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ALTERNATIVE
SouRrCEs oF HumAN
PLURIPOTENT STEM

CELLS

A WHITE PAPER

The President’s Council on Bioethics http://bioethics.gov/reports/white_paper
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R Alternative sources of Gl
human Pluripotent Stem Cells

Biological artifacts

: Somatic Cell
Embryofree strategies ‘ _
Reprograming
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R Alternative sources of Gl
human Pluripotent Stem Cells

Organismically
died embryos

Embryofriendly strategies ‘ _
Blastomere Biopsy




/Y Embryonic and extraembryonic stem cell lines &
derived from single mouse blastomere

Fertilizate
d oocyte

Blastocyst
X}{ Single blastomere biopsy
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Aggregation .
with GFP- Pluripotent ESCs

Trophoblast Stem Cell Lines

7 (5.6%)

Chung Y et al. Nature 2006; 439: 216
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Human Embryonic Stem Cells g
derived from Single Blastomeres

@ @ @

Fertilized 8-10 Cell Blastocyst
oocyte Embryo
—_ — ©)
N=16 N= 6%) Disaggregated embryos
e e
® — 80 ®
o o o0
Single
Blastomere .
co-Culture Pluripotent ESCs
with GFP-ESCs
N=53 2 (3,8%)

Klimanskaya I et al. Nature 2006; 444:481
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;- Human Embryonic Stem Cells g
derived from Single Blastomeres

Blastomere-derived outgrowth close to a Morphology of blastomere-
colony of GFP-positive hESCs derived hESC colonies

Klimanskaya I et al. Nature 2006; 444:481
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Efficient establishment of mouse embryonic stem

7t cells from single blastomeres and polar bodies

2-Cell 4-Cell

8-Cell

MEFs
HES medium (KoSR+ACTH)

Wakayama S et al. STEM CELLS 2007;25:986
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__Efficient establishment of mouse embryonic stem
#r cells from single blastomeres and polar bodies

Table 1. Effect of the developmental stage of the embryo on embryonic stem cell establishment from blastomeres

No. of
Genotype of Stage of hlastomeres
Origin of cells embryo hlastomere used Established ES cell lines
No, %
Blastomere i Two-cell 23 6 >60°
Early four-cell [10 4 >4
Late four-cell 60 3 >0
Eight-cell 83 |2 >¥
GFP Two-cell 20 10 > 30
Early four-cell 1 2 >R
Eight-cell 30 5 16
Control F2 Blastocyst 16 14 @

Wakayama S et al. STEM CELLS 2007;25:986
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Human Embryonic Stem Cell lines -
generated without embryo destruction

Divided blastomere seeding with
MEFs in drops system without
OD) GFP-ESCs

+ Laminin/Fibronectin

1/2 (50%)

>V >

600\ Biopsy ® 60 Culture

020 020

6-8 Cell

Embryo C(i'zc_uzlzl#e 3/15 (20%)
o o Divided blastomere seeding with

MEFs and co-culture with GFP-ESCs in
, @ O)) drops system

) () + Laminin/Fibronectin

1/26 (3.8%)

Chung Y et al. Cell Stem Cell 2008;2:1
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Human Embryonic Stem Cell lines o
generated without embryo destruction ~

PR

Chung Y et al. Cell Stem Cell 2008;2:1

- Laminin + Laminin
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Derivation of human embryonic stem cell lines from
Y biopsied blastomere on human feeders with a G
minimal exposure to xenomaterials

OO\ iops OO ulture
&B) - 3 &)

(6) 6-8 Cell
embryo G1-G2 24h @

PD6 HFF — @ o
DO D3 D5
+ Laminin + hLIF+ hbFGF HESC medium + 10% FCS

+ hLIF + hbFGF

Dusko | et al. Stem Cell Dev 2009; 18: 1343
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Derivation of human embryonic stem cell lines from
%" biopsied blastomere on human feeders with a &2
minimal exposure to xenomaterials

alone
not divided

PDG

BLASTOMERES DIVIDED ATTACHED OUTGROWTH LINES
PD6 HFF 4 2(50%) 2 (100%) 2(100%) 1 (50%)

Dusko | et al. Stem Cell Dev 2009; 18: 1343
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Derivation of human embryonic stem cell line o
from single biopsied blastomere at Valencia
Stem Cell Bank

Project 3:
Derivation of hESCs maintaining embryo viability

Approved by:
Commission of Follow-up and Control
of the Donation of Cells and Human Tissues
of the Institute of Health Carlos III

December 13th, 2006,
Permission to use 180 embryos
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Vitrification

PD6-10 human FSK

+ Laminin/Fibronectin

HESC medium + hrbFGF



Derivation of human embryonic stem cell line from
r‘65|ngle biopsied blastomere at Valencia Stem Cell&
Bank. VAL-10B

SINGLE

EMBRYO BIOPSIED DIVIDED ATTACHED OUTGROWTH CELL
MORPHOLOGY BLASTOMERE BLASTOMERE LINE
8
(o)
G II 8 6 (75%) (100%) 6 (75%) 1 (17%)

13
0
G III 13 7 (34%) 100%) 1 (8%) 0
G IV 7 2 (29%) 4 (57%) 1(14%) 0O
28 15 (54%) .2
TOTAL (89%) 8 (32%) 1 (6%)
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6-8 Cell
embryo

VAL-11B

Biopsy

Culture without
embryo
24 -48h

&®

human
FSK (PD6- -t
10)

DO

+ Laminin/Fibronectin
or

+ Laminin
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Biopsied Blastocyts for
embryo vitrification
@ S
D3 D5
+ hrbEGF HESC medium
+ hrbFGF



VAL-11B

0
Cotor)
SRy

SINGLE DIVIDED FACTOR

EM:RYO BIOPSIED BLASTOMERE Laminin Laminin ATTACHED OUTGROWTH LINE
BLASTOMERE CULTURE F'b"‘:‘ec“
3 3 A(*) 1 o 0 n/a
3 3 A 3 O 0 n/a
66,7%
3 3 A-B 1 ) 3 3 0
3 3 A-B 0 O 0 n/a
16.7%
3 3 B (*) 0 ) 1 1 0
3 B 1 o 2 1
3 (66,7%) 1(50%)  (50%)
16,7%

A: Cleavage Embryo
Medium

B: Blastocyst Medium
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Registered Cell Lines at Spanish Stem Cell Bank
l‘%‘ (http://www.isciii.es/htdocs/terapia/terapia_lineas.jsp) @

Colony Last passage
i Embryo
CellLine y Morphology Criovials
Whole normal blastocyst stage embryo 80
- 10X, P42
VAL-3 (46,XY) derivation in human foreskin 29 CV
Whole normal blastocyst stage embryo 54
- 10X, P40
VAL-4 (46,XX) derivation in human foreskin 38 CV
VALS Whole normal blastocyst stage embryo | 10X P43 49
(46,XX) derivation in human foreskin ’ 37CV
Whole monogenetic affected embryo 49
VAL-6M derivation (DM Typel) 10X, P45
. . 29 ¢V
(46,XY) in human foreskin
Derivation from ICM isolated by laser 65
- 10X, P22
VAL (46,XY) in human foreskin - 18 CV
Whole normal blastocyst stage embryo 22
- 10X, P6
VAL-8 (46,XX) derivation in human foreskin 30Cv
Whole normal morula stage embryo 55
VAL-9 10X, P6
(46,XY) derivation in human foreskin - 43 CV
Derivation from single 55
VAL-10B biopsied blastomere (46,XY) 10x, P13
. . 39 ¢V
in human foreskin
Derivation from single 55
VAL-11B biopsied blastomere (46,XX) 10x, P15
. . 46 CV
in human foreskin
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5 Characterization
1. Morphology

VAL-3 VAL-4 VAL-5 VAL-6M

VAL-10B VAL-11B
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X Characterization o
3. Imprinting
VAL-3 VAL-4 VAL-5
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75 Characterization
4. Karyotype
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2o Characterization Gia

5. Telomerase activity

VAL-3 VAL-4 VAL-5 VAL-6M VAL-7 VAL 8 VAL-9

VAL-10B VAL-11B
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Characterization

6. Gene expression & $o NN
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Characterization

7. Immunohistochemistry

VAL-3

VAL-4

VAL-5

VAL-6M
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VAL-11B
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Characterization

8. In vitro differentiation
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Characterization

9. In vivo differentiation
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R Molecular Analysis (ke

VAL-10B, VAL-11B
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__Expression profiles
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- 2 9
— — [} -~ e} o o o B T L o
[ [ 1 1 [ 1
=} =} = =] =} =} = ! = = = =
g g £ g g &£ g F g F § 8

cD9
COMMD 3
CRABP 2
DD¥21
DIAPHZ2
DHMT 3B
DPPA4
DPPAS
DsSG2
EDHREB
EIF4Al
ELOVL6G
EPRS
FGF4
FGF5

STEMNESS

FOXD3
GABRE 3
GAL
GBX2
GDF3
GRBT
HDACZ2
HMGE 2
IDH1
IFITHM1
IFITHMZ2
IL6ST
KIT
KLF4
LEFTY1
LIFR
LIN28
HAWOG
NANOS1
HODATL
HOG
NR5A2
NR6AL1
HUME
PODXL
POUSF1
PTEH
REST
RPL4
SATLL4
SEMA3A
SFRP2
50¥2
TDGF1
TERF1
TERT
TFCP2L1
THY1
UTF1
XIST
ZFP42

<

DIFFERENTIATIO

v

INST
UHIVERS|

VR TVIESNT

KRT18
CDX 2
EOMES
GATA6
LHCGR
CGB2
TEADA
cDH24
ESRRB
EZR
CEB
GCM1
KRT1
NEUROD1
HES 4
PAX6
GFAP
ISL1
TH

SYP
oLIG2
AFP
SERPINAL
LAMC1
LAMAL
FH1
LAMB1
SOX17
PTF1A
FOXA2
GATA4
TAT
PAX4
SST
INS
PDX1
GCE
AMY1C
IAPP
PECAM1
CDH5
cp34
FLT1
TEX1
Wrl
MYF5
MYOD1
DES
NEPA
ACTC1
HEB
HBZ
RUHX2
coLlal
coL2al
REH
pDX 4
SYCP3

IMPRINTING

VAL-10E =
VAL-11BE
VAL-5
VAL-T
VAL-8
VAL-S

IPW
SNRPN
KCNQ1O0T1
PEG3
IGF2
MEST

H19

MEG3
SLC22A18
DNMT1
DNMT3A
DNMT3B
GRB10



5 Functional analysis -

KEGG ANALYSIS

oVER-represented | UNDER-represented
UNDER-represented |GGG 0V :R-represented

23 of annetated genes
llil' 2Iﬂ' 4ID EID ﬂ'll'.' Ibﬂ
Ribosome [
Propanoate metabolism [— 3vs 2
beta-Alanine metabolism [ Morula vs ICM origin

Methionine metabolism |
Clycerolipid metabolism [INEEEEE——

Over/Under term representation in KEGG

oVER-represented NN UNDER-represented
UNDER-represented |GGG CVER-represented

% of annetated genes

] 20 el (1] B0 100

] SMARE interactions in vesicular transport

] Cytokine-cytokine receptor interaction
[ clyceralipid metabalism
[ clycosphingolipid biosynthesis - neo-lactoseries
[ Bisphenol A degradation

[N hsan0E24 2 VS 1

[ Ribosome

[ Propanoate metabolism ..
gt i ICM vs Blastomere origin

[ Glycolysis f Gluconeogenesis

Over/Under term representation in KEGG
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% Differences between Stem Cell Types g

Blastomere Whole
_derived embryo- Partenoge : Adult Cord
hESC derived nic hESC SC blood SC
hESC
UNLIMITED
PROLIFERATION yes yes yes yes no no
NATURAL GENE q
REGULATION es es no n es es
(IMPRINTING) y y / y y
PLURIPOTENCY yes yes yes yes no no
UNMODIFIED yes yes yes no yes vyes
P Rvo yes no yes yes | yes yes
metim
TINocomMPA yes SO zt €l  vyes yes | yes yes

Ideal for use in:
- cell therapy

- embryo toxicity screening
- drug discovery
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Derivation of hESC lines &
mantaining embryo viability

Derivation from single blastomere constitute an
alternative method to overcome controversies that
involves the original procedure concerning the
destruction of human embryos.

Currently this strategy has been prooven efficient in
rodents and humans.

‘We have derived two hESC from single biopsied
blastomere maintaining embryo viability ( N Engl J Med
2009).

‘hESC derivated from single Dblastomere have similar
phenotype and genotype as those derived from morula and
blastocysts st IV
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