Stem cells
— state of the ART

Pluripotent stem cells in ART —
how far are we?

Peter Kragh

SPIREN FERTILITETSKLINIKK
&
FERTILITETSSEKSJONEN, ST OLAVS HOSPITAL



Today:
- Stem cells: origin, development

- Embryonic stem cells
- Induced pluripotent stem cells

- Cloning
- Therapeutic cloning (human)
- Reproductive cloning (animals)

- Generation of gametes “in vitro”






The stem cell - Regenerative medicin




The three characteristics of stem cells

P
(3) Egg/Sperm "Stem cells &5 (1) Self renewal

(2) Immortal

(3) Blood cells etc.
(3) neurons

(3) Muscle cells

Stem cells have many similarities with cancer cells



“Ski-map” for cell differentiation
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Stem cells and somatic cells:
SAME GENOME
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Stem cells and somatic cells:

9 CpG methylation

Same genome (DNA sequence) — DNA

different epigenome

Epigenetics: turn genes on/off
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Stem cell therapy
regenerative medicine:

Stem cells replace diseased tissue:

Hematopoietic diseases:
Bone marrow transplantation — leukaemia

Pluripotent stem cells — differentiate into all
cell types

How do we get hold of them....



Three ways to pluripotency:
Embryonic stem (ES) cells:

1. Obtained directly from inner cell mass
of the blastocyst

Reprogrammed stem cells / Nuclear
reprogramming:

2. SCNT somatic cell nuclear transfer

3. IPS cells induced pluripotency



Embryonic stem ceIIs: pluripotent
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IPS cells: induced pluripotent stem cells
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Pluripotent stem cells

ES/IPS cells
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Pluripotent stem cells and
tissue compatibility:

1. ES cells from embryo
— limited immunological match

2. IPS cells from skin cells
— complete IiImmunological match



Therapeutic cloning:

Production of patient specific embryonic stem
cells with complete iImmunological match



Therapeutic cloning
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Reproductive cloning
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-23% of cloned embryos developed into blastocysts
-ES cells were derived from 50% of cloned blastocyst




Mitalipov et al 2013: human therapeutic cloning




Patient specific stem cells In
regenerative medicine

Still, limited clinical use of...



Cloning by somatic cell nucear transfer 1997:
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SCNT: Reproductive cloning in animals
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Handmade Cloning
HMC
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The first Handmade cloned pigs....
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Fibroblasts from the donor pig













Enucleation by bisection
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Fibroblast attached to cytoblast




Fusion of cytoblast and fibroblast




In vitro culture in micro-wells (WOW)




Cloned pig blastocysts
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Embryo transfer to recipient uterus




3 months and 3 weeks later...
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1000 MIl oocytes
2x70 blastocysts
1 litter.

“epigenetic reprogrammings
errors”



Embryology group at University of
Arhus:
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Embryo Transfer, Copenhagen
University:
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Atherosclerosis group at University of
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Generation of egg and sperm from
pluripotent stem cells:

1. MEIOSIS
2. EPIGENETIC REPROGRAMMING

3. In vitro differentiation of stem cells to
gametes?



DNA methylation and development
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Developmental Cell 77, 125-132, July, 2006 ©2006 Elsevier Inc. DOI 10.1016/j.devcel.2006.05.010

In Vitro-Differentiated Embryonic Short Article

Stem Cells Give Rise to Male Gametes

that Can Generate Offspring Mice .
Nayernia et al. 2006

ES cells Spermatogonal MALE
stemcells ... GAMETES

BMP4

OFFSPRING

Limited survival



Reconstitution of the Mouse Germ Cell
Specification Pathway in Culture
by Pluripotent Stem Cells
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Oftspring from Qocytes Derived
from in Vitro Primordial Germ

Cell-like Cells in Mice
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Blastocyst

Pluripotent
ESC\‘ stem cells

Spermatogonial Round
stem cells spermatids

Pre-meiotic Post-meiotic
spermatocytes spermatocytes

Fig. 1. In vitro culture induces germ cell differentiation of human
pluripotent stem cells (hPSCs). The hPSCs differentiate into spermatogonia,
spermatocytes, and haploid spermatids. Haploid spermatids have uniparen-
tal imprints similar to fertile human spermatozoa (Easley ef al. 2012b).

Easley et al. 2012




Pluripotent stem cells In ART —
how far are we?

-Regenerative medicine:
- ES/IPS cells are produced and differentiated
In Vvitro.
- Still, limited clinical use.

-Production of germ cells from pluripotent stem cells
- Promising results in mice.
- Still, therapeutic application is not possible.

- Ethical issues....



