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Enfermedad y Envejecimiento




Embryonic Stem Cells or iPS cells ===p  Adult Cells

Development of specialized cells

Cell, Tissue and Organ Generation in Vitro



Cardiomyocytes




Organoids
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Cell, Tissue and Organ Generation

In Vitro In Vivo
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Interspecies Chimeras: Rat Mouse

Mouse or Rat?

Wu et al, Cell, 2017



Interspecies Chimeras:
Rat Mouse




Blastocyst complementation: Rat / Mouse

Rat Pancreas in a Mouse



Blastocsyst complementation Screening \.

creening

GENE NAME LINEAGE GENE NAME LINEAGE
Osr1 Kidney Foxal Liver Foxc2 Endothelial
L1 Kidney Foxa2 Liver Foxo1 Endothelial
Pax2 Kidney Gata4 Liver Ets1 Endothelial
Pax8 Kidney Gatatb Liver Fli1 Endothelial
Wit1 Kidney Hnfla Liver Etv2 Endothelial

Foxd1 Kidney Hnf1b Liver etsrp Endothelial
Hox11a Kidney Hnfda Liver Rbpj Endothelial
Hox11b Kidney Hhex Liver Hey1 Endothelial
Hox11c Kidney Prox1 Liver Hey2 Endothelial
Eyal Kidney Tbx3 Liver Prox1 Lymphatic
Six1 Kidney HNF& Liver Mef2c Heart
Six2 Kidney Runx1 HSC Nkx2.5 Heart
wWnt< Kidney Tall HSC TbhxS Heart
Fgfg Kidney Lmo2 HSC Gata4d Heart
Bmp7 Kidney Tel HSC Isi Heart
Notch2 Kidney Gata2 HSC Tbhx1 Heart
Pod1 Kidney Foxcla Endothelial

Kidney Endothelial




Chimeric Heart

Nkx2.57- + rPSCs

*




Chimeric Eye

Knockout (KO) KO+

Wau et al. Cell 2017



Rat-Mouse Chimeric Organs

Brain Heart Intestine Kidney

Lung Pancreas Spleen ' Liver



Blastocyst / Foster Mother
Determines Chimera Body Size




Chimeric contribution of Human PSCs to pig embryos
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1. Check fluorescence
2. IHC analyses
3. Genomic PCR analyses

zygotes

BL injection
(3-10 cells)

Female recipient

Pig embryo
(Day21-28)

Experiment
batch1
batch2
batch3
batch4

# Donors | ZG/PT
15 71
15 160
6
13 54

BL from ZG/PT

48
146

48

BL from 2C

106
56

#injected BL
154
202
91
48

#Transferred BL
143
203
82
48

batch5
batch6

13
14 66

92
50

135
108

237

batch7
batch8
batch9

10 42
49

37
35

99
55

270

batch10
batch11
batch12

14
10
47

10
5
43

104
39
43

batch13
batch14
batch15
batch16
Subtotal

46
60
202
213

167 1298

40
48
171
151
1052

82
50

82
50
220
408

Wu et al.183/4

Efficiency of IVC %

81

2017 95

batch17
batch18

PT 100
PT 41

100
41

100
41

Total

1439

1193

2075

2C, 2-cell embryo; ZG, zygote; MO, morula; BL, blastocyst; PT, parthenote




Chimeric contribution of Human P5Cs to pig embryos

Low post-implantation
interspecies chimerism

Wu et al, Cell, 2017



Evolutionary Distance

Mouse / Rat 21 Pig / Human 100 MYA




Engineering developmental compatibility across species

Compatible signaling system

Compatible signaling system

In frame fusion of human ligand homolog to
the pig loci (TGFbeta, Hedgehog, Wnt,
JAK/Stat, RTKs) or human receptor fusion
(Notch).

Engineering of porcine promoters of
angiogenesis such as VEGF, FGF-1 or PKG
receptors into human organoids



Enhancing Chimeric Competency

1°  Transfection
OCT4-DE

Chemical libraries
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Primele9
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Enhancing Chimeric Competency

Current Protocols Yang et al. Cell



Enhancing Chimeric Competency

Single mEPS Oftspring of single Single mEPS
-derived chimeras mEPS-derived chimeras -derived mice by
ietraploid complementatio

Yang et al. Cell



EPS cells: Other species

Late-stage epilblast

Early-stage epilblast

Sheep EPS cells Pig EPS cells Rhesus EPS cells




Xenotransplantation: Immune compatible Pigs +
Human Pig Chimeras
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Rat-Mouse chimeras: Gall bladder

Cystic Duct
Gallbladder

Pancreatic Duct

Wu et al., Cell, 2017



Rat - Mouse olfactory sensor neuron complementation

1ey/1dva

With Baldwin Lab



The Lesser Egyptian Jerboa, Jaculus jaculus:

Evolution and Organ Development

. Bipedal

e Three-toed

. Long hindleg

. Elongated and fused three central metatarsals

With Kim
Cooper



Organ Aging & Organismal Lifespan

- Do specific organs drive organismal aging ?

- How aging in a specific organ interact with other organs to elicit organismal aging ?



Premature Aging Mouse Models

Progeria
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Organ Complementation

Premature Aging PSCs (Progeroid Mice)

Premature aging organ growing in a normal aging host



Targets of Blastocyst Complementation

Ectoderm
Premature Aging Germ Layer: Endoderm

Mesoderm

Brain

Skin

Liver

Pancreas

Spleen
Premature Aging Organs:

Thymus

Heart

Muscle

Bone Marrow



Organ Complementation:
Naked Mole Rat and Mice/Rats

Naked Mole Rats PSCs Naked Mole Rat Longevity:
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Up to 30 years!!!
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Genetic and
Epigenetic
Cellular Strategies Strateg es




Gene Editing in dividing and non dividing cells




DNA: Nuclear & Mitochondrial

Mitochondrial

XKXXXXX
XXXXXX
KXX XX

Nuclear
DNA
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1:200 Female Carrier



Heteroplasmic Shift

Disease Healthy



MtDNA Heteroplasmic Mouse: NZB/BALB

Different
Nucleotide



Heteroplasmic shift in NZB/BALB mice

— NZB

MRNA Injection: E

Reddy et al. Cell



Analysis Mitochondrial Disease Patient Oocytes

* Female carrier m.8993T>C mutation — NARP / MILS

34 yearsold

* Family history of mitochondrial disease

Oocytes from 8993T>C patient

Wild Type ----
Mutant ----




Clinical Disorders Caused by Mutations in mtDNA

1:200 Female Carrier

Diabetes mellitus and deafness

Myoclonic Epilepsy

Mitochondrial myopathy

Leber's optic neuropathy

Leigh disease

Mitochondrial encephalopathy




DNA: Nuclear & Mitochondrial

Mitochondrial

XKXXXXX
XXXXXX
KXX XX

Nuclear
DNA




MYBPC3 Mutation:
Sudden Arrhythmitc Death Syndrome




Control S-phase

* Low Efficiency
* Mosaicism

e Off-Target Mutations

Ma et al. Nature 2017



» 7000 Monogenic Diseases

Correction in Human Embryos by CRISPR-CAS9

Heterozygous mutations:
Hereditary Cancers
Marfan syndrome,

Huntington’s disease,

Tuberous sclerosis

etc.



Gene Editing in dividing and non dividing cells




DSB repair: HR vs. NHEJ

Re-Writing the Genome
Site-specific nuclease (ZFN, TALEN, CRISPR/Cas9)
Knockout
*Knock-in
Gene correcEQn

Cytokinesis

Knockout



HITI (NHEJ): Brain (in vivo)

o ~

Tubb3(Tuj
)-GFP Suzuki et al. Nature December



Retinal degeneration
model rat

nigmentosa

LETTER

doi:10.1038/nature20565

In vivo genome editing via CRISPR/Cas9 mediated

homology-independent targeted 1ntegrat10n

Keiichiro Suzuki'*, Yuji Tsunekawa“*, Reyna Hernandez- Be i 56 Euiseok J. Ki
Fumiyuki Hatanaka', M: xl\u\nmmnlu, Toshikazu A ' i Tomoaki |
, , Xin Fu”
Concepcion Rodr 'z E an’, nim ajara’, E i > ](]l' , Pedr
Josep M ) , Fu atsuzaki?, 1g-Hui Lin!*151617 pierre Magistretti®, Kun Zhang®, Edward M. Callaway’,
Kang Zhar an Carlos Izpisu: monte'
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Homology-independent targeted integration
(HITI) in vivo

Brain Heart Muscle
i N \
1 . { “\\\ a
jz, ‘ ’L \&/ \\ ; ‘
¥ /<" e \\\ -
4 l b \Q\v } |
a0 \




Aging is the major risk factor for most human diseases

100000 -

10000 - Heart disease
_ > Cancer
1000 2 Stroke
100 - Z Emphysema
y Pneumonia
Diabetes
Accidents
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Progeroid Syndromes

Hutchinson-Gilford progeria syndrome

Progeroid Mouse HG

G608G (GGC%GGT) Loéz Otin et al.
MUTATION in LMNA GENE:




HITI Ameliorates Progeria In Vivo




Our Genome: Our Identity, Our Destiny ?
The Epi-Genome
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Cellular reprogramming:

Adult Cell Embryo Like Cell

Takahashi et al., Cell, 2006, 2007



Reprogramming of progeroid mice

Reprogramming

4 Yamanaka Factors

6 8 10 12 14 16 18 20 22 24 26 28 30

30-40 % Increase
in Life Span

Ocampo et al Cell December 2016



Tissue Specific Rejuvenation by Reprogramming

Kidney Pancreas

Six2-Cre Pdx1-Cre
Podocin-Cre
Pax2-Cre
Muscle
PaX7-CI’e Myh6'Cre
~ Camk2-Cre
Glast-Cre,
K14-Cre Thy1-Cre,

Th-Cre



Rejuvenation of the Locomotor System




Improved regeneration of muscle in
WT animals bv Yamanaka Factors
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Partial Reprogramming of chondrocytes in vivo

In vivo

+DOX -DOX

Cyclic 4F expression in vivo increased
3weeks chondrocyte cell number

pS# "+ 'DOX v. ., | Sox9
' 1 Col2a

; . . * R 4 6. ; " . . . .
% 3 b b, W7 R & 4F expression in vivo increases
“d 50 PR B0 G chondrocyte markers maintenance




Genomic DNA

NI 4D

Target sequence

Guide RNA

sgRNA-guided
DNA targeting

CRISPR-Cas9 and Genome Editing

Repurposing CRISPR-Cas9
for Epigenome Editing : TGA



TGA in Vivo




TGA enables phenotypic transformation in a mdx mouse in vivo

0 | —

Muscular Dystrophies gMock  gFst-T2
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Liao et al . Cell



Cartilage and Bone Aging disorder:
Osteoarthritis

OSTEOARTHRITIC KNEE

HEALTHY KNEE JOINT

Healthy
femur bone

Healthy
articular
cartilage

Healthy
tibia bone
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Degenerated
articular
cartilage

Spurring
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DGCRS alleviates osteoarthritis

Control OA OA + DGCRS8




Prophylactic Interventions of disease pathogenesis

in a mouse model of acute kidney injury: IL-10 and Klotho

Cisplatin nephrotoxicity

AAV-gRNA

B Tubular necrosis

-
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|

E Tubular dilation

RN
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|

Mock IL-10 Klotho

Liao et al Cell
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Epigenetic reprogramming of Aging by TGA approaches

Young Old

Yamanaka Factors

Transdifferentiation factors

Dedifferentiation factors

g




Advantages of TGA system

No DSB n No’F Eirvmanent
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Size limitation
TGA

No limitation
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Closer to native epigenetic environment Target multiple genes and cell types

4.7 Kb




Epigenome editing through induction of DNA methylation

CpG island
. . | |
- ) o
Integration of Cp(.} free DNA.lnduces. \§\§‘&éul\i”“\a§““@&\°\
de novo methylation of CpG islands in
pluripotent stem cells
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Takahashi et al., Science, 2017
De novo DNA methylation

of targeted CpG island
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Unmethylated CpG island

Differentiated De novo DNA methylation
Induction of de novo Establishment of cancer-related epimutation

DNA methylation

Correction of aberrant imprinting syndromes



Stable, Induced and Transmissible Methylation

Targeted Changes in Methylation in Embryonic, Neonatal, Adult, Aged and
Diseased cells: Differentiation, Self-renewal, Senescence,
Neurodegeneration...etc

Targeted Changes in Methylation in Anti-aging Regimes: Calorie Restriction,
|GF, Rapamycin...etc



Reversibility of Aging and Disease

Chimeras

Genetics

Epi-Genetics
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