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Is it possible to generate ES cells without destigpembryos?

 The most basic objection to ES cell research isithizprives embryos

of any further potential to develop into completatan beings

* For a decade, PGD has been used successfully toveeansingle cell
(blastomere) for genetic testing without interfgrimith the developmental

potential of the biopsied embryo. Over 2,000 hgditabies have been
born using this procedure

* Question: Can such a biopsied cell be used to genefacells?
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Embryonic and extraembryonic stem cell lines
derived from single mouse blastomeres
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The most basic objection to human embryonic stem (ES) cell
research is rooted in the fact that ES cell derivation deprives
embryos of any further potential to develop into a complete
human being"’. ES cell lines are conventionally isolated from
the inner cell mass of blastocysts®>” and, in a few instances, from
cleavage stage embryos®”. So far, there have been no reports in the
literature of stem cell lines derived using an approach that does
not require embryo destruction. Here we report an alternative
method of establishing ES cell lines—using a technique of single-
cell embryo biopsy similar to that used in pre-implantation
genetic diagnosis of genetic defects'’—that does not interfere
with the developmental potential of embryos. Five putative ES
and seven trophoblast stem (TS) cell lines were produced from
single blastomeres, which maintained normal karyotype and
markers of pluripotency or TS cells for up to more than 50
nassaces. The ES cells differentiated into derivatives of all three

Polymerase chain reaction (PCR) analysis confirmed the presence of
LacZ but not GFP gene sequences in these cells (Supplementary Fig.
la, b). Together with the karyotype analyses, the absence of GFP also
rules out the possibility of contamination and/or fusion of the
blastomere-derived lines with the ES cells used for co-culture.
When the putative ES cell cultures were allowed to overgrow or
form embryoid bodies, they readily differentiated into cells of all
three germ layers, as evidenced by immunostaining with antibodies
to muscle actin (mesoderm, Fig. 3a), a-feto protein (primitive
endoderm, Fig. 3c) and § III tubulin (ectoderm, Fig. 3e). Beating
heart muscle, extraembryonic endoderm and multiple neuronal cell
types were also routinely observed in differentiating cultures. To
demonstrate further the pluripotency of the derived putative ES cells,
cells were either injected into CD-1 mouse blastocysts or aggregated
with 8-cell stage morulae as described''. Forty-eight injected/
acorecated embrvoas (hetween & and 15 ner cell line) were transferred
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Biopsy Procedure (Human Embryo)

Blastocyst
Biopsied 6/8 (75%)
Non-Biopsied 1/4 (75%)



Derivation of hES Cells From Single Blastomeres

Blastomere biopsy

3 1 or 2 single blastomeres biopsied
and co-cultured with parent embryo

Feeders

GFP hESs
Feeders

Multiple single blastomeres
biopsied and co-cultured together



Derivation of hESCs Without Embryo Destruction

Step 1: Biopsied embryo & blastomeres develop indepen dently

—
. Ny

Step 2: Blastomere co-cultured 1
with hESC and ES-cells formed



Stages of Derivation of hES Cells From Single Blasto  mere



Markers of Pluripotency
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In vitro differentiation

b 11l tubulin Smooth muscle actin alpha feto-protein
ectoderm endoderm endoderm



teratoma

Kidney tissue

Ectoderm — nestin (neural tissue)

Mesoderm - smooth muscle actin

Endoderm - Cdx2 (intestine)




MAO1 & MAQ9 (blastomere-derived hESC lines) generate  d neural progenitors without the need for
EB-intermediates, stromal feeder layers, or low-dens ity passaging

MAOL1 (blastomere-derived hESC line) generated hemato  poietic progenitors 5-10 times more
efficiently than H9 and 3-5 times more efficiently than H1

MAOQ9 (blastomere-derived hESC line) generated vascul  ar/endothelial progenitors 1-2 times
more efficiently than H1 and H9



Characterization of Single Blastomere-Derived hES C  ell Lines

MAO1 MAOQO9



No Presence of Y Chromosome or GFP Gene Setected by PCR
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Characterization of Single Blastomere-Derived hES C

Microsatellite analysis confirming unique identity of
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Altered Nuclear Transfer (ANT)

*  “Methods of Producing Differentiated Progenitor Cel Is and Lineage-detective ES Cells”
(Idea/patent filings 1999/2000 on... ACT Patent NZ5181 91, WO Patent No. 0129206...)

* Presented Dec 2004 at the President’s Council on Bi  oethics by Council Member William Hurlbut

Outlined in White Paper: “Alternative Sources of Hu man Pluripotent Stem Cells” May 2005
Conceptually based on SCNT

Genetically alter somatic cell before transferredt o enucleated egg, such that the resulting
biological entity lacks the essential capacities of a human embryo

“Such an entity would be a ‘Biological Artifact’ — “e thically equivalent to tissue culture,
teratoma, or mole.”

Derivation of hES cells from the developing entity “would not be killing or harming, for there
Is no living being here to be killed or harmed.”

* ANT has garnered broad support from the pro-life co mmunity and from some influential members
of the US Congress. Endorsed by prominent Catholic moral theologians & ethicists. Roman
Catholic Archbishop of San Francisco, William Levad a, wrote to President Bush assuring him of
his support for ANT.






Generation of hESCs From Cdx2-deficient Blastocysts

Generation of hESCs






“Choose your method of destruction”




A Few Questions to Consider

» Is this “artifact” just a bundle of cells or a detige embryo?

* Should science use cloning and genetic manipulatiaieliberately
create crippled human embryos?

« Addressing ethical concerns is important, but sthawd carry out
such manipulations —not for medical or scienti@asons — but rather
to address theological problems?

Will ANT appease the pro-life and Catholic commigstand help
move hESC therapies into the clinic? Or ratheit,asdisingenuous
attempt to frustrate and oppose current avenubRE8€C research?
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