Successful replacement of animal models:
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(Swiss National Statistics on animal research)
http://tv-statistik.ch/de/statistik/indemaghflom US AWA(1966) Reports, 1973-2015



3Rs :Reduction, Replacement and Refinement

Alternative assays simply can’t model complex biological systems yet
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Types of Stem cells

Stem cells in science:

Origin : “Stammzelle”, Ger Ensiiddacekah(acekel, 1868)

identify the earliest germ

ESC

3l embryos

MULTI
HSC NSC EpSC
OLIGO

e ©

CMP CLP



1981: First in vitro mouse stem cell line

Isolation of a pluripotent cell line from early mouse embryos cultured in medium
conditioned by teratocarcinoma stem cells.

Martin, 1981 (PNAS)

John B. Gurdon (1962)

Dolly(1996) had developed prematurely arthritis & lung disease

Cloned mammals, including Dolly, have shorter telomeres than other animals of the same age

The 2012 Nobel Prize in Physiology or Medicine - Press Release". Nobelprize.org. Nobel Media



World Stem Cell Policy

m Permissive Policy: Allows
various |laboratory techniques to
create embryonic stem cell lines
including nuclear transfer /
research cloning and the extraction
of stem cells from embryos that
remain unused after in vitro
fertilization treatments (IVF)

@ Flexible Policy: Allows the creation
of stem cell lines from embryos that
remain unused after in vitro fertilization
treatments (IVF). Does not allow nuclear
transfer / research cloning

Restrictive Policy or No Established Policy
® Genome Sequencing Research Centers.
%California supports embryonic stem cell research through Proposition 71

Source: William Hoffman, MBBNet, University of Minnesota. For more detail, see: hitp://www.mbbnet.umn.edu/scmap. html
Published by the Monitor Company Group, Cambridge, Massachusetts, USA



Number of Grants Given: 2007-2013
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John B. Gurdon (1962)
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Shinya Yamanaka (2006)



Induction of Pluripotent Stem Cells
from Mouse Embryonic and Adult
Fibroblast Cultures by Defined Factors
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Retroviral transduction of fibroblasts to generate iPSC colonies
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Gene involved in reprogramming and stemness

Signalling

pathways and nutrients

LIF (Jak/Stat),
ascorbic acid,
TGFb, Gsk3, MEK,
BMP, Wnt

Histone methyl
transferases

Ezh2 (PRC2), Wdr5 (MII),
Dot1L, Setdb1, Suv39hi,
Suv38h2, G9a, Ehmt2

Architectural Histone
proteins 'Sox: : demethylases
: ' sk Jmjdla/b, Jmjd2b/2c,
“ﬁjﬁgﬁ‘,’,’ Jhdm1la/1b, Utx, Uty,
i @ Jmjd3
transcription ~—
factors
_/

RNAs and RBPs

Lin28, Ago2, miR-290-295
miR-302-367, miR-200c,

IncRNA-RoR,
let-7, miR-34
DNA methylation
Tetl, Tet2,
AID, Parpl

Dnmtl, Dnmt3a

D

ppa2 )

@

Histone variants
—

H1foo, H3.3, H2A.Z,
macroH2A

Chromatin
remodellers

Brgl, Bafl55, Brm

(SWI/SNF), Chd1
Hdac1/Mbd3 (NURD)

Apostolou & Konrad Hochedlinger, 2013



Stem cell Vs Cancer cell

Induced pluripotency Oncogenic transformation

Stabilization of pluripotency Irreversible transformation

@>

Intermediates Intermediates
Pluripotent Malignant
State. : + Oncogenes state
+ OKSM (normal, diploid) ;UT;?;&; (abnorln-!ah
genes aneuploid)
i {J . . . &} . O -
~  Epigenetic barriers i ~  Epigenetic barriers
Somatic Normal
state state

Some epigenetic regulators and histone modifications have been shown to have opposite roles during
reprogramming and malignancy.

Loss of Tet2 causes myeloid transformation in mice (Moran-Crusio, K. et al. 2011), consistent with a tumour
suppressor function, whereas depletion of Tet2 protein abrogates reprogramming (Doege, C. A. et al., 2012).

H3K79 methyltransferase DotlL promotes leukaemia formation induced by MLL-AF9 translocations, although it prevents
iIPSC formation



Chromatin dynamics during cellular reprogramming

"Somatic program
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Potential of iPS cells technology.

Pit falls prev@htmg fung@@iential of IPS cell system:

Reprogramming Induction of
Blopsy faclors pluripotency
1. Early reprog done with r lentivi ts ousgnhcogene expression
M{b ’alb
Adult cells ‘ \ %,
- Footprint freer pro MMING (e g skin fibroblasts) u-
4
! ) ;
Donor/ \ { IPS cells
Patient | | (resemble embryomc
2. Controls, controls, controls (qenetlc background & u nce the severity of disease)
Transplantation of
corrected cells :

-Isogenic controls

3. Microenvirontt

-Organoids Disease models for drug discov

and compound screening
M. Rossbach
Eli et al., Cerebral organoid derived from ALS

patient stem cells.
Image from USC Stem Cell.

4. Well refined cell lineage derivation procedures and acceleration of physiological ageing

- Small molecules and stress

http://www.eurostemcell.org/factsheet/ips-cells-and-reprogramming-turn-any-cell-body-stem-cell



Study:

Disease modelling



Cell Stem Cell

Global Transcriptional and Translational
Repression in Human-Embryonic-Stem-Cell-Derived
Rett Syndrome Neurons
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*Correspondence: jaenisch@wi.mit.edu

http://dx.doi.org/10.1016/].stem.2013.09.001

Rett syndrome (RTT)- monogenic X-linked neurodevelopmental disease

IS a rare genetic postnatal neurological disorder of the grey matter of the brain that almost
exclusively affects females

Huda Zoghbi (1999) Rett syndrome is caused by mutations in the gene MECP2



Flgure summary Conventional normalizing individual gene

expression to total RNA (MASS for Affymetrix)
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Generation of Isogenic Pairs of Control and MECP2 Mutant Human ESCs, NPs, and Neurons
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MECP2 Mutant Human Neurons Show Morphological and Electrophysiological Defects
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5hmC/5mC ratio
WIBR3 (NP)
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Reduced Protein Synthesis and AKT/mTOR Activity in MECP2 Mutant Neurons Were Rescued by BDNF and IGF1 Treatment

ﬁ Ribosomal proteins B =3 Control D
81 1.5- 1.5- _ 4B
S 2 Hl Mutant 2 <3
° ® i * R L
2 0 zm 23 s e z 8
s 04 —_ = £ 1.0 = £ 1.01 wo 10
YT e 1 1 =t
& @®© O @ O cC o
S 0 £ o0 T 9
2 1 £S5 £g B2
3 7 057 & 8 0.5 2o 05
= [ —4
3 T -2 52 L
) e ° e o®
R T g0 a @D oo
8¢ £ f g % % ' =l
Z & § Z2 & 5 NPs Neurons Neurons
o -« -— o (22} 2]
x ¥ x X 2
2 5 3 2 &I =
= 2 2 2 2 =
WIBR1-Con  WIBR1-Mut F  wiBR1-Con  WIBR1-Mut G H
& 60 i X 60
% il = Control §'
mm Mutant %
G40 5 40 m
R x
= S
220 22
D =
8 g
" - g ol LN
S WIBR1 WIBR3 S WIBR1 WIBR3
-~ WIBR1-Mut
| _— J -= WIBR1-Mut +BDNF K e
*x aw — WIBR1-Mut +IGF1 :
e g o7 o O] Conrol 12 o —~ WIBR3-Mut 2
{ = =
= M RACHEIrE S o 3 Si ~=- WIBR3-Mut +BDNF B R I
21004 g R -~ WIBR3-Mut +IGF1 2510 L
5 L 8 - ©L e
L LN 7]
g £ 6 1 \ £ §
5 = ) L R £ o0
? 50+ o \ S 5 0.5+
* o 4 p X 2 o
Fe) c O
E 2 C T 2
Z il S e
s ° 50 100 10 200 - Do-
N (\ \ & N o> O N
@ \@' 2
~N \\ W@ o‘\ £ Distance from soma (um) W@ QV‘Q X
2 Q¥ N
L WIBR1 WIBR3 "
60~ o 50+
g ? dek
& 2 . = Control & 404 = 1
. . | = Mutant g e L
5 407 e ° s 304 | e =
< *k = [}
= — ®
[ =
:‘5 20- g 20
8 8 104
= ©
% 2 o
N & oM (< N D LN X LN
KRR oS ; < @ \@ & CARA)
PESE KRN & W Q,O‘A\O W @oe\cg

WIBR1 WIBR3 WIBR1 WIBR3



PTEN Knockdown Rescues Protein Synthesis and Morphological Defects in MECP2 Mutant Neurons
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A model of MECP2-regulated gene expression in human neurons

F Wild-type Neuron G RTT Neuron

Limited JAR— > Global
Up-regulation : Down-regulation

Active genes Active genes
f 5mC Y 5hmC Reduced protein Synthesis;
Impaired AKT/mTOR activity;
Smaller soma and nucleus, reduced neurite complexity;

Lower spontaneous electrophysiological activity;
Impaired mitochondrial function.
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Brain-Region-Specific Organoids Using Mini-bioreactors for
Modeling ZIKV Exposure
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Zika Virus Disease:

Flavivirus
Aedes species mosquito

=~ "=~_ Typical
p ~ head size

\ . _ Baby with
Baby with Typical Head Size Severe Microcephaly

February 1, 2016, the World Health Organization (WHO) declared Zika virus a Public Health Emergency of International

Concern (PHEIC)



Figure summary

Forebrain Midbrain Hypothalamus

organoids organoids or

ganoids
SRR
Modelling human organogensis

Brain-region
specific organoids

Finding:

Suppressed proliferation,
increased cell death,
Macroscopic features resembling microcephaly

Disease

modeling
No ZIKV ZIKV ¥ VE

Cell 2016 165, 1238-1254DOI: (10.1016/j.cell.2016.04.032)
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12-well version Sp|nQ bioreactor (an early NASA-designed rotating wall vessel bioreactor to simulate microgravity)

Spinning

Motor Gear
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B du dual SMAD inhibitors

Above the cover,
spinning shafts are
attached to a set of 13
interconnecting gears,
driven by a single
electric motor
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t20 1o
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B-CATENIN . i 2 o Multi-layer stratified
- %y ' ' " structures

Intermediate
progenitor cells:
TBR2*

Neuron:
CTIP2

Cell 2016 165, 1238-1254DOI: (10.1016/j.cell.2016.04.032)



Correlation of Global Transcriptomes between Forebrain Organoids and Fetal Human Brain Development

Heatmap of Pearson’s correlation analysis of RNA-seq datasets
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Modeling Impact of ZIKV Exposure Using Forebrain Organoids
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The infection appeared less robust in D80 compared to that of earlier stages of organoids
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Key findings:

A miniaturized spinning bioreactor for cost-effective culturing of organoids
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ZIKV, upon access to the fetal brain, targets NPCs, decreases neuronal cell-layer volume and causes

microcephalic-like deficits in cortical development.

Both African and Asian ZIKV infect neural progenitors in organoids



Screen:

Drug target screening
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Drug Screening for ALS Using Patient-Specific
Induced Pluripotent Stem Cells
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Generation of ALS patient—specific iPSCs and iPSC-derived motor neurons.

A B Human dermal fibroblasts
Control ALS HDF A21 Neural cells
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Phenotypes of ALS iPSC-derived
motor neurons.

Naohiro Egawa et al.,

2012;4:145ral04

Sci Transl Med
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Substitute:

Transplantation and tissue replacement

Grafted tissues provide a necessary substrate for the formation of new learning
(rather than simply being necessary for the execution of the response) (Brasted et

al., 1999).

The patient requires to restore the lifetime of acquired motor skills and habits lost to
the disease process (D6brossy and Dunnett, 2001).



Cell Stem Cell

Successful Function of Autologous iPSC-Derived
Dopamine Neurons following Transplantation in
a Non-Human Primate Model of Parkinson’s Disease
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Contralateral functional Improvement of PD Motor Symptoms, Increased Dopamine Reuptake, and Reinnervation of the
Transplanted Putamen after Autologous Transplantation of CM iPSC-Derived Dopamine Neurons
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Phenotypes of Engrafted CM iPSC-Derived Neurons at 2 Years after Autologous Transplantation
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Treatment Paradigms for Retinal and
Macular Diseases Using 3-D Retina
Cultures Derived From Human Reporter
Pluripotent Stem Cell Lines
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» @

Development of neural retina and retinal pigment epithelium cells. (A) Neural retina (NR) and retinal pigment epithelium
(RPE) cells develop from the optic vesicle (OV) that emerges from the neural tube. Invagination of the optic vesicle, placing the
prospective NR alongside the prospective RPE, gives rise to the optic cup. Key transcription factors that regulate each
developmental stage and determine the fate of cell types in the retinal layers are listed. (B) Three-dimensional retina in vitro
can be generated by floating aggregates of PSCs, which form optic vesicles where NR and pigment mass (PM) develop. ONL,
outer nuclear layer; INL, inner nuclear layer; GCL, ganglion cell layer; PR, photoreceptor; GC, ganglion cell.



Three-dimensional retina derived from the CRXp-GFP H9 hESC reporter line
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In vivo differentiation of CRXp-GFP H9 hESC-derived retinal cells from 3-D cultures

CRX+/GFP+ cells formed polarized “rosette” structures with
the apical side facing inward based on phalloidin staining

A

cells were injected in the subretinal space of recipient adult C57BL/6 mice

. Phalloidin, DAPI

C

, Rhodopsin , S opsin , L/IM opsin



A PROMISING FUTURE:

First human transplantation of tissue derived from induced pluripotent stem cells

Kobe City Medical Center General Hospital implanted a 1.3 by 3.0
millimetre sheet of RPE cells into an eye 70 year old Japanese woman
who suffers from age-related macular degeneration

Masayo Takahashi (RIKEN Center for

Developmental Biology (CDB)), had developed and
tested the epithelium sheets

Two-hour procedure, four days after a health-ministry committee gave clearance for the
human trial

Monitoring the cells whether they prevent further destruction of the retina while avoiding potential
side effects, such as bringing about an immune reaction or inducing cancerous growth.

Nature doi;10.1038/nature.2014.15915



Thank you for your attention

I'm growing

mini human

brains from
stem cells.

Why? There's
no shortage
of mini human
brains.

Search




