPS cell line. Takahashi and
Yamanaka.

» 2007 First human iPS cell lines. Yamanaka and
Thomson groups.

Susanne Strom 27 oktober 2011
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Derivation by Immuno-Surgery

» Pronase to remove the ZP

» Immunosurgery will remove the trophectoderm, rabbit anti-
human whole serum and guinea pig complement serum.

Susanne Strom 27 oktober 2011
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Derivation by Mechanical Isolation™
of ICM

ZP is removed with
sharp needles and
the ICM is cut out
and placed on
feeder cells or ECM

= Laser dissection has
also been published

Strom et al. 2007

Susanne Strom 27 oktober 2011 5
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Induction of Pluripotency
3 Nuclesrtransfer /? = Cloning/SCNT
‘\/, | - = Briggs and King 1952, (tadpoles).
Coote N\ cotgsin _ & _}f\ =  Dolly the sheep. Wilmut et al.,
g > PA g "Ving 1997
- e = The first cloned mouse in 1998.
Wakayama et al.
b Collfusion 7 0 £ ® = Cell fusion. Ex. Mouse muscle cell
AT fused with human amniotic cell and
i . resulted in heterokaryon expression

o human muscle proteins (Blau et al.,
Same-sze::;s, 4 -ed~spec.es, ] 983! ] 985)
euploic hybrids  aneuploid hybrids . . . .

= Transcription factor induction

Cell division == )
DNA reglication o4 b

PS cell
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Induction of Pluripotency

Day 0 Day 4

Day 10 (p.0 ChiPS 22) HESC: HS475, 5 days post derivation
Rosita Bergstrom

Susanne Strom 27 oktober 2011
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hES cells vs hiPS cells i

» hiPS cells: No embryo destruction
» hES cells: Less manipulation
» hiPS cells: Patient specific

» Both can be used for disease modeling, but hiPS
cells can be made from any disease. hES cells can
be derived from PGD embryos.
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Morphology and Function™

» Continuously self-renewing

High levels of telomerase activity up to 300 passages

v

Ability to form any adult cell (higher plasticity than adult SCs)

v

Unlimited source of specific cell type

v

v

Provide a tool for studying the molecular mechanisms
- Early embryonic developmental pathways

- The pathological basis of genetic disorders

- Toxisity testing

- Drug screening

Susanne Strom 27 oktober 2011
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Y o Wesm e Opucs

» Express high levels of telomerase activity

» Should be able to diffrentiate into all three
germ layers (endoderm, ectoderm and
mesoderm) /n vivo and /n vitro.

» hESC form relatively flat and compact
colonies with sharp borders, large nucleus,
small cytoplasm and

prominent nucleolous
» Should have normal
karyotype
» A population doubling
period takes 24-36 h |

Susanne Strom 27 oktober 2011 10
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Characterization of hPS cells

hiPS cells should
express
transcription
factors; Oct-4, Sox-
2, Nanog

Supface antigen;
SSES3/4, TRA1-60
and TRA1-81

Negative for SSEA-1T

Embryoid bodies
(EBs)

Teratoma formation

Susanne Strom 27 oktober 2011 12
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Characterization of hPS.clewl"I*_s

In Vivo differentiation. hESC are injected
subcutanously into SCID (severe combined
immunodeficiency) mice and teratomas are
formed of all three different tissue types, endo-,
meso- and ectoderm.

(a) mesodermal cartilage (C), bone formation (B)
neural tissue (N). (b) Immature cartilage
(C)surrounded bya perichondrium.
(c)intramembranous type bone (B) and a ganglion.
(d) Focal aggregation of cells resembling a
ganglion(N). In (e)—(g), a cystic structure is shown
lined by cuboidal to columnar epithelium. (e) Note
an area of epithelium (Ep) showing squamous
differentiation and (f) and (g) is the neighbouring
smooth muscle. Respiratory type (R) goblet cells
stain positive with Periodic acid Schiff

Susanne Strom 27 oktober 2011 13
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Challenges for the use of hPS cells

= Teratoma formation
= Improved protocols for differentiation
= Removal of pluripotent cells
=  GMP production
= Rejection of implanted cells
= hES cell for cell therapy will require lifelong immunosuppression
= Enginering of hES cells for tolerance
= Large scale production

Susanne Strom 27 oktober 2011
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Regulations in Norway

= Since 2008 it has been legal to do research on surplus embryos fron IVF and
on hES cells in Norway. (Bioteknologiloven)

= Surplus embryons can only be used for reseach if;
= Reseach intended to improve methods and techniques for IVF

= Reseach intended to improve methods and techniques for PGD
= Achieve new knowledge regarding serious human diseases
= Not allowed to produce human embryos for reseach in Norway

= Research on embryos must not be made later than 14 days after the egg was
fertilized. The time embryos are stored frozen is not included

= Research involving genetic changes that can be inherited in humans, is not allowed

\M
WY

Susanne Strom 27 oktober 2011
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