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Introduction

Biotechnologies are often presented as the third phase of the technological
revolution of the post-war years after the development of nuclear power in the
1950s and 1960s and that of new information technologies in the 1970s and 1980s.

Biotechnologies arose with the great genetics adventure which culminated
with the deciphering of the genome, mainly that of mankind. Genome deciphering
has helped to begin to understand the structure of living beings, without however
leading to an understanding of the operation of life and even less to its mastery.

This knowledge will come perhaps when we know the exact operation of
cells, the areas confined by a membrane which obey the laws of physics and
chemistry and which are common to all living beings.

Cells were the subject of a genuine rediscovery at the time of the birth of
Dolly, the first mammal cloned from adult cells. Since that relatively recent date,
barely a decade ago, the interest for cell biology has not weakened.

The work by Mr James Thomson, who managed to create the first human
embryonic stem cell lines in 1998 was to give a new impetus to cell biology. Since
then it really has been at the heart of current events with its advances, failures,
scandals, controversies, hopes and also fears.

This field is highly controversial for we realise the extent to which it can
transform our lives.

On the one hand, there are the hoped for benefits: new diagnosis methods
and new therapies. On the other hand, there are the new threats with the
possibilities of the re-emergence of eugenics.

The debate on embryonic stem cells has reactivated the debate on the
embryo which is presented as the main ethical problem and as a fatal obstacle to the
use of embryonic stem cells. I will not address this issue in this report as I feel it is
first and foremost a matter for everyone to decide in his heart and soul.

As I already stated in December 2003, during the examination in second
reading of the bill on bioethics, the protection of mankind is central to bioethics
legislation. The latter must be confronted with the realities of research and
emerging knowledge. It must be placed at the service of a living society and living
research.
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In order to respect the dignity of human persons, bioethics legislation
absolutely must reconcile three principles:

- Freedom of thought, in other words freedom of the researcher who must
know what limits society intends to set for his activity;

- The rights of the sick and of the handicapped to have their sufferances
lessened and their hopes for a cure raised, which requires research and
experimentation;

- Respect for the human person and body.

These principles apply all the more to stem cells as they are the basic
elements of our life.

Two ethical issues will be addressed for they are at the heart of the debates:
the issue of ovocyte donation for research, and marketing. I wish to add scientific
fraud, even if it is a marginal problem. It must be fought as it can make citizens
lose confidence in science.

This report devoted to the operation of living cells will focus on the
issue of adult and embryonic stem cells.

I have made this choice for I wanted to expose with the greatest clarity,
openly and without any preconceptions, the real situation in this field which is
too often the subject of overly flattering or overly critical papers. Another
reason for this choice is to prepare parliamentary work which, at the latest in
2009, as laid down in the bioethics Act of 2004, must again address the issue of
embryo research and decide whether nuclear transposition' can be authorised
in France.

It is indeed a matter of 'nuclear transposition' for I have banned from this
report the expression 'therapeutic cloning' that is employed in a facile manner and
also fallaciously.

It is a misleading expression.

For its opponents, the accent is placed on the word ‘cloning’ and this
technique is likened to human reproductive cloning which nobody in his right mind
defends.

For its supporters, the accent is placed on 'therapeutic’' and can have us
believe that we are on the brink of using this technique to cure, in particular,
terrible diseases that are still unfortunately incurable. Nobody in fact knows at

1 .. L N
Translator's note: 'Transposition nucléaire', otherwise widely known as 'nuclear transfer'.
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present whether this technique will be used one day and, if it is, will it help obtain
what can theoretically be hoped for.

I have made this overview of the stem cells field by enrolling the help of a
steering group whose composition is given in an annex to this report. May its
members be thanked.

I also wish to express my gratitude to all the people who accepted my
request to hear them in the public hearing. The account of the hearing appears
towards the end of this report. I felt this method was one of the most effective, in
addition to the rapporteur, to inform public opinion of the main challenges of this
field.

Contrary to custom, the account of the public hearing was published before
the rapporteur's conclusions came out. That was my wish as, at the time, we were in
the middle of what has been dubbed the 'Hwang affair'. It was important to let the
voices of researchers be heard at a time when one of them was beginning to be
highly suspected of having seriously infringed scientific deontology.

I was in Korea, after having gone to Japan, when the 'Hwang affair' broke
out. The disappointment of Koreans when they heard of the fraud became very
clear to me. My desire to take stock of this matter as exactly as possible also led me
to the United States, Great Britain, Brussels, and Munich, to the European Patents
Office. They were action packed and enthralling trips.

In the first two parts of this report, I review what has been dubbed the
'genomic revolution' and give a rapid presentation of cells, the basic element of life.
In the third part, I then address the issues of stems cells by presenting them first of
all with their potential applications. I underscore the need to pursue research, in the
fourth part, by taking stock of the present organisation of research in France and
various other countries, before insisting, in the fifth part, on the challenges to be
faced in this field.
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First part:
Where does the 'genomic revolution' stand?

The pioneering description of the double helix structure of
deoxyribonucleic acid (DNA) in 1953 by James Watson and Edward Crick raised
the veil on the physico-chemical nature of the gene.

This discovery heralded the start of considerable research and the mapping
of a certain number of genomes, among which those of the mouse, cow, pig, rice
and also thale cress (Arabidopsis thaliana).

Such mapping has allowed the precise establishment of correlations
between the presence of a gene in a specific form, and an hereditary disorder or an
interesting biological or agronomic property. This knowledge allows the rapid and
precise selection of individuals bearing the form of the gene responsible for the
sought biological property. Vegetal and animal selection programmes based on the
use of these genetic markers are therefore now used on a large scale. This has led to
the notorious genetically modified organisms (GMOs).

At the same time, the beginning of the 1990s saw the commencement of the
great adventure of the deciphering of the human genome which was to be
concluded in 2003. As it advanced, great enthusiasm overcame the scientific and
media world for what has been called the 'genomic revolution'.

This 'genomic revolution' appeared highly promising but the promises have
not materialised.

A — The great promises of the 'genomic revolution'

The 'genomic revolution' has been built on the hypothesis that the gene is
the basis of life, which has led to the development of a certain number of prospects
banking entirely on genes.
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1 — The gene as the basis of life

This hypothesis developed following the work in the United States at the
end of the 1930s and beginning of the 1940s, when the 'one gene - one enzyme”
equation was posited.

The discovery of the double DNA helix gave new significance to this
hypothesis. It can indeed be understood as the establishment of a direct
correspondence between a gene nucleotide sequence and a protein amino acid
sequence. The sequence of nitrogen bases along the molecule act as genetic code,
transmitting information from generation to generation unchanged. The gene then
switches from a conceptual entity to a material entity.

Put simply: DNA is the molecule which not only conceals the 'secrets' of
life but also executes its own encrypted instructions.

From that time on, the DNA of a cell was seen as the genetic programme,
like the original language. DNA bases were likened to letters, genes then becoming
words. With these words, text, in other words the genetic sequence, is then formed.
The DNA 'book of life' metaphor was then created. It encountered great success
and has been used in copycat style, especially by the media.

A reductionist vision of biology therefore developed which was very
influential during the development of the human genome deciphering programme.
DNA was assigned a central and almost exclusive role in the operation of
organisms and this fuelled the prospects banking entirely on genes.

2 — Prospects banking entirely on genes

These prospects, which then attracted attention, resided in the hopes of
curing by introducing one or several genes into the body.

Many genes in question in many disorders have been discovered. This has
been the case, in particular, with diabetes, some cardiovascular diseases, breast
cancer, Duchenne myopathy or mucoviscidosis... This entirely real and substantial
progress in knowledge on the mechanisms of a certain number of disorders was
immediately accompanied by the idea of 'correcting' these dysfunctionings by gene
therapy.

Gene therapy is the operation consisting in introducing a functional gene
into the cells of an organism for preventive, curative or diagnostic purposes. The
Act of 28 May 1996 defined gene therapy products as 'biological products with a
therapeutic effect aimed at transferring genetic material so as to obtain in vivo, the

2 . .
An enzyme is a protein.
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expression of one or several genes of interest, in a target cell, for a therapeutic,
diagnostic, or marking purpose'. The introduced gene(s) can either replace the
function of a defective gene or control the synthesis in the organism of a
therapeutic protein. Among the indications of gene therapy, mention could be
made, in addition to monogenic diseases like mucoviscidosis, of many acquired
disorders like cancers, Alzheimer's disease, and atherosclerosis...

Two approaches to gene therapy can be distinguished: germ gene therapy
and somatic gene therapy. The latter affects only the treated individual whereas
the former, by modifying germ cells (spermatozoons, ovocytes) produces a
permanent effect on all the descendants of the treated organism. For obvious ethical
reasons, it is limited to animals.

The idea of introducing one or more genes into an organism for therapeutic
purposes appeared all the more appealing as it helped to avoid the difficulties and
delays in developing conventional treatments. The latter, as noted by Mr Bertrand
Jordan®, indeed generally imply a detailed understanding of the disorder, then the
discovery of agonists or antagonists acting on the key elements of the regulations
affected by the disease. The introduced gene(s) were considered as drugs, as clearly
evidenced by the 'DNA drug' expression then in vogue.

Genome deciphering programmes then mobilised large-scale means with,
in particular, the use of high-performance and very sophisticated data processing
techniques. It is to be noted that private funding, especially in young start-ups, was
very high.

The promises of therapeutic applications were, already, highly publicised.
As recalled by Mr Bertrand Jordan in the quoted article, in 1995 the brochure
presenting the American gene therapy programme was entitled 'From Maps to
Medicine'. In France, it was the Telethon which, for the first time, brought gene
therapy out of the shadow of laboratories and into the public realm.

The prospects of the sector's turnover were in unison with the hopes:
accordingly, in 1994, the turnover was estimated at twenty billion dollars for the
year 2006...

Scientific journals were equally bullish: La Recherche bore the headline in
1985: 'Traitement des maladies génétiques : le compte a rebours' (‘Treatment of
genetic diseases: the countdown'); Science published in 1990 an article entitled:
'"Thérapie génique : le but en vue' ('Gene therapy: the goal in sight').

It must be admitted that the enthusiasm then brought about by the
deciphering of the genome has remained completely out of proportion with the
modesty of the benefits derived from it by patients. For instance the HIV genome

3 In Médecine/ Sciences no.5 volume 22 May 2006.
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was sequenced in 1985 but no solution to combat it has been developed over the
past twenty years.

From this point of view, the promises of the 'genomic revolution' have not
yet been delivered.

B — Promises have not yet been delivered

These promises have not been delivered as genetics has focussed on
identifying genomes and on describing the network of molecular interactions,
without making any headway with understanding how an organism operates. There
is still an abyss between what was hoped and what has currently been achieved.
This should not be forgotten when we address the issue of embryonic stem cells.

The functions of genes for instance have still not been elucidated, and a
certain number of difficulties have hindered the development of gene therapy.
These obstacles make it necessary in fact to go beyond the gene, towards the study
of the cell.

1 — Gene functions have not been elucidated

In my previous reports presented to the Office*, I had already largely
addressed this issue.

I will simply recall that, in the great majority of cases, genes merely allow
the production of the elementary components of the living being which, by
combining in complex networks, create the characteristics of these organisms. Each
gene has an elementary function used by the organism to accomplish many
complex and different functions, each complex function resulting from the
participation of hundreds or thousands of genes.

Reductionism, consisting in making the complex structures of living
organisms depend on a few genes, should be abandoned. It has, for instance, been
progressively discovered that the same genes are to be found in different species
with different functions. The same gene can be found in the same organism, with
different roles, depending on the type of cell and stage of development.

Genetics must therefore take account of the intracellular environment of
genes, in other words not only of other genes, but also of proteins and other
molecules. The activity of genes as a whole is to be considered as an integrated

4 'Labrevetabilité¢ du vivant' ('Patentability of living organisms') (2001).

'Les conséquences des modes d'appropriation du vivant sur les plans juridique, économique et éthique' ('The
economic, legal, and ethical consequences of the methods used to appropriate living organisms') (2004).
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activity in close relationship with their environment, as the DNA sequence does not
suffice to explain the diversity of cells and organisms.

This new approach has led to an important new concept: epigenetics.

2 — Concept of epigenetics

The term 'epigenetics' coined by the British geneticist Conrad Waddington
at the beginning of the 1940s, literally means 'outside customary or conventional
genetics'.

Epigenetics formalised heredity using two concepts: the phenotype, the
appearance and all the inherited individual characteristics; and the genotype, all of
the units of heredity, genes.

Molecular biology had explained in an apparently satisfactory manner the
issue of the transmission of characters by designating the DNA molecule as the
only and unique bearer of heredity. But a contradiction remained: how can it be
explained that all organisms or all cells having inherited the same chromosomes or
genes do not necessarily present the same phenotype?

A certain number of explanations can be advanced, one of which is the
existence of epigenetic differences, in other words differences at the level of the
genome mode of expression.

In effect, DNA is not present in the form of bare molecules in the cell. It is
combined with proteins called histones and forms a complex substance, chromatin.
Any chemical change in DNA or histones alters the structure of chromatin without
modifying the DNA nucleotide sequence.

Epigenetic variation is therefore a modulation of the expression of genes or
of groups of genes which, unlike mutation, does not involve a modification in the
structure of DNA.

Epigenetic variation also exists in plants and is studied under the name of
paramutation. It is characteristed by its property of being not only stable during the
development of an organism at the somatic level but also of being transmitted to
descendants during crossing and over several generations at the germ level, with
distributions different from those predicted by Mendel's laws.

These modifications are still quite ill-known and depend on the
environment of the genome in a wide sense. The important thing, as mentioned by
Mr Michel Morange’, is that these epigenetic mechanisms concern cell

* In Médecine/Sciences no. 4 volume 21 April 2005, page 368.
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differentiation and embryonic development: this epigenetic regulation is kept in a
stable manner during cell division, mitosis.

However, we must not pass from 'banking entirely on genes' to 'banking
entirely on epigenetics' for, as emphasised by this author, 'the gene can be
deconstructed ad lib' but it must not be forgotten 'that the structures and functions
of living beings are based on the properties of complex macromolecules’,
organisms having created a sophisticated and precise mechanism to reproduce their
primary structure. He therefore considers that the idea of a genetic programme was
an unwarranted extension of this mechanism of reproduction of macromolecular
components to the entire organism. the genetic programme notion no longer exists
today except in the form of a vague metaphor’.

Without rejecting all the achievements of genomics, it must therefore be
gone beyond to integrate in it all the possible epigenetic variations which are going
to come from its environment in the wide sense. This will be important as regards
the culture of cell lines where, in particular, the conditions of their culture can be
decisive.

This broadening of prospects is all the more necessary in the face of the
difficulties of gene therapy.

3 — Difficulties of gene therapy

The popular interest for gene therapy has come up against its complexity
for it has become more of a general principle than a precise technique. In effect the
methods used have become extremely diverse.

The methods differ depending, for instance, on whether the aim is to obtain
the production of an active protein replacing a lacking or inactive protein for
hereditary disorders or to combat diseases like cancer or AIDS. The techniques for
transporting the gene into cells are also highly varied and may be linked with other
strategies, especially vaccinal, which further complicates the process.

Roughly speaking, several types of difficulties are encountered:

- Difficulties in targeting diseased cells and risks of the organism rejecting
gene therapy products;

- Difficulty in elaborating viral vectors which may well attack a multitude
of target cells;

- Problem of the efficacy of non-viral vectors, such as liposomes, which
must be employed in such quantities that toxicity problems may arise;
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- Difficulty in obtaining the correct regulation of the gene which may well
integrate into an inappropriate chromosomic region;

- Financial obstacles due to the sheer volume of investments necessary for
research, for the production of vectors and for patient care establishments.

In July 2006°, there were 1192 ongoing gene therapy trials worldwide with
the following aims:

. Treatment of cancers: 797 (66.9%)
. Vascular diseases: 106 (8.9%)

. Monogenic diseases: 102 (8.6%)

. Infectious diseases: 78 (6.5%)

. Genetic marking: 50 (4.2%)

. Healthy volunteers: 19 (1.6%)

. Other: 40 (33 %)

The progress of these 1192 ongoing trials, in July 2006, clearly shows the
still largely fledgling nature of gene therapy:

. Phase I: 743 (62.3%)

. Phase I/I1: 242 (20.3%)
. Phase II: 169 (14.2%)

. Phase II/IIT: 12 (1%)

. Phase I1I: 26 (2.2%)

According to Mr Bertrand Jordan’, the technical problems 'have been
worsened by the haste with which we have sometimes proceeded owing to the
competition between teams and (above all) between companies in a hurry to stake
their place in a promising market.’

Mr Bertrand Jordan feels however that 'it should nevertheless not be
concluded that gene therapy is today in a blind alley.! He quotes a certain number
of areas of progress, especially the new possibilities of transferring a gene so that it
integrates into a pre-defined place of the genome, and the use of micro RNAs.

It is also necessary and essential to bear in mind the success of the gene
therapy implemented by Mr Alain Fischer and Mrs Marina Cavazzana-Calvo
regarding the severe combined immunodeficiency syndrome (SCID-X1).
Owing to this serious immune deficit, affected children were forced to live in a
sterile shelters ('bubble babies') to avoid exposing their immature immune system
to environmental germs. The introduced gene helped the immune system of
these children to develop and re-established its normal operation. Admittedly,
three leukemias and one death are to be deplored but twenty or so children

¢ Source: http://www.wiley.co.uk/genmed/clinical/.
7 In the article quoted supra.




-18 -

are living a normal life thanks to this treatment. For other disorders, such as
haemophilia and mucoviscidosis, the trials have come up against immune
difficulties and have not been successes.

Gene therapy techniques must not however be abandoned but improved by
going beyond what some authors have called the 'gene paradigm', in other words
the explanation of all life's mechanism by genetics.

Mr Jean-Claude Ameisen® has made this link between genetics and cell
biology in a very enlightening manner:

'An essential dimension of the complexity of living beings arises from the
fact that cells and bodies can use their genes in highly different manners and that,
with an identical genome, different potentialities are going to open up in different
environments. All the cells of our body, apart from a very few rare exceptions,
possess throughout our life exactly the same genes. Their capacity to become and
remain stem cells, or to transform into one of the two hundred families of
differentiated cells of our body, is due to the fact that each cell does not use its
genes in the same manner. The interactions, partly haphazard, which each cell
establishes with its neighbours lead to more or less reversible changes in the
accessibility of some of their genes, and therefore different manners of use of these
genes. In other terms, the external environment of the cell will influence the
elaboration of its internal environment, which itself will influence in turn the
possibilities the cell has with its external environment. This underscores the
ambiguity of the widespread notion of a 'genetic programme'. Genes do not
determine the future: they give cells a certain number of constraints and
potentialities — a field of possible outcomes — and what actually happens will
depend on the specific history of the interaction of the cell with its
environment'’.

It is therefore necessary to go beyond the level of the gene and study the
cell.

4 — Beyond the gene: towards study of the cell

I feel that the present limits of functional genomics as well as the increasing
interest in stem cells testify to major renewed interest in cell biology.

We are indeed witnessing a genuine revival of issues in which society is
taking an increasing interest, such as reproduction and development, old age,
and the operation of the brain. Current events are also showing that issues
considered as solved are resurfacing like, for instance, questions related to the

¥ At the pulic hearing of 22 November 2005.
° I put the sentence in bold
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study of infectious agents. The latter have been greatly neglected owing to the
existence of antibiotics and this remark is even clearer in the face of the new
threats, like the persistence of avian influenza or the development of epidemics
like chikungunya.

Therefore a certain number of notions have become very topical again. For
instance, matters related to the organism's defence and what is called, using a very
ancient term, 'virulence', remain largely unknown. Virulence indeed covers very
little known mechanisms like, for instance, the penetration of pathogenic agents
into the organism's cells.

All these matters, reproduction, ageing, cognition, and the balance between
man and microbes are of course not recent, but it must indeed be acknowledged
that they have been somewhat marginalised by genetic engineering and genomics.

It will certainly be necessary to return to the study of complex living beings
and the operation of the cell in its various dimensions.
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Second part:
the cell is the elementary unit of life

In this second part, the organisation of the living cell and its operation will
be outlined.

A — Organisation of the living cell

The cell is the basic unit of living beings. Any organism, from the simplest
to the most developed, is composed of cells, from a single one to several billion in
a very coordinated set. Cells give organisms their capacities, whether first of all
keeping them alive and allowing them to reproduce or, turning to animals, allowing
them to move thanks to their deformation possibilities.

We will address the organisation of the living cell and its operation.

The invention of the microscope, at the end of the XVIIth century, was to
pave the way for the exploration of the structure of living organisms on a scale
invisible to the bare eye. The observation of plant tissues allowed cell organisation
to be discerned for the first time.

It was then necessary to wait for the beginning of the XIXth century and the
development of microscope optics for the accumulation of observations made
among animals and plants to form the basis of a unifying theory: cell theory. This
theory was expressed in 1839 by the German physiologist, Theodor Schwann,
according to whom any living being is formed of cells and only of cells. This
theory was established definitively by Rudolf Virchow's famous axiom in 1858:
'Omnis cellula e cellula': any cell derives from another cell.

Cells are minute compartments that exist among all living beings, animals
or plants.

Cell organisation moreover determines two major families of living beings:
procaryotes and eucaryotes.

Procaryotes were probably the first living beings on Earth. They are
unicellular organisms characterised by the absence of a real nucleus. Their present-
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day descendants are bacteria of which two different categories are known:
archeobacteria and eubacteria.

Archeobacteria are abundant in nature today and populate very inhospitable
environments: very salty waters, thermal sources with a temperature exceeding
70°C, highly acid waters.

Eubacteria are far more common and comprise, inter alia, Gram-positive
bacteria, spirochetes, myxobacteria, cyanobacteria, etc.

Eucaryotes are organisms whose cell(s) are composed of a genuine nucleus
delimited by a nuclear membrane, several chromosomes, a nucleolus and
intracytoplasmic organelles with a complex structure.

Eucaryotes comprise pluricellular species (animals, plants, mushrooms) and
unicellular species (protists: paramecia, unicellular algae, baker's yeast, etc.).

Eucaryote cells, although possessing considerable similarities, present
differences in animals and plants as shown by the following diagram:

Animal cell Vegetal cell

chloroplast

Exracellular area

mitochondria
plasmic membrane

centriole endoplasmic reticulum

Golgi apy

microtubules

nucleolus

nucleus

¥

> < »
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The cell is the basic unit of all living organisms. A human being possesses
more than a hundred thousand billion of which there are approximately two
hundred different types. Cells feed, produce energy, exchange information with
their surroundings, multiply and die after a certain length of time.

As seen in the previous diagram, animal and plant cells present a certain
number of differences which we will address successively.
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= Animal cells

These generally appear as small bags of a dimension from 10 to 30 um'’.
However some of them can reach large sizes. This is the case, for example, with
nerve cells whose prolongations can exceed a metre in length, or with eggs
composed of a single cell.

Cells are delimited by a membrane and have a nucleus at their heart. The
nucleus is a small flexible sac containing deoxyribonucleic acid (DNA), the bearer
of genetic material and which controls all cell activity. Cells are isolated from the
outside by a plasma membrane that allows some substances to pass and stops the
passage of others.

Other internal membrane systems, forming the cytoplasm, delimit
compartments, or intracellular organelles, each having a specialised role:

- Mitochondria, which supply the necessary energy for cells to operate.
Their number, from a few to several tens of thousands, depends on the intensity of
cell activity, a muscle cell, for instance, having a very large number;

- The endoplasmic reticulum, which plays an important role in the
processes of secretion, the synthesis of proteins, of steroids and of lipids, and in the
intracytoplasmic transport of various substances;

- The Golgi apparatus, composed of vesicles and cisternae, which plays an
important role in cell metabolism by ensuring the glycosylation of proteins, and the
concentration of substances elaborated by the endoplasmic reticulum and their
transformation into secretion products;

- Lysosomes degrading and recycling cell structures;

- The nucleus, which is the vital centre of the cell. It comprises the
nucleolus and chromosomes. The nucleolus is a homogeneous and dense spherical
little body. It bears the chromosomes, each of which is composed of a very long
molecule of DNA that bears genes, molecules, proteins, and ribonucleic acid
(RNA).

At any given time, chromosomes can in fact be seen in only a very small
number of cells. They exist in this very specific form only during the phase
immediately preceding cell division. In all the other phases, the content of
chromosomes appears diffuse in the nucleus. It is then called chromatine;

- The hyaloplasm, a gel forming the fundamental cytoplasm and supporting
the nucleus and cytoplasmic organelles. It is the seat of synthesis and degradation
of the various molecules necessary for the cell;

' A micrometre (or micron), symbol: pum, is equal to one millionth of a meter.
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- The centriole, an organelle playing an important role during mitosis,
normal cell division leading to two cells similar to the mother cell;

- Microtubules, hollow cylinders formed by linear polymers which are the
essential components of the cytoskeleton''. They are involved in many cell
functions such as cell division, intracellular traffic or the growth of neurons.

= Vegetal cells
Vegetal cells present specific characteristics compared with animal cells.

For instance their plasma membrane is doubled outside by a cellulose wall
produced by the cell. They possess large cavities, vacuoles, which are dilatations of
the endoplasmic reticulum and where the vacuolar liquid is to be found. They
possess specific organelles, plastids, delimited by a double membrane.

Among chlorophyllic plants, chloroplasts capture light energy and are the
seat of photosynthesis.

B — Operation of the cell

Cell activity consists in movements, exchanges and transformations of:

- Matter, to feed and grow;

- Information, to know about the external environment and communicate
with other cells;

- Energy, to stay alive.

In the cell cytoplasm there is therefore a genuine 'biological factory' with
many 'workshops', organelles, devoted to different tasks.

We will rapidly outline the operation of cell metabolism as well as that of
cell division.

= Operation of cell metabolism

Organelles carry out a certain number of biochemical reactions which,
considered as a whole, constitute cell metabolism.

This takes place, roughly speaking, as follows.

" The cytoskeleton is the network of filaments serving as a skeleton for cells.
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Nutriments enter the cell, either by active transport through specialised
channels if small molecules are concerned, or by membrane invagination for larger
bodies. Elements that have entered the cell are digested in bodies rich in enzymes,
especially lysosomes. Degradation into increasingly smaller size molecules
continues in the cytoplasm by means of a set of reactions such as glycolysis'? and
fermentation. These reactions lead to the transfer of part of the chemical energy of
glucose into the cell's main energy vector which is one of the cell's most important
substances: adenosine triphosphate (ATP). This transfer of energy continues and is
amplified in the mitochondria by cell respiration which produces the greatest part
of adenosine triphosphate.

The energy and small molecules produced during the degradation processes
are the departure point of the assembly reactions of the cell's specific
macromolecules, in accordance with instructions given by its genetic material. All
of this activity is organised in a finely regulated complex network in order to meet
the cell's needs and changes in its environment

= Cell division

Cell multiplication is a vital necessity for it allows organisms to grow and
ensures their maintenance by replacing cells that die. Cell multiplication must
ensure the transfer of DNA from mother cell to daughter cells.

Cell division, called mitosis, begins by an accumulation of cell proteins.
Then the complete replication of DNA takes place. This is carried out by local
separation of the two strands of the double helix and an enzyme, DNA polymerase,
copies each of the two complementary strands.

At the end of this operation, the cell contains a double quantity of DNA.
Chromatin then condenses massively to form chromosomes. The nucleus
membrane disappears and the cytoskeleton takes up the chromosomes. The
cytoskeleton is deformed in such a way that the content of the mother cell is shared
exactly between the two daughter cells. Each of these therefore inherits a complete
set of chromosomes which then condense to give chromatin again in a nucleus
reformed until the next division.

These events are accompanied, as a rule, only by very rare changes in the
structure of DNA and that of homologous chromosomes. Therefore daughter cells
keep identical genetic material to that of the mother cell. This mechanism allows all
the cells of the same individual to have the same DNA content. The only
exceptions are sexual cells and some immune system cells, lymphocytes, which
produce molecules capable of recognising foreign substances.

12 Glycolosis is the breakdown of glucose.
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The cell is living matter (it is born, lives and dies) and is a place of
exchanges and interactions with the external environment. It therefore
appears as a central unit of the living world.

In their great majority, human cells are differentiated, in other words
capable of fulfilling a precise mission: red globules transporting oxygen in the
blood, intestinal cells absorbing nutriments, etc. Another characteristic of
differentiated cells is that they do not divide.

However, every second, more than twenty million cells in our body divide
to keep the number of cells constant by replacing those that disappear by ageing or
injury. The sole maintenance of the number of red globules requires two million
cell divisions per second.

Cells which divide are stem cells. They represent a major challenge of
biology.
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Third part:
stem cells represent a major challenge of biology

The interest taken in stem cells can be traced back to the beginning of the
last century. As early as 1920, the existence of precursor cells at the origin of all
blood cells was suggested in the chicken.

The precise concept emerged during the 1950s when the principle of the
renewal of blood cells was determined. Blood cells have a short life, a human red
globule lives only 120 days, and they must be replaced throughout our lifetime.
Renewal is ensured by cells residing in the bone marrow. These are capable of self-
renewal. At the same time, by asymmetrical division, they produce cohorts of
rapidly proliferating cells which enter differentiation pathways leading them to
produce all the variety of blood cells in the circulation.

A stem cell is a cell which can self-renew indefinitely, often throughout the
life of the organism, by cell division while keeping at the same time its specific
properties and the possibility of giving birth to more specialised daughter cells.

In normal conditions or following a suitable signal, stem cells give birth
(differentiate) to the various types of cells forming the organism. They can develop
into mature cells having specialised functions such as heart, skin or nerve cells.

All pluricellular organisms possess stem cells. The concept of the stem cell
is used rather with regard to animals but plant meristems are also made of them.

Stem cells can be distinguished in terms of their differentiation capacities
or their origin: adult stem cells and embryonic stem cells.

A — Distinction of stem cells in terms of their differentiation capacity

Several types of stem cells can be distinguished depending on their
differentiation capacity, in other words depending on the appearance and
progressive development of distinct properties or characteristics in cells which till
then were equivalent or, at least, appeared so. This involves a qualitative change in
phenotype, for instance the appearance of new membrane proteins, due to the
activation of the expression of a given gene.
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The four types of stem cells distinguished are totipotent, pluripotent,
multipotent and unipotent stem cells.

1 - Totipotent stem cells

These result from the first divisions of the fertilised egg until the fouth day
(morula of 2 to 8 cells). They are the only ones that can lead to the formation of a
complete individual. As such they have the capacity of inducing the formation of
all human tissues, including those of the germ line.

2 — Pluripotent stem cells

These result from the internal cell mass of the blastocyst, at the stage of 40
cells. They cannot produce an entire organism but can differentiate into cells of the
three embryonic germ layers (mesoderm, endoderm, ectoderm).

3 — Multipotent stem cells

Present in the adult organism, they give rise to several types of
differentiated cells but which keep their capacity to self-renew. They can give birth
to several types of cells, but are already engaged in a given direction. For instance
the hematopoietic cells of mammals give rise to red globules, T or B lymphocytes,
and macrophages, but not muscle cells.

4 — Unipotent stem cells

These can produce only one cell type such as skin, liver, intestinal mucous
cells, etc.

Distinction in terms of their origin leads to referring to adult stem cells and
embryonic stem cells.

B — Adult stem cells

While adult stem cells certainly exist, it is difficult to identify and
characterise them. While the question of the plasticity of adult stem cells is
debated, three specific categories of stem cells are beginning to be well known.
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1 — Existence of adult stem cells'’
Adult stem cells present at least two characteristics:
- They can supply identical copies to themselves for long periods;

- They can give birth to mature cells having morphological characteristics
and specialised functions.

At present their origin is not known. Researchers have proposed the
hypothesis that they represent foetal cells that have remained undifferentiated.

Adult stem cells are, according to a certain number of opinions, rare:
between 1 out of 10,000 and 1 out of 15,000 in the bone marrow and only 1 out of
100,000 in the blood'. It should be mentioned that Mr Daniel Louvard' strongly
disagreed with this rarity, feeling that in fact this was not known and that 'for some
tissues, it's untrue'.

Adult stem cells have been identified in many human and animal tissues.

They are located either in tissues with a rapid renewal or in tissues with a
slower renewal.

In three tissues with a rapid renewal, stem cells operate permanently:

- Epidermis: renewal of skin and hair system cells every 30 days;
- Intestine: production of 108 cells per day;

- Bone marrow: production of 1012 cells per day.

In quiescent tissues'® stem cells are present but their location is less precise
and their functions less well defined. Two types can thus be distinguished, in
muscle and in the liver. In the brain, stem cells have been located in two places.

Stem cells are also thought to be present in dental pulp, the cornea and the
retina. The stem cells present in the pancreas are also thought to be capable of
producing Langerhans islet cells which synthesise insulin.

" The term 'adult' is inappropriate as these cells can be found in a variety of tissues, equally well in the foetus,
child or adult. As emphasised by Mrs Marina Cavazzana-Calvo, on 22 November 2005, there is no notion of an
adult individual but of differentiated tissue. The term 'adult' in fact means that these cells are already
differentiated. It would undoubtedly be more correct to use the term 'non embryonic ' but the term 'adult' is
currently used. This report will therefore continue to use it.

' According to the report by the National Institutes of Health, 'Stem Cells: Scientific Progress and Future
Research Directions'.

!> On 22 November 2005.

' A quiescent tissue is a tissue that does not self-renew.
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This last result still appears controversial and illustrates a major difficulty:
how can adult stem cells be identified and characterised?

2 — Difficulty in identifying and characterising adult stem cells

Adult stem cells are difficult to characterise for they do not appear to bear
any specific marker.

As emphasised by Mrs Laure Coulombel'’, acquiring proof that a cell is a
stem cell requires characterising its progeny, in vitro and/or in vivo. It is
therefore a matter of indirect and retrospective identification.

For that purpose two requirements must be met.

The first is to place this cell in conditions permitting the expression of all
its proliferation and differentiation capacities. This leads to difficulties bearing in
mind the difference, specificity and incompatibilities of the environments necessary
for each differentiation pathway.

The second requirement is to analyse cells individually by the manipulation
of single cells or the follow-up of a marker of clonality. This clonal analysis is
imposed by the heterogeneity of basic tissues and by the fact that it is impossible to
purify stem cells to homogeneity, for a phenotype is not the faithful reflection of a
function.

Mrs Laure Coulombel emphasised in this study that if these constraints are
not met - and that is rarely the case - it is impossible to define with any certainty
the potential of cells analysed. She therefore feels that prudence is required in the
conclusions granting a cell stem-cell status.

Mrs Laure Coulombel reiterated this advice of prudence at the public
hearing of 22 November 2005.

One of the main difficulties is therefore identifying 'genuine' stem cells, in
other words those which have not yet started to enter a differentiation pathway. For
we still do not know the factors controlling the 'stem' character, those that would
guarantee that these cells keep their properties.

It is felt that several signalling pathways are probably involved, some being
induced by the stimulation of receptors located at the surface of cells, while others
involve the intervention of growth factors. The expression of all the genes of a stem
cell has been studied in the hope of identifying those controlling the 'stem'
character. For instance, the expression profiles of embryonic stem cell genes, of
hematopoietic stem cells and of neural stem cells have been compared. It appears

"7 In Médecine/Sciences no. 7 vol. 19 June-July 2003.
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that, to date, it has not been possible to determine the specific genetic fingerprint of
the 'stem' character of these cells. Apparently we still do not even know whether
this absence of any result reflects technical difficulties that are still not or only ill-
mastered, or intrinsic differences between cell types.

Other difficulties remain.

For instance it is still unknown how a stem cell keeps its quiescence or its
low-level replication or begins to proliferate and differentiate.

It is currently believed that stem cells are controlled by the combined
activity of many factors creating a genuine signalling network, the latter being able
to change with time and place. These signals can also have dissimilar effects on
different types of stem cells. But it is not known how a stem cell integrates all these
signals and how all of the signalling networks control its molecular operation.

As mentioned in another chapter of this report, these difficulties have their
importance regarding therapeutic applications, insofar as differentiation must be
perfectly controlled.

Knowledge of the characteristics of adult stem cells is therefore well and
truly imperfect.

Mr Daniel Louvard'® emphasised in this respect that 'the number of adult
stem cells that have been characterised today can be counted on the fingers of one
hand or perhaps two.' Characterised stem cells are ones 'in which markers have
been identified allowing them to be sorted and allowing their origin and their
properties to be identified.'

The issue of the plasticity of adult stem cells is also debated.

3 — Plasticity of adult stem cells

Now that the difficulty of this issue has been defined and observed,
mention will be made of the scientific arguments making it a controversial
phenomenon.

a — Definition and difficulty of the issue

The plasticity of adult stem cells is the phenomenon according to which a
transplanted adult stem cell can give rise to differentiated cells of other tissues. It is
the possible capacity of a cell type of a specific tissue line from one of the three
embryonic germ layers (endoderm, mesoderm, ectoderm) to differentiate into the

'8 On 22 Novvember 2005.
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cells of the other two. For instance this would be the possibility of neural stem cells
to transform into blood stem cells or of blood stem cells into muscle cells, etc.

As stated by Mrs Laure Coulombel'®, this possibility would be a
'transgression of the dogmas according to which a stem cell located in a given
tissue gives rise only to the specialised cells of that tissue and cannot adopt in its
progeny the fate of two different embryonic germ layers.' In scientific texts another
term is also used, 'transdifferentiation’'.

In short, the plasticitiy phenomenon is possible only under certain
conditions:

. The transplanted cells must survive after the transplant;
. They must then migrate towards the lesion;

. They must give the cell type that is to be replaced and this type only so
that they do not cause tumours;

. Lastly, the cells which differentiate from transplanted cells must integrate
into the damaged tissue so that the damaged organ returns to its normal operation.

Over the past few years, the controversy over this issue has not ceased.
Researchers are engaging in an extremely intense, not to say occasionally
passionate, debate on this subject.

b — A highly controversial phenomenon

I will present the main elements of this controversy without of course being
able to settle the matter.

In 1999, an article in the American journal Science related the observation
of adult stem cells from the mouse brain that had induced the production of
functional blood cells when they were injected intraveinously into an irradiated
mouse. As irradiation has the effect of killing some cell populations, and especially
hematopoietic stem cells, the reconstitution of the blood capital could be ascribed
only to the action of new cells.

This was the first time that the in vivo entry of adult stem cells into a
differentiation pathway (blood cells), which could not be predicted by their origin
(the brain), was reported.

A certain plasticity would therefore exist for some adult stem cells: the
stem cells of the bone marrow, muscle, skin, adipose tissue and some neural stem
cells.

1 Médecine/Sciences no. 6-7 volume 19 June-July 2003.
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Two hypotheses have been advanced to explain this phenomenon: the
existence of an embryonic stem cell which would be preserved at adult age in all
tissues and the existence of a transdifferentiation phenomenon.

It should however be noted that several attempts to reproduce these results
have failed.

On the basis of this article, several scientific reports therefore suggested
that adult bone marrow stem cells can undergo a transformation phenomenon into
completely different types of cells such as, for example, heart muscle cells or brain
cells.

To my knowledge, no objectively verifiable and renewable experimental
result has yet recorded this phenomenon.

At the public hearing of 22 November 2005, a controversy therefore arose
between Mrs Marina Cavazzana-Calvo who feels 'that it can be said without too
much fear of being wrong that there is no plasticity [of adult stem cells]’ and Mr
Daniel Louvard who believes that this question cannot be answered as we have not
been able to study it.

Another controversy regarding adult stem cells that may possibly give rise
to cells of the three embryonic germ lines has arisen in recent years.

This controversy arose when, in 2002, a team of researchers from the
University of Minnesota led by Mrs Catherine Verfaillie gave a description of bone
marrow stem cells, called MAPCs (Multipotent adult progenitor cells).

According to this study, these cells would have the power to differentiate in
vitro and in vivo into all the types of cells forming the tissues and organs of the
body from which they have been taken. This team demonstrated that MAPCs could
create endoderm, mesoderm and ectoderm lines. Chimeric embryos were obtained,
some constituted of 40% of foreign cells distributed in all the tissues, thereby
leading it to be believed that these cells were functional. No tumour formation was
observed and a very high development potential was observed without ageing signs
having been seen. This discovery was hailed at the time as marking a decisive step.

But, since then, enthusiasm has fallen off.

In effect, apart from the fact that these cells are thought to be extremely
rare — there are apparently less than 2,000 in a mouse — they have not been
identified in vivo. Since then, it has not been possible to reproduce the original
experiments, which was confirmed by Mr Jacques Hatzfeld*’, who emphasised that
‘all the work carried out on MAPCs are currently completely unreproducible.’

2 On 22 November 2005.
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Mr Daniel Louvard has moreover acknowledged that 'in an adult tissue, we
know that there are stem cells which derive from the various embryonic germ
layers. It has not been possible to explore exactly, outside the tissue in which they
exist, or the organ in which they exist, whether they recapitulate or not all of the
properties of the germ layer cells from which they derive’.

Lastly mention should be made of the work on cell fusion by Messrs.
Douglas Melton and Kevin Eggan of the Harvard University Stem Cell Institute.
We will refer in more detail to this work in the part of this report on nuclear
transposition.

A certain number of adult stem cells are now well known.

4 — A few well known adult stem cells

We will refer to hematopoietic stem cells, mesenchymal stem cells and
umbilical cord blood stem cells.

a — Hematopoietic stem cells
These are probably the currently best known adult stem cells.

They mainly derive from the bone marrow and give rise to the blood cells
necessary for the daily renewal of blood and combating infections as shown in the
following diagram:
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In comparison with other adult stem cells from other tissues, hematopoietic
stem cells are easy to obtain either from the bone marrow or from peripheral blood.

These stem cells have been studied for a very long time and are the first
ones to have been used with success in various therapies.

On the other hand, the potential of these stem cells to produce cells other
than blood cells has become a subject of major debate. In particular it has not yet
been precisely determined if they can be used to restore tissues and ogans other
than blood and the immune system, even if announcements have been regularly
made to this effect.

Mrs Laure Coulombel therefore felt that transdifferentiation, which would
be conducive to a hematopoietic stem cell being capable of making something else
than hematopoietic cells, has not currently been experimentally proven, by noting
that ‘'with a single cell in the mouse, nothing else is produced than hematopoietic
stem cells.’

On the other hand, she observed that some derivatives of hematopoietic
stem cells can fuse in a diseased tissue with a diseased cell and then grant it the
capacity to become 'normal' again. She emphasised that we were faced here with a
different case: somatic nuclear reprogramming. She also drew attention to the fact
that it was possible to sometimes observe the expression of some markers of other
hematopoietic stem cells but that it could be a matter of a culture artefact.

b — Mesenchymal stem cells

Mesenchymal stem cells are another category of adult stem cells that are
beginning to be well known.

These cells were isolated in the 1960s from animal bone marrow. They
therefore have the same origin as hematopoietic stem cells.

Mesenchymal stem cells possess many interesting properties from the
therapeutic viewpoint. For instance they produce many hematopoietic growth
factors and a factor allowing hematopoietic cells to become established in the
marrow. They are barely immunogenic’' and even tend to inhibit many immune
reactions. Lastly, they possess plastic properties allowing them to differentiate into
many cell types and give in the laboratory chondrocytes, myoblasts™,
adipocytes® and even neural cells.

2! Is said of a substance that can provoke a reaction or an immune response.

22 Chondrocytes are the cells forming cartilage.

3 Myoblasts are precursor cells of adult muscle cells.

2 Adipocytes are adipose cells containing lipids. They are the cells that store energy as fat.
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The techniques of their isolation in cultures are now well established and,
although there are not many of them, they can be multiplied in quite large
quantities in vitro. They can therefore be kept and propagated for long periods of
time in the laboratory without losing their qualities.

These characteristics make them good candidates for cell therapy use.

¢ — Umbilical cord blood stem cells

Umbilical cord blood stem cells made the headlines in summer 2006 with
the information given by the British press according to which a certain number of
sportsmen had stocked their child's umbilical cord blood. The blood would have
been taken not only to treat their child one day but also to treat their own cartilage
or ligament problems.

This interest for the capacities of hematopoietic umbilical blood cells is
nothing new. In effect, the world first umbilical blood graft was performed by Mrs
Eliane Gluckman at the Hospital Saint Louis in Paris in 1988, on a little boy
affected by a hereditary blood disease. Since then, approximately 6,000 cord blood
grafts have been performed worldwide.

The primary interest of this blood is that it is particularly rich in
hematopoietic stem cells believed to be present only in bone marrow.

But it has other advantages over bone marrow:

- Its collection does not present any special difficulties insofar as the blood
is taken when the umbilical cord is cut. There are no constraints and no risk for
mother or child;

- It can be frozen for distant use after collection;

- The cells have higher proliferation and expansion capacities than those of
bone marrow or of the peripheral blood of an adult;

- The cells are immature. They must therefore cause a lesser rejection
reaction of the graft on the part of the receiver's organism owing to the fact that the
immune characteristics of stem cells and the antibodies of newborns are not yet
fully developed;

- The resources can be considered as unlimited, particularly when
compared with the difficulties of a bone marrow harvest which requires a general
anesthesia of the donor.

The use of cord blood is today a well mastered technique, very useful in
particular in treating certain serious blood diseases like acute leukemias. But its
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therapeutic use still comes up against the small size of the grafts, insufficient to
treat adults.

Since the 1990s, most developed countries have started to set up public
umbilical cord blood banks. There are presently fifty or so public umbilical cord
blood banks worldwide.

The banks presently set up keep this blood for mainly allogeneic uses, even
if the possibility of an autologous use exists in favour of the donor child.

But in recent years private companies have been created, especially in the
United States and Great Britain, offering the possibility of freezing, against
remuneration, the cord blood of newborns with a view to future use should the need
arise.

Advertisements and the premature announcements by a certain number of
publications of the possibility of curing by this means a large number of disorders
play on parents' distress. They insist for instance on the future possibilities of the
transdifferentiation of hematopoietic stem cells to treat, one day, diabetes,
Parkinson's or Alzheimer's disease, or to repair a damaged heart..., all goals which
remain speculative.

After having the issue of the storage of cord blood (umbilical or placentary)
brought before it by the health director-general in 2002, the National Consultative
Ethics Committee, in its opinion of 12 December 2002, emphasised inter alia the
three major dangers of the autologous storage of placentary blood:

‘1) The most serious danger is for society insofar as the setting up of such
banks opposes the solidarity principle without which no society whatever can
survive;

2) Such banks give rise to utopian ideas and disguise a mercantile goal
under the pretext of helping children,

3) They call justice and equity into question. If reasonable indications
existed, the proposal should become systematic and organised under public
responsibility; here the cost intervenes and the large scale notion [...]."

In conclusion, the National Consultative Ethics Committee favoured public
storage for grafts but opposed private storage for personal reasons. It also invited
the public authorities to promote major development of public cord blood banks
rather than support the setting up of private banks.

I approve this position which is still fully justified today.

However, worldwide today there is a very great disproportion between the
number of private blood cord banks (more than a hundred thirty) and public banks
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(fifty or so). Private banks are expanding rapidly in the United States, Great
Britain, Belgium, Germany, and Asia.

In the face of this trend, France must develop public blood cord banks
through the Biomedicine Agency. France must also warn international
organisations about the development of private banks. The National Consultative
Ethics Committee's recommendation to develop public blood cord banks should
therefore be reactivated. This will be a recommendation of this report.

Adult stem cells are currently the subject of major debate insofar, in
particular, as they are compared with embryonic stem cells.

C — Embryonic stem cells

After presenting embryonic stem cells, I will mention their characteristics,
their derivation and the problems of their culture.

1 — Presentation of embryonic stem cells

The fertilised ovocyte, the zygote, which is monocellular, enters into a
series of divisions.

Embryonic stem cells are the cells resulting from the first divisions of the
zygote. They are termed totipotent, in other words they are capable of recreating an
entire organism if isolated. Very soon this property is lost but the cells of the early
embryo remain capable of giving rise to any of the organism's cells.

Four or five days after fertilisation, these pluripotent embryonic cells
undergo a first specialisation. The five-day embryo is then called the blastocyst. It
is a small hollow sphere in which a small pile stands out, the preimplantation
embryo, composed of an internal cell mass and an external cell mass. This cycle
takes place as follows:
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The cells constituting the external cell mass will form, with cells from the
mother during gestation, the placenta.

Cells from the internal cell mass begin the formation of germ tissue and of
the three somatic germ layers from which the organic tissues of the future
individual derive. The external germ layer, or ectoderm, will give rise to the skin,
neurons, eyes and ears. The middle germ layer, or mesoderm, will give rise to the
bone marrow, muscles, blood and blood vessels. Lastly, the internal germ layer, or
endoderm, will give rise, for its part, to the pancreas, liver, thyroid gland, lungs and
bladder.

When cells enter these differentiation pathways, they lose their
pluripotency.

The discovery of human embryonic stem cells is recent since it was in 1981
that, simultaneously in the United States and in Great Britain, two researchers
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demonstrated that the cells of the preimplantation embryo of mice placed in culture
in specific conditions began to divide and propagated indefinitely without
differentiating, 'frozen' at this early stage of embryogenesis.

These researchers realised that, even after the formation, in culture, of
many generations, these embryonic stem cells 'remembered' the reason why they
were programmed. They therefore kept the capacity to differentiate into any
specialised cell type in the organism. In effect, if such cells were reintroduced into
a blastocyst, they would colonise it and their decendants would be found in all the
tissues of the newborn mouse.

As murine cells differ in many points from their human counterparts, it was
not before 1998 that human embryonic cells were isolated from human blastocysts
by Mr James Thomson et al. from the University of Wisconsin.

2 — Characteristics of embryonic stem cells

They have three main characteristics distinguishing them from other types
of stem cells:

- They express factors making them pluripotent;

- They are unspecialised cells that self-renew during many cell divisions. A
population proliferating for several months in the laboratory can therefore be
counted in millions. An important challenge for research is to understand why a
population of stem cells remains unspecialised and continues to proliferate;

- They can give rise, in certain conditions, to specialised cells.

It appears™ that these cells could possess immune privilege. In effect, they
express only a few histocompatibility antigenes and are not targeted by T
lymphocytes. They could secrete a local immunosuppressor factor and induce a
tolerance phenomenon. Lastly, they could possess immunological neutrality and
powers of adaptation to the environment of the host tissue.

3 — Derivation of embryonic stem cells

The source of embryonic stem cells is therefore a blastocyst which can be
obtained from:

- So-called 'spare' embryos collected at the time of an attempt at in vitro
fertilisation (IVF) , the characteristics of which are incompatible with freezing. The
present embryonic stem cell lines were isolated from the blastocysts of spare

» Michel Pucéat 'Les cellules souches embryonnaires. Du développement myocardique a la médecine
régénératrice ' (Embryonic Stem Cells. From Myocardial Development to Regenerative Medicine') in Médecine
Sciences n0.12, volume 21, December 2005.
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embryos left over from IVF. The yield varies between 35 and 50%, i.e. one line for
two or three blastocysts;

- Embryos from a preimplantation diagnosis;
- Frozen embryos no longer required for fertility treatment;

- Embryos created by nuclear transposition. This will be studied in the
following chapter.

4 — Embryonic stem cell culture issues

Three issues arise: culture media, control over cell differentiation and
genomic instability.

a — Culture media

Since 1998, human embryonic stem cell lines have been grown on a
substrate containing foetal calf serum and a layer of nourishing cells, mice embryo
fibroblasts. These fibroblasts were irradiated to prevent them from dividing while
remaining capable of secreting the necessary growth factors. Such culture
conditions obviously represented a potential danger of contamination by murine
viruses or bovine-derived prions.

Progress has been recorded from this viewpoint. In effect, the team of Mr
James Thomson of the WiCell Research Institute, in association with the University
of Wisconsin, developed last year a new culture medium devoid of any animal
content. However, while the two lines created by this team from spare embryos left
over from IVF survived for more than seven months, they presented chromosome
abnormalities. It could not be determined whether these abnormalities were related
or not to use of the new nutrient support.

Mrs Jane Lebkowski told me that new lines of embryonic stem cells have
been derived in the laboratories of the company Geron without ever having been
exposed to animal products.

b — Control over cell differentiation

In order to specifically orient embryonic stem cells towards defined tissue
lines, it is necessary to have factors controlling cell differentiation in vitro.

At present, when embryonic stem cells are separated from nourishing cells
and placed in a liquid culture medium, they tend to group in aggregates called
'embryonic bodies' within which differentiation takes place anarchically and very
haphazardly. Reinjection of these embryonic bodies into immunodeficient mice
often leads consequently to the formation of benign tumours (teratomas).
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¢ — Genomic instability

In a recent article®, a certain number of researchers demonstrated that
genetic anomalies appear in human embryonic cell lines cultivated in vitro over an
extended period.

They showed that major changes took place: losses or amplification of
some parts of DNA, mutations of mitochondrial DNA, modification of the
expression of genes. The authors noted that the impact is not yet known of genetic
mutations on stem cell behaviour or on their capacity to differentiate. It appears
that cells which accumulate modifications of their DNA, whether genetic or
epigenetic in origin, acquire an advantage as regards duplication, over cells not
affected by these phenomena. The reasons for this situation remain unknown.

The authors emphasised that out of the 22 authorised stem cell lines
entitling to federal funding in the United States, 10 are affected by these mutations.
This genetic instability phenomenon of stem cell line cultures was confirmed to me
by all my interlocutors.

Embryonic stem cells therefore present, like adult stem cells, a great
number of difficulties.

But these two categories of stem cells appear to possess a great number of
qualities and their potential applications are currently being examined.

D — Potential applications of stem cells

The most immediate idea is that stem cells will help develop treatments,
cell therapy, for very many diseases. However, before addressing cell therapy, a
few wrong ideas should be insisted on. Lastly, we will consider the issue of nuclear
transposition.

1 — A few wrong ideas

In recent years we have witnessed the development of a certain number of
wrong ideas: immediate curing of diseases thanks to stem cells; research must have
short term therapeutic prospects; opposition between adult stem cells and
embryonic stem cells; and the tumorigenicity of human embryonic stem cells.

% Nature Genetics, October 2005.
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a — Immediate curing of diseases thanks to stem cells

This idea has developed considerably in recent years and the events in
Korea caused it to be significantly amplified.

A certain number of media, fortunately isolated, played a major role in this
affair. They not merely suggested but affirmed that it was extremely soon going to
be possible to be cured of terrible diseases today incurable like Parkinson's and
Alzheimer's disease. The aim, as one of my interlocutors told me, was to 'give
hope!"'

Fortunately a certain number of journalists are aware of this situation. For
instance, Mr Jean-Yves Nau®’ notes that '/..] scientific publications on the
creation of mammals by the cloning technique have always received high coverage
in the media. This gave their authors renown and an aura making many of their
peers jealous. A race for fame arose which led to repeated out-of-control deeds on
the part of researchers and also of the media [...]'.

But, in the process, is a thought given to the situation of persons suffering
from these disorders and who are enticed to believe they can escape the
consequence of these terrible diseases?

Is a thought given to their close relatives and their distress in seeing a loved
one suffer a terrible ordeal? Unfortunately, it appears that the need to make big,
attactive front page headlines has got the better of intellectual honesty.

As [ stated at the public hearing of 22 November 2005, I feel it is a scandal
to say that today's research on embryonic stem cells will represent tomorrow's
therapeutic applications. I sincerely hope that this research will indeed lead one day
to major therapeutic applications but, today, intellectual honesty, forces me to say
that is not at all the case yet.

All the scientists heard on 22 November 2005 unanimously emphasised this
viewpoint.

Of course it is not for me to criticise the media which have a genuine role to
play in disseminating scientific culture, thereby taking part in the necessary training
of citizens in subjects which, it should be acknowledged, are very difficult to
understand. They do so, in a great number of cases, with relevance and great
strictness. Journalists, especially generalist press ones, rely on articles that have
appeared in scientific publications. They naturally don't have the possibility of
checking the authenticity and exactness of these articles.

7 In 'L affaire Hwang ou les ravages de la course a I’audience’, ('The Hwang Affair or the Ravages of the Race
to Arouse Interest') Le Monde 14 January 2006.
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It is all the less in my intentions to make journalists bear responsibility for
this situation as there are a certain number of members of the scientific community
whose attitude has been highly questionable to say the least. This has been the case
for instance with certain very well known professors of medicine, non specialists of
the field, who, to promote their books, expressed judgments allowing it to be
believed that a cure for these terrible diseases was imminent.

A certain number of researchers have also made imprudent, or
insufficiently qualified, remarks on the possibilities opened up by stem cells — both
adult and embryonic — as regards therapies. This imprudence is due to the
competition between scientists to accede to fame on which their funding in fact
depends.

Out of honesty, it is also certainly necessary to call politicians into
question. For want of time, they cannot devote all the necessary attention to
precisely following up all the extremely rapidly evolving work in this field. On
every announcement in this field, they would need to have the necessary hindsight
allowing them to distinguish proven facts from phony announcements.

Mr Marc Peschanski’® summarised the duty of researchers with reference to
embryonic stem cells, by emphasising that "here there is [...] something which is
high-risk and which cannot be promised today. All that we can promise is that we
will work [to] reach a therapy'.

b — Research must have short term therapeutic prospects

I feel this is a very sensitive field which, unfortunately, has been enshrined
in legislation.

In effect, Article 25 of Act no. 2004-800 of 6 August 2004 on bioethics sets
forth that research can be authorised on the embyro and embryonic cells when it is
likely to allow major therapeutic progress [...]".

I fought against this provision at the time of the second reading debate of
the bill. This provision is indeed tantamount to denying the need for fundamental
research. Having a therapeutic prospect will be mandatory to start research in this
field. I unfortunately did not manage to convince, at the time, either the rapporteur,
the minister, or a majority of my colleagues.

This way of proceeding can be potentially extremely dangerous. It could
force scientists to justify applications for funding for their activities. This may have
strengthened the out-of-control deeds that have just been mentioned with respect to
the hypothetical imminent possibilities of curing thanks to stem cells. I will make

28 On 22 November 2005.
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proposals in the fourth part of this report on the policy which to my mind should be
followed in France.

If we return twenty years back, the prospect of 'major therapeutic progress'
has never been imposed to authorise gene therapy research. If that had been the
case, it can be believed that nobody would have started work in this field.

Generalising this attitude would dissuade researchers from any fundamental
research work, confining them solely to utilitarian type work. We would run the
risk of begetting a system where no fundamental research protocol would be
possible.

Mr Hervé Chneiweiss® has summarised this situation best:

'[...] a utilitarian approach is prevailing which arose with genomics and
large-scale biology, when our American colleagues launched in 1969 the great
human genome programme as the new ambition after man had walked on the
Moon. They did not sell it as knowledge of the human genome but as a new frontier
to cure cancer. From then on there was a kind of snowballing which meant that,
in any scientific article, authors have begun or finished by justifying their work
by a pathology®. There is also a game with respect to the various public
representations, the media or politicians, to try and justify the underlying idea
crossing through all political parties that pure scientific knowledge is something
noble but which is not worth [a] fight vis-a-vis moral beliefs deeply rooted in the
history of a country. It has sometimes appeared easier to some to defend utilitarian
positions [...]".

At first reading, the National Assembly had adopted the authorisation of
research on the embryo and embryonic cells for 'a medical purpose', which was
entirely different. It is therefore necessary to return to this text and delete the terms
contained in the Act of 2004.

This will be a recommendation of this report which will propose the
revision of Article 25 of Act 2004-800 of 6 August 2004 on bioethics.

The notion of fundamental research absolutely must be rehabilitated for it is
the prerequisite for the progress of knowledge.

¢ — Opposition between adult stem cells and embryonic stem cells

As can be seen in the report of the public hearing of 22 November 2005, the
debate on the respective merits of the two types of stem cells certainly was lively.

% On 22 November 2005.
391 put the sentence in bold.
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The specialists of adult stem cells apparently sometimes feel a certain
uneasiness about embryonic stem cells being presented as having all the
advantages. They have the impression that the qualities of adult stem cells are
neglected.

Embryonic stem cells do sometime enjoy greater attention on the part of a
certain number of media bearing in mind, in particular, their greater novelty. It is
also fair to emphasise that these cells had enjoyed, at the time, all the effervescence
that had progressively developed around the 'achievements' by Mr Hwang Woo-
suk's Korean team.

This dissymmetry which is felt to be to the detriment of adult stem cells is
in fact merely an illusion, for research funds are massively in their favour. This is
the case in France where Mr Christian Bréchot’' stated for instance that Inserm's
funds were in their immense majority devoted to adult stem cells, at end 2005,
owing to the legislation. The situation is similar in Japan where Mr Norio Nakatsuji
emphasised that the effort on adult stem cells is ten times greater, regarding their
funds and researchers, than on embryonic stem cells.

I have shown that the uncertainties of these two types of stem cells remain
very high. Neither of these two categories is therefore to be given greater
importance.

This was also stated by a certain number of participants at the public
hearings day.

For instance Mr Philippe Ménasché noted that 'in the state of ignorance in
which we find ourselves [...] there is no sense in opposing adult cells and
embryonic cells. The two pathways must be explored parallely [...], it is not
impossible that the two types of cells will finally find their place in different
pathologies. To give an example, it is known today that if we want to replace a
heart cell, it is unlikely, in the present state of knowledge, that this can be achieved
with adult cells. Embryonic cells are apparently capable of this. In contrast, if the
aim is simply to get cells that can secrete insulin, i.e. Langerhans islets, adult cells
taken from subjects in an irreversible coma do the job fine. [...] The opposition
that sometimes exists between adult cells and embryonic cells is meaningless
clinically®”. Both types of cells must be explored, which means that the embryonic
cell pathway must not be closed [ ...]".

Going further, Mr Jacques Hatzfeld emphasised the complementary
character of the work on embryonic and adult stem cells within the framework of
the European Genostem project on adult stem cells: 'It's thanks to embryonic stem
cells that I [can] find the markers of adult stem cells, not by starting downstream,

3 On 22 November 2005.
321 put the sentence in bold.
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like we did previously, but by starting upstream, by deriving, from embryonic stem
cells, mesenchymal stem cells, which allows me to have a quantity of them and
enables me to study all the most primitive markers. If we do not work on
embryonic stem cells, we will never understand adult stem cells’.

Mrs Laure Coulombel, for her part, insisted on the fact that it is essential
not to oppose the two types of cells for two reasons:

- It is probable that molecular mechanisms governing the amplification of
embryonic stem cells are similar to those of adult stem cells, especially those
governing their diversification;

- Embryonic stem cells allow an accessibility in terms of their number that
would be impossible to obtain with adult stem cells, except regarding
hematopoietic stem cells.

I am however worried about the turn taken sometimes in France by this
debate on the various types of stem cells.

I feel that the two sides are always more or less about to be at loggerheads,
in an excessively adamant manner, on the respective merits of these two types of
cells. I quite understand that researchers working on adult stem cells are irritated by
the fact that embryonic stem cells are sometimes presented as the alpha and omega
of cell research and that they alone make the headlines.

I am entirely convinced that the specialists of embryonic stem cells and
those of adult stem cells are all working to find treatments that will relieve
suffering human beings.

I will therefore follow, to apply it to adult stem cells and to embryonic
stem cells, the opinion of Mr Claude Huriet” who writes**: '/...] the danger
must be emphasised, in any scientific process, of an overly manichean attitude.
[...] It is necessary/...] to put an end to quarrels in which, too often, ideological
presuppositions prevail over the scientific process’.

I therefore feel that it is essential not to oppose the two categories of stem
cells.

d — Tumorigenicity of embryonic stem cells

This issue has been debated for a certain number of years. It was addressed
at the public hearing of 22 November 2005.

Mr Daniel Aberdam noted that to demonstrate that an embryonic stem cell
is pluripotent, these cells are injected into an immunodeficient mouse, i.e. whose

33 Honorary senator, member of the UNESCO International Bioethics Commitee, President of Institut Curie.
**In Le Figaro 6 August 2005.
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immune system has been destroyed. He mentioned that teratocarcinomas are then
obtained but only because it is a matter of an immunodeficient mouse and its
immune system cannot rid itself of them.

He emphasised that it is ‘clearly established that when embryonic stem cells
are differentiated, these tumours no longer appear. [...] If it is managed to purify
differentiated cells from embryonic stem cells, all the published, unpublished or
commented experiments show that no tumour appears'’.

Mr Philippe Ménasché agreed with these remarks by noting that from the
moment that cells are correctly pre-differentiated, not the slightest tumour has ever
been observed.’

Difficulties nevertheless remain from this viewpoint, for it appears that the
extent to which these cells are to be differentiated is not exactly known.

2 — Cell therapy

Cell therapy is defined by the texts as the administration to a patient of
biological products with therapeutic effects made from preparations of live human
or animal cells with a preventive or curative aim in mind.

As written by Mr Axel Kahn®” cell therapy can fit into 'the age-old dream
of medicine' to repair part by part the defective or worn out elements of the human
machine.

It was the first organ grafts performed some fifty years ago which paved the
way for the possibility of regenerative medicine. Organ grafts are today performed
with success in a certain number of fields thanks to the improvement of surgical
methods and the development of effective immunosuppressive drugs. However a
major limiting factor is the insufficient number of transplants with respect to
demand. While xenografts could attract attention, they imply major difficulties
owing to the immunological problems posed and the risks of transmission to man
of animal retroviruses.

This situation explains the interest taken in cell therapy which is based on
the use of live cells taken either from the patient to be treated or from a donor.

Depending on the degree of cell transformation, cell therapy can be likened
firstly to a mere graft of cells taken from a donor and administered to a recipient. It
may also require more elaborated techniques insofar as the cells administered may
have undergone a complex process of storage, selection and transformation which
grants them new properties. These modifications can go as far as modifying their

35 In Médecine Sciences no. 4 volume 18, April 2002.
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genetic heritage, thereby making these cells a product combining cell therapy and
gene therapy.

Cell therapy applications already exist while other research pathways are
opening up. An approach can be envisaged combining gene therapy and cell
therapy.

a — Already existing applications of cell therapy

Cell therapy applications currently concern the regeneration of blood cells
and of skin cells by the use of adult stem cells. Prospects of the therapeutic use of
embryonic stem cells will be examined in the following part of this report on
nuclear transposition.

= Regeneration of blood cells

Blood cell regeneration was initially achieved by bone marrow stem cells,
but other techniques have now begun to be applied.

. Bone marrow stem cells

These were the first known stem cells and they were grafted to man from
the end of the 1950s. This graft treats autoimmune diseases®®, immune deficits,
leukemias and also a certain number of solid cancers. In order to avoid reactions
against transplants, autografts are performed whenever possible. Insofar as these
cells do not enable the total number of blood cells to be restored, there is the
prospect of combining them with mesenchymal stem cells which offer the
necessary micro-environment for good activity of hematopoietic cells.

Bone marrow stem cells can also differentiate into bones and cartilage
allowing the repair of bone or cartilage lesions.

. Other techniques

Since the past ten years or so, umbilical cord blood has been used to
regenerate blood cells. This technique has already been mentioned previously.

= Regeneration of skin stem cells

This is performed conventionally by using keratinocytes, but another
technique has just been employed experimentally.

. Use of keratinocytes

36 . . . . . Lo . . . .
" An autoimmune disease is a disease during which immune reactions develop within an organism against some
its own antigens.
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The skin regenerates entirely every three weeks approximately thanks to the
action of keratinocytes in the epidermis. They are produced in its deepest layer,
multiply and migrate little by little to the skin surface.

For more than twenty years, they have been currently cultivated with a
view to transplanting skin, especially to the severely burnt. Merely a few
centimetres of healthy skin have to be taken from the patient before culturing it on
a nourishing layer of dermis cells, fibroblasts. A few weeks suffice to obtain a large
surface of epidermis that is autografted.

. A new experimental technique

In March 2006, a skin burn by irradiation was successfully treated in
France by an autologous graft of bone marrow stem cells. This was the first
application of a treatment hitherto implemented only in animals.

The patient's own mesenchymal stem cells were isolated, collected and
cultivated in the laboratory with growth factors.

= Compliance with certain conditions

However the success of cell therapies using adult stem cells requires, save
in the case of an autograft, the donors and recipients to have genomes as similar as
possible. At the very least they must have the same tissue groups to avoid graft
rejections.

As with any heterologous graft, immunosupressive treatments help
diminish the recipient's immune defences. This facilitates the graft but the person
treated then becomes very sensitive to infections.

b — Opening of other research pathways

Mention will be made of the work carried out by the use of foetal neuronal
cells, the treatment of heart disorders and the treatment of neuronal disorders.

= Use of foetal neuronal cells

Two examples of cell therapy using foetal neuronal cells have recently
attracted attention: treatment of Huntington's chorea and treatment of Batten's
disease.

. Treatment of Huntington's chorea

A team of French researchers directed by Mrs Anne—Catherine Bachoud-
Lévi and Mr Marc Peschanski published in March 2006 the first experimental
results of their research on the treatment of Huntington's disease by the
intracerebral graft of foetal neuronal cells.
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Huntington's disease or chorea is an incurable hereditary disease leading to
neuronal degeneration affecting the motor and cognitive functions. It ends up in
dementia. These psychiatric manifestations of the disease are accompanied by
neurological disorders leading to incoherent and abnormal movements and balance
disorders.

After the development of an experimental model in a monkey, a trial was
performed on five patients in whose brains foetal neuronal cells were transplanted.
The results of this experimentation, six years after its commencement, have shown,
for part of the sample, remissions in motor symptoms and intellectual disorders for
four or five years. On the other hand, in other cerebral regions, the transplant did
not stop the progression of the characteristic disorders of the disease.

As Mr Marc Peschanski told me, it is not a curative treatment strictly
speaking but an attenuation of symptoms. He emphasised that it would be possible
to graft only fifty patients a year at most at present and that it would therefore be
necessary to use embryonic stem cells instead. This type of trial must be pursued at
European level.

. Treatment of Batten's disease

The lysosomal disease or Batten's disease is a rare neurodegenerative
disease affecting approximately 2,000 children worldwide. It combines the
syndromes of Alzheimer's and Parkinson's disease, epilepsy, schizophrenia and
autism.

The American company StemCells obtained on 20 October 2005 the
agreement of the Food and Drug Administration (FDA) to begin a phase 1 safety
and primary efficacy trial, by using foetal neuronal stem cells.

As recalled by Mrs Ketty Schwartz’’, the first goal of this company has
been to establish the feasibility of this regenerative therapy using foetal cells. After
conducting in vivo tests on murine models of the pathology, a process was
developed to purify to a very high degree foetal neuronal cells. It was documented
that they repopulated the target tissue. Lower than 10%, this repopulation was
weak, yet considered sufficient to produce a functional improvement.

Mrs Ketty Schwartz considered that the possibility of an immunological
reaction against allogeneic neuronal cells is relatively weak, probably in the short
term, no doubt because of the specific confinement of the nervous system. No
teratoma was detected in more than three thousand animals which were treated for
periods of up to more than sixty weeks. Validation of this approach should lead this
company to develop it in more frequent neurodegenerative diseases, like
Parkinson's or Alzheimer's disease, medular traumatisms, or multiple sclerosis. Mrs

37 On 22 November 2005.
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Ketty Schwartz felt that it was a very important step for the therapeutic use of stem
cells.

= Treatment of heart disorders

Heart disorders, and especially cardiac insufficiency after the occurrence of
an infarct, have been the subject of attempted treatments by the use of stem cells.
The aim is to get the areas of the myocard affected by the infarct to recover a
certain contractility by administering contractile stem cells to them.

These cells could be bone marrow stem cells which, in certain conditions,
would be capable of producing cardiomyocytes.

Mr Philippe Ménasché et al. made the choice of transplanting skeleton
muscle cells. A small fragment of the patient's thigh muscle was removed and
placed in culture to obtain several hundred million muscle cells. These were then
injected into multiple places of the non-contractile scar of the infarct during a
conventional coronary bypass operation. Following the operation, some areas of the
myocard which received this autograft recovered a certain contractility.

= Treatment of neuronal disorders

In 1998, the existence of brain stem cells capable of producing new neurons
was demonstrated for the first time.

In 2003, Mr Pierre-Marie Lledo et al. of the Institut Pasteur/CNRS showed
that immature neurons were to be found in the deep part of the brain around the
lateral ventricles. In 2004, this team discovered that these immature neurons could
migrate towards the front part of the brain, at the level of the olfactory bulb
epithelium. They were attracted there by a molecule secreted by the latter. This
could therefore allow these immature neurons to transform into adult neurons
capable of establishing new connections. It had therefore perhaps become possible
to get these neurons to head towards damaged parts of the brain in order to possibly
participate in their repair.

But the first experiments in this respect in the mouse and the monkey have
shown that major difficulties still remain. These did not however prevent a British
team, very recently, from transplanting olfactory epithelium-derived neuron
precursors into patients.

Cell therapy and gene therapy approaches can also be combined.

¢ — Combining cell therapy and gene therapy approaches

Gene therapy can be implemented either, as we have seen, by direct gene
transfer or by the use of live cells as vectors of genes of interest.
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In this paragraph we will address the use of live cells as the vector of genes
of interest’®.

This pathway is relatively more complex than direct gene transfer. It can be
divided into three steps:

- The cells of the patient or from other origins are first isolated and
multiplied in the laboratory;

- The gene of interest is then introduced into these cells.

Genes can be introduced into cells by using two methods: transfection or
transduction.

Transfection uses physical or chemical methods. Small molecules, like, in
particular, liposomes, are employed to facilitate entry into cells of the DNA coding
the gene of interest. Brief electric shocks can facilitate this entry. However it is
difficult to control the destination of DNA. In most cases it disappears after a few
days or a few weeks. In still rare cases, it integrates the host's DNA haphazardly.

Transduction uses viral vectors for DNA transfer. Per se, viruses introduce
DNA or RNA* very effectively into cells. Genetically modified viruses can be
used to introduce almost any genetic information. In most cases the genetic
information introduced by a viral vector integrates the host cell's genome in a stable
manner.

- Cells modified this way are introduced into the patient's organism.

A still difficult to control problem in this respect is the risk of an
uncontrolled introduction into the host's genome, which can cause disorders leading
either to malign tumours or genetic dysfunctioning.

If the cells introduced are not autologous, the patient's immune system may
reject them.

This technique presents a certain number of advantages. Among these,
mention can be made of the facility and precision of the in vitro rather than in vivo
modification and the ease in multiplying cells, owing to the fact that they continue
to divide in laboratory conditions.

The disadvantages result from the fact that an additional biological
complexity is introduced owing to the live nature of these cells. In addition, the
isolation of specific cells requires not only knowing their biological markers but

* According to the National Institutes of Health 'Regenerative Medicine' 2006.

¥ RNA (ribonucleic acid) is the macromolecule formed by the polymerisation of many nucleotides of which the
sugar is ribose. It is present in the cytoplasm, mitochondria and also in the cell nucleus, and mediates the
synthesis of proteins.
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also the conditions in which they will remain alive in vitro and continue to divide.
Unfortunately the specific biological markers of a large number of cell types are
not known and cannot, as we have seen, be kept in vitro for long periods without
mutating.

These achievements and advances are therefore highly encouraging.

But as emphasised by Mr Philippe Ménasché® '[...] it should be said [...]
that in the field of cell therapy clinical trials, the experience to date is very limited
except for that of marrow grafts which have existed for a long time. Whether it is a
matter of the brain, pancreas, or heart, few patients have today benefited from cell
therapy, and to be honest it should be stated that we are incapable today of saying
whether the efficacy of cell therapy will be limited, very high or nil. Nobody can
know, even if a certain number of signs are encouraging. [...]. The first trials to
have been performed are phase 1 trials testing feasibility, tolerance and not really
efficacy. We are now going to enter the clinical trials phase designed to
demonstrate efficacy, which remains to be demonstrated. We must therefore
remaii:’ Iprudent, especially with regard to patients, and not give rise to unfounded
hopes"™'.

3 — Nuclear transposition

On 5 July 1996, the announcement by the researchers of the Roslin Institute
in Edinburgh of the birth of the lamb Dolly, the first mammal cloned from adult
cells, shook the news headlines. This event has considerably accelerated the
development of cell biology... as well as controversies.

It is first necessary to present animal cloning, outline the nuclear
transposition technique in man and take stock of its development. The prospects of
this technique will then be addressed before mentioning the attempts to obtain
embryonic stem cells without destroying the blastocyst. Lastly, it will be insisted
on the need not to confuse nuclear transposition with reproductive cloning.

a — Animal cloning

The beginnings of animal cloning date back to 1952 with the work by the
American biologists Robert Briggs and Thomas King.

Before that date, we knew about natural cloning phenomena in some forms
of invertebrates. But the cloning of invertebrates by human intervention appeared
far more complex. Robert Briggs and Thomas King began their work on frogs by
using 'somatic cell nucleus transfer'. This method had been theorised in a quite

“° On 22 November 2005.
1T put the sentences in bold.
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rudimentary manner in the 1930s by the German embryologist Hans Spemann, on
the basis of his experiments on salamanders.

Animal cloning by nuclear transposition takes place as follows:

Somatic

Unfertilized egg cell

€ €

The nucleus /{ v The nucleus
of the egg = of a somatic cell
is removed is taken out

™ The nucleus
of the somatic cell
is inserted into the

enucleated egg

Clone
embryo

Source: UNESCO Courier 2004
Special issue 'Human cloning’

This method requires removing the nucleus of a somatic cell*”. The nucleus
is then inserted in an enucleated cell from an unfertilised ovum. The transplanted
nucleus then begins to divide like in a normal cell.

By transferring embryo cell nuclei into enucleated eggs, Robert Briggs and
Thomas King succeeded in obtaining tadpoles. But difficulties appeared when
transfers were made using nuclei from more advanced cells. It then appeared that
genes from cells at a more advanced stage of differentiation changed irreversibly
and could not be reactivated. The cloning of an adult animal from one of its
somatic cells therefore appeared impossible.

“2 In other words any cell of an organism, excluding reproductive cells.



- 56 -

However, at the beginning of the 1970s, the British biologist John Gurdon
succeeded in cloning a tadpole from a somatic cell. However the application of this
method to mammals appeared necessarily more difficult than with amphibians.
First it is necessary to have mammal ovocytes, which are not very numerous and
which must be obtained by invasive methods. Then the cloned embryos must be
transferred into a 'substitute’' mother's uterus to reach gestation.

Given all these difficulties, it was thought that the cloning of mammals
would remain a remote possibility for a long time.

Therefore the birth of Dolly, using a modernised version of the techniques
of Robert Briggs and Thomas King and John Gurdon, was a considerable event,
opening up prospects of new medical techniques. It should however be recalled that
it had been necessary to perform 277 nuclear transpositions for a viable foetus to
reach the end of gestation and survive after birth.

This event was also the source of an unprecedented ethical upheaval.

The cloning of many mammal species has led, since then, to many viable
births of porcines, ovines, bovines, cats, rodents, equids and rabbits. A dog was
also created for the first time in April 2005 by Mr Hwang Woo-suk's Korean team.

The main aim of this research and these achievements is to master the
genetic engineering of animals. The commercial interest is to have similar animals,
especially to produce food (meat, milk) of constant quality. Other prospects are
mentioned, like the production of products of pharmaceutical interest in cow or
goat milk.

These results naturally received very high media coverage but we are
apparently still far from perfect mastery of this technique in mammals.

First, it should be noted that such a clone might not be a perfect clone. In
effect, the ovocyte in which the somatic cell is inserted possesses mitochondria
containing a very small coding DNA for a few proteins thus conveyed to the
embryo. But it is a subject of discussion between scientists, some considering that
this contribution is entirely marginal and inconsequential.

The cloned embryos success rate is still very low. Mr Bertrand Jordan, for
instance, stated® that 'in the mouse, it is generally necessary to treat a hundred or
so ova to obtain a single clone, i.e. a 1% yield. The figure is comparable in cows,
and also in sheep and goats. The pig appears more difficult to clone, with values of
0.1%to 0.2%'".

The success rate does not appear to have improved. Indeed, to create the
already mentioned dog, the Korean team collected on average 12 ovocytes from

“ In 'Les marchands de clones' ('Clone Merchants') Seuil 2003.
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123 females to create nearly 1,500 embryos. 1,095 of these were transferred into
the 123 females. Three commencements of gestation were recorded and two led to
a birth, one of the pups having died from pneumonia after twenty-two days. So the
success rate is particularly low.

Lastly, the ongoing debate between scientists should be mentioned on the
issue of the state of health of cloned animals which apparently present anomalies in
some cases. Knowledge of the mechanism of animal cloning from somatic cells is
therefore still patchy.

b — Technique of nuclear transposition in man and its prospects

The aim of nuclear transposition is to obtain, by derivation, embryonic stem
cell lines.

Nuclear transposition in man takes place according to the following
diagram
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Source: UNESCO Courier 2004
Special issue 'Human cloning’

The nuclear transposition process comprises three steps. Nuclear DNA
must first be removed from the ovocyte by taking care not to damage it insofar as
possible. An enucleated ovocyte and a somatic cell must then be fused. The
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ovocyte must normally give the signal allowing the reprogramming of the somatic
cell DNA. Last, the group of cells must be isolated from the internal mass of the
blastocyst and grown on culture substrates.

Everyone still remembers the tremendous scandal caused by the
falsification of data by Mr Hwang Woo-suk's team which claimed to have created
human embryos and derived embryonic stem cell lines by this technique.

Presently, only the team of Mrs Alison Murdoch and Mr Miodrag
Stojkovic, of the University of Newcastle upon Tyne, in the United Kingdom, has
succeeded in creating a human blastocyst. But no embryonic stem cell line could be
derived from it. This creation was documented in a publication* which has not
been disputed.

According to an Article in Science”, the teams engaged or having the
intention of engaging in the creation of human embryonic stem cells by nuclear
transposition are as follows:

Great Britain: apart from Mrs Alison Murdoch's team, Mr lan Wilmut, now
at the University of Edinburgh, has received an authorisation to perform human
nuclear transposition experiments. But he does not have any ovocytes. According
to him, a new British team from King’s College was about to apply for
authorisation to perform human nuclear transposition.

United States: three teams are reported to have the intention of engaging in
this work, at the Harvard Stem Cell Institute, at the University of California, San
Francisco (UCSF), and at the Memorial Sloan-Kettering Cancer Center in New-
York.

In Europe, Mr Miodrag Stojkovic has left the University of Newcastle and
set up in Spain where the legislation is expected to evolve in this respect.

Last, said article states that a team from the Institute of Biological Sciences
in Shanghai had applied for authorisations to perform work on human nuclear
transposition.

¢ — Prospects of this technique

The creation of embryonic stem cell lines by nuclear transposition could
have four fields of application: possibility of better knowledge of human diseases,
better understanding of embryogenesis mechanisms, elaboration of new research
instruments, and cell therapy.

*In Reproductive Biomedicine Online volume 11 no. 2 August 2005.
> Gretchen Vogel 'Picking up the Pieces after Hwang' Science volume 312 no.5773 28 April 2006.
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= Possibility of better knowledge of human diseases

Many of my interlocutors emphasised that work on animal stem cells, and
among them, on mice cells, was very important for fundamental aspects of biology
and embryology. This work, for instance, allows the construction of human disease
models. But they also noted that rats and mice are different from humans and that,
even if the phenomena are similar, there are major differences.

The rat's nervous system is, for example, far less complicated than a human
being's and the results obtained with such a model cannot in any case be directly
extrapolated to humans. Similarly, a cancer can, for instance, be induced in mice,
but that affecting human beings is not the same.

Obtaining diseased human material and follow-up, at cell level, of the
development of a disease are very difficult. Embryonic stem cells would be very
useful from this viewpoint.

It would indeed be possible to produce embryonic cells from which
differentiated cells could be developed characterising various pathological states.
As these cells develop very rapidly, it could thus be possible to follow, in fast-
forward mode, the development of disorders. Fully-fledged disease models would
thus be created in the laboratory. Parkinsonian embryonic stem cells or diabetic
pancreatic stem cells could be created.

= Better understanding of embryogenesis mechanisms

I feel that research work on nuclear transposition should also lead to a
better understanding of embryogenesis mechanisms.

In effect, when the nucleus becomes positioned in the cytoplasm of an
ovum, some genes are then reduced to silence while others enter into action.
Similarly, when the embryo becomes a blastocyst, errors can occur and stop this
growth.

These crucial steps are also those of the development of a future child.
Studies on nuclear transposition should therefore enable us to better understand,
and therefore, better foresee all the problems leading to spontaneous abortions and
miscarriages.

= Elaboration of new research instruments

Human stem cells could constitute an extremely useful instrument to test
new drugs.
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As recalled by Mr Marc Peschanski®®, drugs and cosmetics are today tested
on models more or less remote from the human situation, and it is difficult to test
all the effects of molecules on all the tissues of the human organism. Thanks to the
very large variety of tissues and cells which develop in embryonic stem cell
cultures, we have here a system reproducing a large part of the complex
interactions between the organism's tissues and cells.

This instrument would undoubtedly be extremely useful to test, using high-
density screening, the thousands of molecules kept in particular by large
pharmaceutical companies in their combinatorial libraries. New drug candidates
could thus be found and their efficacy and toxicity tested.

This is one of the strategic action lines of the new Institut des cellules
souches pour le traitement des maladies monogéniques, I-Stem (Stem Cells
Institute for the Treatment of Mongenic Diseases), located in Evry and mainly
supported by AFM, Inserm and Généthon.

This approach would help reduce the number of tests necessary in animals
whose physiology is different from man's. This would help decrease the
development costs of new molecules. New targets in human cells could also be
identified on which to act for therapeutic purposes.

= Cell therapy

Cell therapy would involve the use of embryonic stem cells derived by
nuclear transposition, instead of and in the place of adult stem cells which have
already been mentioned.

Two pathways open up in this field: transplantation of allogeneic cells and
that of autologous cells.

- Transplantation of allogeneic embryonic cells

The transplantation of allogeneic stem cells leads to problems of immune
rejection as with a conventional graft. Immunosuppressive drugs then need to be
used, with all their possible undesirable effects.

Mrs Anne McLaren considers that it will not be envisageable to create stem
cell lines for each patient. She therefore feels that research must be conducted on
the antigenic properties of stem cells. To her mind, rejection is due to the presence
of small proteins on the cell membrane.

The creation of embryonic stem cell banks could be envisaged which would
be used to treat patients. The problem would then arise, as with the present organ

46 On 22 November 2005.
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banks, of compatibility with receivers. Great Britain has just set up a national stem
cell bank under the aegis of the Medical Research Council.

- Transplantation of autologous embryonic stem cells

These stem cells will be produced by nuclear transposition from the
somatic cells of the patient to be treated. They will therefore possess the same
genome and will therefore not be subject to the immunological rejection triggered
by xenografts.

These uses are based on a certain number of experiments performed, in
particular, on mice. Various studies have shown that cardiomyocytes developed
from murine embryonic stem cells are capable of colonising damaged heart tissue.
Results concerning rats treated by the injection of such stem cells and which have
regained mobility were presented to me by Messrs. Jeffray Rothstein and Douglas
Kerr.

Many uses have been proposed for the employment of this type of cells.

They could for instance be used in all degenerative diseases in the repair of
lesions, or in the reconstitution of damaged organs: Parkinson's disease, diabetes,
traumatic injury of the spinal cord, Purkinje cell degeneration, Duchenne de
Boulogne muscular dystrophy, and myocardial infarction. Alzheimer's disease,
according to Mr William Lensch, would not be concerned by this type of treatment
insofar as its causes are still unknown.

It should however be emphasised that these indications are only
possibilities which remain today completely uncertain. From this viewpoint, the
case can be quoted of type 1 diabetes. While embryonic stem cells can presently be
differentiated into insulin-secreting pancreatic cells, these function very poorly
without us knowing why.

I feel that these treatments are even further off in the future as no clinical
trial, even in phase 1, is currently ongoing.

Mr Marc Peschanski however confirmed to me that Geron was going to
perform this type of trials. They are expected to consist in the injection of
embryonic stem cells into the spinal cord to obtain oligodendrocytes for the
remyelinisation of nerve fibres, which we are presently incapable of obtaining
another way. These trials were to take place at end 2005 but have had to be
postponed. They should begin either at end 2006 or the beginning of 2007.

However, as the number of trials is increasing, difficulties are beginning to
appear.
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For instance, in a very recent publication®’, American researchers reported
an attempt to treat Parksinson's disease with embryonic stem cell grafts.
Transformed embryonic stem cells capable of producing dopamine were injected
into Parkinsonian rats. The behaviour of the treated rats improved significantly
with respect to the untreated group of animals. But their autopsy demonstrated that
while transformed embryonic stem cells indeed developed, piles of undifferentiated
cells, in other words potentially cancerous, were discovered.

Another difficulty arises from the fact that after a certain length of time the
number of dopamine-secreting neurons apparently decreases. This study concludes
that it is essential to work only with completely differentiated cells. Cell therapy
with embryonic stem cells is far from perfected and we do not know when it will be
so, if that is possible one day.

Nuclear transposition leads to the creation of a blastocyst, 'precursor' of an
embryo, from which cells are extracted. Attempts have been made to obtain human
embryonic stem cells without having to destroy the blastocyst.

d — Attempts to obtain human embryonic stem cells without having to
destroy the blastocyst.

These attempts can be grouped firstly around the 'altered embryo' and cell
fusion techniques before mentioning the two most recent attempts in this field.

= The 'altered embryo' technique

Various attempts have been made to create embryonic stem cell lines
without being led to destroy an embryo.

The first technique was developed, using mice, by the team of Mr Robert
Lanza from the American company Advanced Cell Technology in 2005.

Using the preimplantation diagnosis method, a cell was taken from a mouse
embryo at a stage when it had eight. Embryonic stem cell lines could be produced
from this cell. The original embryo, in which there remained seven cells, was
implanted in the uterus of a mouse and, according to the statements by this team,
pursued its growth normally till its term.

The second attempt was that by Mr William Hurlbut who proposed an
'altered nuclear transfer' technique.

4 Nature Medicine, 22 October 2006 'Functional engraftment of human ES cell-derived dopaminergic neurons
enriched by coculture with telomerase-immortalized midbrain astrocytes'.
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The 'altered nuclear transfer' concept is based on the inactivation of a gene
essential for the development of the trophoblast, which prevents the formation of
the foeto-maternal barrier. This technique therefore produces blastocysts incapable
of becoming implanted in the uterine wall, while leaving the internal cell masses
intact.

The third method is that which has been developed by Messrs. Rudolf
Jaenisch and Alexander Meissner. It consisted in creating a mouse clone embryo
incapable of becoming implanted in the uterus by transferring the previously
altered DNA of an adult cell into an enucleated ovocyte. The embryo obtained this
way is not viable but allows embryonic stem cell lines to be grown. This approach
could not however be applied to man.

Lastly, another attempt was made recently, in August 2006, again by Mr
Robert Lanza's team at Advanced Cell Technology. The method described in the
scientific journal Nature consists in extracting one cell out of the eight or ten of a
three-day embryo. Embryonic stem cells are obtained after a series of
manipulations. According to the publication, the embryo was not destroyed,
whereas, to date, it was impossible to extract these cells without destroying the
embryo. We will return back to this case.

On the basis of the good faith of this article in Nature, the general press
conveyed this information, insisting on the fact that embryonic stem cells had been
created without destroying an embryo. However this announcement was in fact
misleading. Embryos were well and truly destroyed during this experiment.

= Cell fusion

This technique was developed and published in August 2005 by the team of
Messrs. Chad Cowan, Douglas Melton and Kevin Eggan, from the Harvard Stem
Cell Institute.

These researchers managed to fuse somatic cells, skin cells, with embryonic
stem cells. They thus obtained tetraploid hybrid cells containing twice as many
chromosomes as normal. They demonstrated that this cell fusion led to a form of
deprogramming of the skin cell genome. Part of the skin cells returned to their
embryonic stage by expressing the genes characteristic of embryonic stem cells.

Scientists had known for several years that embryonic stem cells could fuse
with somatic cells to produce hybrids similar to stem cells. By genetically
analysing hybrid cell lines, the contribution of this team has been to demonstrate
that they presented the same genetic expression profile as normal embryonic stem
cells and were very different from the original skin cells.
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The major difficult of this technique is that the cells obtained comprise 92
92 chromosomes instead of 46. They naturally could not be used as such, especially
for therapeutic purposes.

All these attempts are in fact specific to the American context which
forbids public funding of research involving destruction of the embryo.

= Recent attempts in this field

We refer here to the work by a Japanese team and that by Mr Miodrag
Stojkovic.

- Work by the Japanese team

A Japanese team directed by Messrs. Kazutoshi Takahashi and Shinya
Yamanaka of the University of Kyoto announced, at end August 2006, that they
had managed to induce, thanks to the introduction of four transcription factors, in
mice fibroblast cultures, a pluripotent character resembling that of stem cells.
Injected together, these four factors proved to be capable of transforming adult
stem cells into cells that could differentiate into dissimilar tissues.

The pluripotent character of these cells was in particular confirmed by the
formation of teratomas. The origin of these induced pluripotent cells also remains
to be determined insofar as they could come from the few rare multipotent stem
cells existing in fibroblast cultures.

It should however be noted that two of the four transcription factors are
oncogenes, of which one is central in the genesis of tumours in man.

- Work by Mr Miodrag Stojkovic's team

According to a work published on 21 September 2006, researchers studied
161 embryos donated with parental consent by an in vitro fertilisation clinic.
Thirteen of these embryos reached the stage of 16 or 24 cells before stopping. The
researchers managed to extract an embryonic stem cell line from just one of these
dead embryos.

According to Mr Miodrag Stojkovic, the aim of this research was to
demonstrate that these embryos could supply an additional source of cells to those
supplied by healthy embryos, rather than nurture competition between them.

A certain number of specialists have expressed their fears over this type of
research on account of the possibility of undetected abnormalities on stem cells
from dead embryos.

All these attempts are interesting and could have future applications: no
research pathway is to be neglected. However, we may well wonder, with Mr
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Hervé Chneiweiss®, if this type of technical artefact is needed so as not to face the
issue of nuclear transposition.

Nuclear transposition must not be envisaged without due consideration. A
certain number of questions must be taken into account, especially ethical ones, but
also others such as its possible repercussions on social protection systems. We will
refer to these issues in the last chapter of this report on ethical challenges.

I feel that the controversy surrounding nuclear transposition has arisen with
such intensity in our societies because it close to the issue of reproductive cloning
whereas it is in fact entirely different.

e — Nuclear transposition is entirely different from reproductive cloning.

Reproductive cloning is the operation consisting in: creating an embryo
bearing the same genetic information, save for the mitochondrial DNA, as the
progenitor; implanting this embryo in a uterus to trigger a pregnancy and; lastly,
giving birth to a human being. This is the transposal to the human being of the
process that led to the birth of Dolly.

I very strongly and absolutely condemn reproductive cloning.

Reproductive cloning is forbidden in France by Article 21 of Act no. 2004-
800 of 6 August 2004 on bioethics.

This article is drafted as follows: 'Any intervention is forbidden that aims at
leading to the birth of a child genetically identical to another living or deceased
person.’

This practice is punished by thirty years' criminal imprisonment and a fine
of 7,500,000 euros by Article 28 of said Act.

I approve these provisions without any reservations.

I wish to recall that the National Consultative Ethics Committee (CCNE)
considered in the conclusion to its opinion no. 54 'Answer to the President of the
Republic on the subject of reproductive cloning' of 22 April 1977, that replacement
of procreation in the human species by a reproduction method using cloning
techniques would constitute, biologically, symbolically and philosophically, a
considerable disruption gravely jeopardising the dignity of the human person’.

A certain number of international texts forbid reproductive cloning.

The 29" UNESCO Conference adopted in 1997, six months after the birth
of Dolly, the Universal Declaration on the Human Genome and Human Rights

48 On 22 November 2005.
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which the United Nations took up in 1998. This Declaration sets forth in its Article
11 that 'practices which are contrary to human dignity, such as reproductive cloning
of human beings, shall not be permitted'.

In April 1997, the European Council promulgated the 'Convention for the
Protection of Human Rights and Dignity of the Human Being with Regard to the
Application of Biology and Medicine: Convention on Human Rights and
Biomedicine' more frequently dubbed the 'Oviedo Convention'.

This and the problem it can pose will be examined in the chapter on the
organisation of research in France.

On 8 March 2005, the United Nations General Assembly had to take a
stand on a Declaration Banning Human Cloning.

This Declaration resulted from a Franco-German initiative adopted at the
78th Franco-German summit on bioethics that took place in Nantes on 23
November 2001.

On this occasion, France and Germany launched a proposal to ban human
reproductive cloning within the framework of the United Nations General
Assembly. This initiative was largely approved and a special committee of this
organisation was then tasked with studying the possibility of elaborating an
international convention on the banning of human reproductive cloning.

But the meaning of the original Franco-German initiative was diverted by a
certain number of countries.

In effect, a paragraph of this text is drafted as follows: '[...] The Member
States are invited to ban all forms of human cloning insofar as they are deemed
incompatible with human dignity and the protection of human life [...]'. This
wording therefore led this Declaration not only to condemn human reproductive
cloning but also to condemn nuclear transposition by adopting this voluntarily
ambiguous position on the defence of human life.

Finally, this Declaration, without any binding legal value, was adopted by
84 votes against 34 and 37 abstentions. All the delegations condemned human
reproductive cloning unequivocally, while a large number defended nuclear
transposition.

France voted against this text. At the time, this vote appeared somewhat
paradoxical to me. France indeed voted in New York against a resolution to ban
nuclear transposition, whereas the provisions of the Act of 2004 maintained the
principle of its ban.
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I wish to recall, as I did so during the debate in second reading of the bill
revising the 'bioethics' legislation, that nuclear transposition is entirely different
from reproductive cloning.

There is no ambiguity: the sole aim of nuclear transposition is to create one
or several embryonic stem cell lines and not to give birth to a human being.
Nuclear transposition admittedly shares transfer of the nucleus with reproductive
cloning, but it differs from it by the fact that the embryo obtained in vitro is not
reimplanted in the uterus.

I deeply regret the confusion that has been fostered far too long between the
two terms by the overly widespread use of the expression 'therapeutic cloning'.

This debate between nuclear transposition and reproductive cloning is in a
way a victim of the acceleration of the acquisition of knowledge. In effect, before
the birth of Dolly, nobody thought about condemning human reproductive cloning,
quite simply because it was felt that this was, if not impossible, at least perfectly
unthinkable scientifically! It was a subject left to science fiction authors.

The turns taken by the 'Hwang affair' appeared to bring us closer to its
achievement but also demonstrated the difficulties in achieving it.

Admittedly, and this is abundantly emphasised by the opponents of this
technique, the first steps of the processes leading to nuclear transposition and to
reproductive cloning are common.

Mr Alain Fischer developed*’ an argumentation in response to this lumping
together of the two techniques, which I adopt unrestrictedly:

[Thelargument consists in saying that this technique is potentially
dangerous for, alongside the possible benefits of a scientific or medical nature, it
may be used for reproductive cloning. This argument can be debated for 1 feel that
from the scientific viewpoint, there are today known notions as regards imprint
problems which mean that it is far from obvious. Even if this argument was
accepted, 1 feel that it is unreasonable to put it forward. Per se, a scientific
development is neutral: it is neither positive, nor negative. It is then necessary to
regulate so as to promote socially 'useful’' development, while avoiding a
development which society rightly does not want Orgn

On the same day, Mrs Anne Fagot-Largeault similarly affirmed that 'the
nuclear transfer or transposition technique is per se morally neutral. Everything
depends on how it is employed'.

iw On 22 November 2005.
591 put the sentences in bold.
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It could be noted, in line with these opinions, that there are many
techniques that can be diverted from a 'socially useful' use. I am thinking especially
of nuclear energy which, as everyone knows, can be used destructively or entirely
pacifically. And yet the same phenomena are implemented.
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Fourth part:
Research absolutely must be pursued

This research must be pursued in many fields, and we will mention the
present frameworks of its organisation in France, before turning to the European
Union and each of its States. Stem cell research has a planetary dimension with two
major poles of activity: the United States and Asia where the Republic of Korea
occupied a special place till the end of 2005.

A — Need to pursue research

This research must be pursued in many fields and needs time. Time viewed
by the media is diametrically opposed to long research time.

Cell therapy is still only in its early days but one day it will perhaps become
reality. If it is to develop tomorrow, each type of stem cell, adult and embryonic,
will have its usefulness depending on the type of disorder to be treated.

Many countries have started a major research effort. France cannot
remain outside this research field lest it lose its best life sciences researchers.

There is also a risk, as Mrs Alison Murdoch reminded me, that the
researchers of countries banning nuclear transposition will expatriate themselves to
those authorising it.

From this point of view, this movement has no doubt already started, within
the United States first, especially towards California. This is also the case for a
certain number of American researchers, towards countries like Great Britain,
Singapore or Israel. This movement is still very weak, especially after the
revelation of the Korean failure in this field. But it could gain strength if major
results were to be obtained in future years.
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1 — Pursuit of research in many fields

a — Main pathways to be explored

It is difficult to draw up an exhaustive list of the scientific fields which
must be explored, but, however, much remains to be done in terms of fundamental
research.

Taking the risk of giving a few examples of fields to be studied, mention
can be made of:

- Stem cell isolation (how to recognise them);

- Their characterisation and purification;

- Their growth;

- Their differentiation, which is a major issue;

- Their operation in their environment;

- Their autologous or heterologous insertion in a receiving organism;

- Their operation in this new environment ...

b — Possible links between stem cells and cancer

Cancerous disorders’' result from a series of genetic accidents that occur in
steps. Anomalies accumulate on genes regulating the vital processes of the cell:
division, differentiation, repair, apoptosis’-.

Loss of control over cell division is one of the main characteristics of
cancerous cells. As stated by Mr Daniel Louvard and Mrs Sylvie Robine™, 'the
cancerogenesis process can effectively be summarised as a successive loss of the
properties of cells which even forget the specialised 'work' for which they were
programmed. Tumoral cells thus return to a relatively undifferentiated state. In a
way they take the opposite course to that of stem cells which differentiate as they
divide. The study of this 'inverted mirror' can therefore help improve the
comprehension of cancerogenesis’.

At the public hearing of 22 November 2005, Mr Daniel Louvard mentioned
the issue of the relations between stem cells and cancer.

! CNRS - Institut Curie — Press communique of 15 June 2005 'Cancer colo-rectal : le géne Notch ; nouvel
acteur du développement intestinal' (‘Colorectal cancer: the Notch gene playing a key role in intestinal
development') .

52 Apoptosis fits into an active process of cell self-destruction (suicide) by cell fragmentation, the resulting
fragments being eliminated by phagocytosis.

** In Le Monde 18 June 2005.
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He recalled that the concept of cancerous stem cells, whose existence had
been postulated as early as the end of the XIXth century and which had received
renewed interest in the 1930s, was again being studied presently.

The idea that cancerous cells possess the same properties as stem cells has
indeed been acknowledged for several years. But it is only recently that techniques,
especially markers, have been developed to identify the presence of stem cells in
tumours. Thus, in 1997, cancerous stem cells were identified in certain types of
leukemias.

Mr Daniel Louvard emphasised that the issue is currently being re-
examined of knowing whether the perenniality and growth of a tumour could not be
ascribed to a minority subpopulation of cells currently called 'tumoral stem cells'.
He noted that this is what they are called without knowing in reality if they are
really stem cells or cells derived from 'progenitor cells’ which would 'themselves be
derived from stem cells'.

However, some certainties are beginning to be established. It is known for
instance, especially for brain or breast cancers, how to isolate and purify the
subpopulations in question. Mr Daniel Louvard emphasised the minority nature of
these populations by stating that to induce an experimental tumour in a mouse, it
was sufficient to inject a few tens or less than ten of so of these cells.

In addition, he drew attention to the fact that tumours cannot be eradicated
today, even after treatments have appeared to be effective. We are therefore in an
impasse 'simply because we got the wrong target, because we kill cells that
proliferate and differentiate and because we do not effectively kill the 1 to 2% of
tumoral cells populating a tumour'.

In their research activity, the teams of Messrs. Daniel Louvard and Spyros
Artavanis-Tsakonas recorded in 2005 a major success by managing to develop a
model that should help study more precisely the involvement of 'progenitor cells'
and intestinal villi stem cells in the development of colorectal cancers.

This research appears very interesting and long-term cultures of
tumorigenic cells having the properties of stem cells could offer an in vitro model
to study the cells initiating the various forms of cancer. Eventually, this could help
form instruments allowing the development of specific drugs and therapeutic
strategies to eradicate the cancerous stem cells of tumours.

This research should be given the necessary time and should not have to
adopt a rhythm prejudicial to its conduct. Time viewed by the media is
diametrically opposed to long research time.
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2 — Time viewed by the media and long research time

The public is presently wavering between fascination and mistrust as
regards science.

Fascination, for everyone knows that the present lifestyle of the greatest
part of the population of a developed country depends mainly on scientific
progress, especially as regards health.

Mistrust also, especially in the health field, insofar as the major recent
crises concerned this field, and underlying concern still exists.

However, despite this mistrust, our fellow citizens remain very interested
by scientific facts because science provides knowledge often necessary to
understand issues affecting their political, economic, social and cultural future.
Scientific culture is therefore a major challenge for our society. Its dissemination
involves various instruments including generalist media.

This is the journalistic mediation stage following on directly from the
production of information in specialised scientific journals which cannot reach the
general public. It is the journalist's job to be an intermediary between the
production of knowledge and its reception by the public. This stage is the most
visible insofar as it materialises by the presence or absence of scientific subjects in
newspaper columns, and in radio or television programmes.

I am convinced that generalist media are a favourable means of
disseminating scientific knowledge and that they play a major role in this field.
However the relations between science and the media are sometimes difficult
because their respective 'times' can differ greatly.

Science per se is barely adapted to the requirements of the mass media:

- First it has a complex content. The media must simplify this content
which forces them to erase a large number of difficulties at the risk of distorting the
initial information. Science needs time, explanation, and a reasoned discourse: it
substantiates results by lengthy demonstrations, and by rational and complex
explanations. Modern media, especially television, require rapidity, and often
'show' science without explaining it.

- Science produces few spectacular facts: it evolves slowly by successive
discoveries that are often technical and not immediately applicable. Facts alone
count and a new result must first be reproduced before being considered as
acquired. The press tends to want to announce a miracle remedy whereas science
can offer only uncertain promises and the advances it announces must previously
have been confirmed.
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- Science produces few 'media’' personalities as it is mainly based on
collective work. The media however are rather inclined to prefer highly
colourful personalities who know how to 'spin a story'.

- Science produces doubt and is open to criticism: researchers know
that their results can be invalidated by others. The media often tend to neglect
these doubts to present more appealing results.

The great danger of this situation is that of turning science into a show,
which could bring media pressure to bear on researchers. This of course does not
easily mesh with the necessary serenity of the scientific process. Researchers must
not be forced to abandon their questioning spirit and confuse their real results with
those they would like to obtain.

It will undoubtedly always be impossible to get science and media 'times' to
coincide perfectly, especially at a time when competition is getting stiffer between
media and new competitors are arriving on the Internet. But I feel it is necessary to
advocate a better match between science and the media, so that the latter do not
lose their credibility in this field.

It should be noted that there is increasing competition between world
scientific journals, as shown by various recent affairs.

B — Present organisation of research in France

We will first mention the problem posed by the Oviedo Convention, before
examining the provisions of Act no. 2004-800 of 6 August 2004 on bioethics and
the decree of 6 February 2006. It will then be necessary to take stock of research
activity in France in the field of adult and embryonic stem cells.

1 - Problem posed by Article 18 of the European Council Convention
on Human Rights and Biomedicine, known as the Oviedo Convention

a — Text of Article 18 of the Oviedo Convention
Article 18 of this Convention is drafted as follows:

“l1 — Where the law allows research on embryos in vitro, it shall ensure
adequate protection of the embryo.

2 — The creation of human embryos for research purposes is prohibited.’
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The Additional Protocol of 12 January 1998 to this Convention states in its
Article 1 '"Any intervention seeking to create a human being genetically identical to
another human being, whether living or dead, is prohibited.”

France has not yet ratified either the Convention or its additional protocol.

b — Problem posed

The first paragraph of Article 18 does not pose any specific difficulty,
emphasising only the need for the law to ensure adequate protection of the embryo
when research on embryos in vitro is allowed.

On the other hand, the second paragraph, as underscored by the
'Explanatory Report®* of this Convention, 'prohibits the creation of human
embryos for research purposes'.

I feel this provision is not sufficiently clear insofar as it could ban nuclear
transposition. This point should be clarified before France possibly ratifies this
Convention.

The provision of Article 1 of the Additional Protocol prohibiting human
cloning must also be clarified. The Netherlands, for instance has clarified this point
in a note of 29 April 1998 by declaring that it interpreted the term 'human being' as
referring exclusively to a born human individual.

It is therefore entirely desirable that this provision should also be debated in
France and, if applicable, interpreted in the same way as in the Netherlands. This
will be a recommendation of this report.

2 — Article 25 of Act no. 2004 — 800 of 6 August 2004 on bioethics

This Article 25, of which the text is annexed to this report, provides that, in
addition to the ban on reproductive cloning:

'the in vitro conception of an embryo or the creation of a human embryo by
cloning for research purposes is banned;

A human embryo cannot be conceived or created by cloning, or used for
commercial or industrial purposes;

Any creation of a human embryo by cloning for therapeutic purposes is
also banned".

Article 28 of the Act, which was supported by the bill rapporteur at second
reading, sets forth that non-compliance with any of these three provisions shall be
punished by seven years' imprisonment and a fine of 100,000 euros.

5% Available at http://conventions.coe.int/Treaty/fr/Reports.
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It also sets forth the principle of the ban on research on the embryo, along
with the possibility of derogations, and lays down the intervention of the
Biomedicine Agency created by Article 2 of the Act. Delay in implementing this
Act have made it necessary to introduce a transitory regime.

a — Principle of the ban on research on the embryo, along with the
possibility of derogations

Research on the embryo is banned, but possibilities of derogations are
provided for.

Research on the embryo and embryonic cells can be authorised by
derogation for a period limited to five years if:

- It is likely to allow major therapeutic progress;

- Provided it cannot be pursued by an alternative method of comparable
efficacy, in the present state of scientific knowledge.

Unlike the 1994 legislation, which formally banned any research on the
human embryo, the 2004 Act sets forth, by way of derogation, for a five year
period, the possibility of conducting research on human embryos and embryonic
stem cells.

The criticism I made of the notion of 'major therapeutic progress' on 9
December 2003, at the National Assembly, at the second reading of the bill,
still remains valid.

In effect, this notion can be interpreted strictly and it then restricts
considerably the scope of the possible authorisation, bearing in mind the scale
of the fundamental knowledge remaining to be acquired in this field. On the
contrary, if a broad interpretation of this provision is adopted, it is then barely
possible to discriminate between research that can be authorised and other
research.

I feel these provisions are still highly tinged with hypocrisy as we do not
know if it is finally a matter of allowing or refusing research on the embryo. I feel
this maintains a certain cloudiness around this matter, likely to discourage and
demotivate researchers.

The second necessary condition to authorise research on the embryo is also
highly criticisable, leaving too much room to interpretation. If it is shown, at the
time of the appraisal, that in practice this restriction was not finally applied, that
would automatically weaken the authority of the law.

According to the law, this research can be performed 'only on embryos
conceived in vitro in the framework of medically assisted procreation, and which
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are no longer required for fertility treatment purposes' after written consent of the
donor couple.

It should also be emphasised that it is now possible, after agreement of the
Biomedicine Agency, to derive lines from embryos discarded after PGD insofar as
they have therefore become spare. This is a positive application of the law which
will allow researchers to have abnormal cell lines. These, as we have already
mentioned, will be very precious in studying the evolution of many diseases.

b — Procedures for this research: intervention of the Biomedicine Agency

This type of research cannot be undertaken unless its protocol has been
authorised by the Biomedicine Agency created by the bioethics Act.

The Biomedicine Agency can authorise this research only on the basis of its
scientific relevance, the manner of its implementation with regard to ethical
principles, and its interest for public health.

This Agency must also previously authorise imports of embryonic stem
cells or foetal tissues as well as their export. An authorisation is also required from
it to store these products.

The ministers of health and research can appeal against the Agency's
decisions. They can ban or suspend the execution of a protocol if its scientific
relevance is not established or if ethical principles are not respected. They can also
ask the Agency for a new examination of a protocol it has refused.

The Act laid down in the last paragraph of Article 25 that a decree would
fix the conditions for the authorisation and implementation of research on human
embryos. Pending the publication of this decree, Article 37 provided for a
transitory regime.

Delay in implementing the Act made it necessary to introduce a transitory
regime which lasted until 6 February 2006, i.e. eighteen months.

¢ — Delay in implementing the Act: the transitory regime
The provisions of Article 37 of the 2004 Act were therefore applied.

These set forth that authorisations, which are issued by the Biomedicine
Agency (use for study and research purposes, storage, import and export), are
transitionally to be issued jointly by the ministers for research and health after
obtaining the opinion of an ad hoc committee. Its members, scientific experts and
non scientific members, were appointed by the order of 28 October 2004, and its
first meeting took place on 25 November 2005.
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From September 2004 to February 2006, 40 authorisations were issued by
the competent ministers, thus allowing ten or so teams to start research.

At the public hearing of 22 November 2005, a certain number of
researchers present regretted the length of time to obtain an authorisation and the
lack of flexibility of the procedures.

The length of time to obtain an authorisation was around approximately
four months. This seems reasonable bearing in mind the newness of the procedures
and compared with the situation in Great Britain where this period of time was
approximately six months according to Mrs Alison Murdoch and Mr M Ian
Wilmut. The lack of flexibility of procedures must have been real, but the
Biomedicine Agency took account of this experience.

This committee therefore had to examine dossiers on the basis of the
criteria set by the legislation. It is interesting to examine how, according to the ad
hoc committee's report, the criteria regarding 'major therapeutic progress' and
'absence of an alternative method of comparable efficacy' were respectively
envisaged.

= Criterion regarding 'major therapeutic progress'
The activity report notes in this respect:

“The committee considers that the therapeutic purpose is not limited to
research on therapeutic applications and that fundamental research as the
prerequisite for therapeutic applications is included in this purpose. It therefore
feels that research whose therapeutic applications are remote can be considered as
likely to allow major therapeutic progress insofar as it constitutes a prerequisite
for projects with more direct therapeutic applications.

The committee however requires applicants, even if no result can be
expected in the short term, to specify the therapeutic applications to which their
project could lead [ ...] .

The committee therefore refused an authorisation for a dossier referring
merely to cosmetology research.

It can be seen that the committee was thus obliged to have an extensive
conception of 'major therapeutic progress' to be able to authorise applications. As I
noted in December 2003, this makes these words of the legislation inoperative.
They should therefore be deleted.

= Criterion regarding the 'absence of an alternative method of comparable
efficacy’

The committee considers from this viewpoint:
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'The committee examines the information supplied by the team on the
alternative methods based, in particular, on the use of adult stem cells. It takes
pains, in particular, to check if research has already been undertaken on animal
embryonic stem cells but does not require this research to have already produced
conclusive results on animals. The absence of results on animal cells does not lead
it to refuse research being undertaken on human embryonic stem cells [...]".

Here again the committee is obliged to apply the provisions of the
legislation very broadly. These provisions should not be kept either.

We will see at the end of this chapter that I propose to replace these
provisions, which have not proved their efficacy, by those provided for by the text
voted at first reading by the National Assembly in January 2002.

By allowing ten or so teams to start research on stem cell lines of foreign
origin, the ad hoc committee has played a very positive role in the commencement
of research in France on embryonic stem cells. All of those heard at the public
hearing's day acknowledged this.

However, 1 feel that this delay in the implementation of the Act has
been entirely excessive and extremely prejudicial to researchers and the
organisation of research in France.

3 — Decree no. 2006-21 of 6 February 2006 on research on the embryo
and on embryonic cells and modifying the public health code55

The first paragraph of this decree attempts to clarify ' major therapeutic
progress '. It is drafted as follows:

“Are in particular likely to allow major therapeutic progress, according to
Article L. 2151-5, embryo and embryonic cell research pursuing a therapeutic goal
for the treatment of particularly serious or incurable diseases, as well as the
treatment of embryo or foetal disorders.”

It can be seen that the therapeutic prospect is the goal, which gives quiet a
broad scope to research and should not hinder it. This is therefore closely akin to
the ad hoc committee's appreciation of this point.

This decree therefore allows researchers to create and work on human
embryonic stem cell lines from spare embryos conceived in vitro in the framework
of medically assisted procreation in the French territory, and on imported cell lines
created in the same conditions.

Three types of research are authorised, using:

%5 The text of this decree is appended.
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- Spare embryos that are no longer required for fertility treatment purposes.
The parents must give written consent for the donation of the embryo for research,
without remuneration. This consent, once given, must be reaffirmed after a three-
month reflection period;

- Embryos in a condition unsuitable for reimplantation or for storage for a
future pregnancy, provided the parents give their authorisation;

- Embryos carrying an abnormality screened for in preimplantation
diagnosis, provided the parents give their authorisation.

The decree specifies the procedures for authorising research on the human
embryo and on embryonic stem cells.

These authorisations are now issued by the Biomedicine Agency.

4 — The Biomedicine Agency

Created by Article 2 of Act no. 2004-800, the Biomedicine Agency is a
public administrative establishment under State control (ministry of health). It has
taken over from the Etablissement francais des greffes (French transplantation
agency), and therefore deals with the four fields of graft harvesting and
transplantation, embryology, procreation and genetics.

The Biomedicine Agency intervenes as regards the authorisation of
research, external exchanges, traceability, and the follow-up and monitoring of
research.

a — Authorisation of research

It examines and authorises the research protocols proposed by French
scientific teams.

Having completed a standard dossier, applicants send in their application to
the Agency in accordance with a schedule of transmission periods fixed by the
director general. In 2006, for instance, these periods were as follows: 1 March - 30
March; 15 May - 15 June; 1 October — 30 October.

If the dossier is admissible, the director general must take his decision
within four months of the end of the transmission period in question. Any request
for additional information prolongs the time period.

Each research project is assessed by two scientific experts appointed by the
Agency's director general. A debate then takes place within the college of experts.

The project is then studied by two rapporteurs, members of the Agency's
orientation council, who present it to this body.
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The orientation council gives its opinion.

This council brings together scientific and medical experts, human sciences
experts, representatives of associations and of various institutions, and
parliamentarians. It makes sure the Agency's action is coherent, and ensures
compliance with the regulatory and ethical principles applying to these activities.

The director general then takes his decision which is communicated to the
ministers for health and research.

If the Agency takes a negative decision, the ministers may ask it to
reconsider the protocol. Should a positive decision be taken, the ministers may
cancel or suspend the protocol if its scientific relevance is not established or if
ethical principles are not respected.

b — Authorisation of external exchanges

Any organisation wishing to import foetal tissues or embryonic cells must
obtain a research or storage authorisation. It must ensure that these tissues or cells
have been obtained in compliance with ethical principles as stated in the bioethics
Act and, especially with the consent of the parents and without remuneration.

The Agency is also empowered to authorise exports of these tissues and
cells.

¢ — Traceability

The Agency holds a national register of embryos and human embryonic
cells, the information being transmitted by the bodies authorised to create or import
such lines. These bodies must also hold a register of the biological equipment held.
Identification systems ensure traceability of embryos and the cells derived from
them, while assuring anonymity for the persons donating embryos.

d — Follow-up of research

After the protocol has been approved, the person responsible for the
research must send the Agency an annual progress report on the work and a final
report at the end of the authorisation. If the protocol is modified while research is
being conducted, such modifications must be submitted to the Agency which
considers them according to the same process as the initial application.

e — Monitoring of research

The Agency can perform inspections with its personnel. Mrs Carine Camby
told me for instance that an inspection is made within 18 months of an
authorisation. Should legislative or regulatory provisions be breached, or if the
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authorisation framework is not complied with, the research can be suspended for a
maximum three-month period by the director general who accordingly informs the
orientation council.

Admittedly it is too early to make an appraisal of these arrangements but I
feel they are entirely satisfactory. The community of researchers also apparently
expresses its satisfaction.

The Agency has already authorised 10 research projects on embryos.

5 — What is France's commitment as regards stem cells?

France's situation is characterised by a weakness of financial and human
means, making public intervention necessary.

a — Weakness of human and financial means
= Human means

There is a very great contrast between the number of teams working on
embryonic stem cells and on adult stem cells.

Indeed, while ten or so teams are working — or, for some of them, are
going to work — on embryonic stem cells, several dozen teams are conducting
research on adult stem cells. I mentioned some of these teams in the passage on
adult stem cells.

However, while there is no difficulty in knowing about activities involving
embryonic stem cells, because authorisation is necessary, the same does not apply
to adult stem cells.

The exact number of teams involved in research on adult stem cells is
apparently not at all known precisely. Research teams are recorded on the basis of
the therapeutic purpose of their studies, for example neurological studies, rather
than on that of the means employed, for instance cell therapy. It would however
definitely be useful for a precise list to be made of all the activities undertaken in
France on adult stem cells. This will be a recommendation of this report.

This disproportion of activity between embryonic and adult stem cells is
entirely normal, given the fact that until the 2004 Act was voted, it was forbidden
in France to work in the embryonic stem cells field. The present consequence is
however a major lack of competences in this speciality which it was banned to
exercise in France.

It will no doubt take quite a long time to set up a large number of teams
competent in this field. One way of quite rapidly obtaining these competences
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would be to get a certain number of post-docs currently in jobs abroad, and
especially in the United States, to return to France.

During my trip to that country, I therefore met a large number of these
French post-docs. Some told me of their desire to return to France but admitted
they were concerned about finding not very favourable work conditions.

A few have nevertheless returned. Some have found entirely satisfactory
work conditions, but the problem of their remuneration remains a major issue. They
have often had to accept a considerable financial sacrifice.

= Financial means

The financial effort and very great activity of Inserm in this field are to be
emphasised.

Mr Christian Bréchot indeed stated®® that 'for several years, Inserm has
committed significant sums in this field. [...] Inserm spends for instance 15 million
euros, in aggregate cost, for the units working in this sector'. Until now, the very
great majority of Inserm's expenditure was devoted to adult stem cells, given the
legislation in force.

Apart from these sums, 'since 2001, Inserm has, with several partners,
especially the Association Frangaise contre les Myopathies (AFM — French
Association against Myopathies), Juvenile Diabetes Research Foundation (JDRF),
Vaincre la mucoviscidose (VLM — Overcoming Mucoviscidosis Association), and
the Ministry of Research, etc., supported project programmes to the tune of 8 to 10
million euros in all, leading to nearly twenty-four research projects being
submitted'.

As part of these activities conducted since 2001, Inserm has launched three
invitations to tender for the creation and support of research projects and networks
having therapeutic aims regarding adult stem cells:

- 2001 invitation to tender (AFM and Inserm): support for fifteen projects
funded over two years: 1.22 million euros, including 300,000 euros per year
provided by Inserm;

- 2002 invitation to tender (VLM, AFM, Ministry of Research, Inserm) :
support for sixteen projects funded over eighteen months: 1.77 million euros,
including 366,000 euros provided by Inserm;

- 2003 invitation to tender (Ministry of Research, AFM/JDRF, Inserm,
'adult stem cells research programme': thirteen projects funded for three years: 3.9
million euros, including 260,000 euros per year for three years provided by Inserm.

% On 22 November 2005.
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The research fields mainly concerned by these invitations to tender are
haematology, dermatology, cardiology, neurology and hepatology.

Lastly, Mr Christian Bréchot recalled the importance of European projects
based on the use of stem cells, including the Genostem programme on
mesenchymal stem cells, resulting from the 6™ Framework Programme for
Research and Development (FPRD), which has an appropriation of 8.7 million
euros and a planned length of four years, from 2004 to 2008. This programme will
be presented in the chapter on the organisation of research in the European Union.

Mr Michel Van der Rest stated®’ for his part that the 'stem cells' topic
concerned approximately 10% of the research potential of the 'Living organisms'
department at the Centre national de la recherche scientifique (CNRS — National
Centre for Scientific Research). He added that the sums involved at CNRS
probably represented approximately 7 million euros.

These are considerable sums but not commensurate with the challenge or
the effort undertaken in this field by other countries like Great Britain.

b — Need for public intervention

All my French and foreign interlocutors particularly insisted on the need for
public intervention in this research sector, insofar as, for reasons we will examine
in the last part of this report, the investment of private companies in France is
currently practically completely absent.

Public intervention is necessary for, as we have seen, stem cells are still a
fundamental research field which must be developed to attract private investment in
the future. Mr Philippe Pouletty therefore emphasised that 'if States do not make a
very great funding effort for research on this type of innovation, private companies
and investments will not be able to take over'.

From this viewpoint, I feel that the present French policy is totally
unsuitable insofar as no public funding is visibly assigned to this field.

For instance, no invitation to tender has been made by the new Agence
nationale de research (ANR — National Research Agency) as regards stem cells,
whether adult or embryonic. [ was told that ANR programmes are organised on the
basis of their therapeutic purpose and not on that of means. Stem cells may
therefore be concerned by research on such or such a type of disease.

I feel that research on the topic of adult and embryonic stem cells must be
brought into the limelight. The State must indicate its priorities through the
ANR's invitations to tender which will thus exercise a leverage effect on the

7 On 22 November 2005.
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sector and could also lead to a grouping of teams in poles of excellence. These will
be recommendations of this report.

The public effort is thus easily identifiable and must also be perennial, in
proportion to this sector which implies long term research.

A certain number of structures that can serve as a model for these
groupings in poles of excellence are beginning to exist. This is the case of the pole
in Evry where Génopole and the young structure I-Stem are already located. I-Stem
is the stem cells institute for the treatment of mongenic diseases, supported and
funded by the AFM, Inserm, the University of Evry Val d’Essonne and Génopole.
The Essonne General Council also participates in funding various pieces of
equipment.

It does not however appear useful to physically bring together all teams
working on stem cells. The aim would rather be to create a 'wall-less laboratory'
structure bringing together public and private competences in the field of
embryonic and adult stem cells so as to achieve cross-fertilisation of all the work.
This type of structure would also have the very great advantage of avoiding a
'sprinkling' of public and private means, the latter being mainly of associative
origin.

6 — Legislation on embryo research is to be changed and nuclear
transposition legalised

a — Legislation on embryo research is to be changed

This legislation is to be changed by deleting the provisions of Article 25 of
the Act of 6 August 2004 that are taken up in the drafting of the first four
paragraphs of Article L 2151-5 of the public health code.

On the other hand, the provisions on the role of the Biomedicine Agency
will be kept as it has been devised in a balanced manner and its operation has been
satisfactory to date.

I propose that the deleted provisions be replaced by those of the first two
paragraphs of Article 2151-3 of the public health code, in the drafting given by
Article 19 of the bioethics bill voted at first reading by the National Assembly in
January 2002 and whose text is appended. This will be a recommendation of this
report.

The first paragraph of this text sets forth that 'research on the human
embryo and embryonic cells is authorised which has a medical purpose, provided
it cannot be pursued by an alternative method of comparable efficacy, in the
present state of scientific knowledge'.
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This text appears more balanced to me and free of the hypocrisy of the
provisions adopted in 2004.

b — Nuclear transposition is to be authorised

I feel that this authorisation is now essential to allow France to remain a
major scientific nation and to encourage a certain number of French post-docs to
return. This will be a recommendation of this report.

This legislation must be preceded by a major public debate, which could be
organised by the Biomedicine Agency.

This agency should be tasked by the future Act with a major role regarding
the implementation of this new legislation which shall provide for strict monitoring
of nuclear transposition.

These two legislative modifications should not wait until the end of the
period laid down by the 2004 Act, i.e. 2009, but should start to be debated as of
2007, after the election dates. This will be a recommendation of this report.

I sincerely hope we take advantage of the pre-electoral period to debate
these issues in a very broad democratic debate.

I am not hostile to nuclear transposition, apart from the issue represented by
ovocyte donation. I feel it is necessary to authorise this technique, on the one hand,
for fundamental research and, on the other hand, given the international context, to
avoid France and Europe losing their footing in this essential field.

I feel that the situation has evolved since 2004 and that it is probably
possible to reach a political agreement on the authorisation of this technique. I
have thus seen with great interest that opponents to this measure in 2004 have
publicly changed opinion. This makes me very pleased for this will strengthen the
chances of French research in international competition.

But there is an absolute prerequisite: the ethical conditions of ovocyte
donation are to be determined. I will address this issue in the last part of this report.

C - Organisation of research in the European Union

The European Union intervenes in research on stem cells through the
Framework Programmes for Research and Development (FPRD).

Framework programmes are the main financial instruments of the
intervention of the European Union regarding research and development in nearly
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all scientific disciplines. A framework programme is proposed by the European
Commission and adopted by the Council of Ministers and European Parliament in
accordance with a codecision procedure.

Framework programmes have existed since 1984 and cover a five-year
period beginning in the last year of the previous programme and ending in the first
year of the following programme.

The present framework programme, the sixth, began in 2002 and is to end
at the end of 2006. The seventh framework programme, for its part, is to begin on 1
January 2007 and finish in 2013, in other words an exceptional length of seven
years.

1 - Sixth Framework Programme for Research and Development

Under FP6, the European Union has funded collaborative research projects
on stem cells. These projects concern stem cells either as subjects of study in
themselves, or as discovery means, or biological tools of broader projects. On the
other hand, projects using stem cells as non-specific tools, for instance to create
animal models, are not included in it insofar as they are used by all laboratories on
a daily basis.

These research programmes are grouped under seven chapters™ :

- Understanding - Fundamental knowledge relevant to human health
14 programmes, allocation: 107,893,900 euros

- Developing - Tools for new therapies and medicines
14 programmes, allocation: 83,278,920 euros

- Repairing — Preclinical and clinical studies for diseases and impairments
5 programmes, allocation: 18,057,200 euros

- Treating — Improvement of standard hematopoietic stem cell
transplantation
3 programmes, allocation: 15,500,000 euros

- Building — Tissue engineering
14 programmes, allocation: 69,076,405 euros

- Testing — Alternatives to animals for toxicology tests
2 programmes, allocation: 11,359,754 euros

- Valuing — Ethical, legal and societal aspects

% Source: European Commission: 'Stem Cells. European research projects involving stem cells in the 6"
Framework programme' 14 December 2005.
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5 programmes, allocation: 4,834,514 euros
These research programmes concern adult stem cells.
FP6 has totally excluded from its funding research aimed at:

- The creation of human beings by reproductive cloning;
- Modification of the human genome which may be transmissible;

- The creation of human embryos for research purposes or for the purpose
of creating embryonic stem cell lines, in other words nuclear transposition.

As regards human embryonic stem cells, European funding was reserved
for projects concerning the derivation and use of cells from spare embryos that
would have been destroyed and for which the parents had authorised donation for
research.

But this type of stem cells was accepted only in specific cases as no
invitation to tender concerned them directly and alone. Priority was therefore given
in all circumstances to research on adult stem cells.

However, fourteen programmes comprising at least one research
component involving human embryonic stem cells were nevertheless funded by
this FPRD.

Only one of these programmes was entirely devoted to human embryonic
stem cells. This is the ESTOOLS programme devoted to the characterisation of the
52 human embryonic stem cell lines. It has been allocated a 12 million euros
budget and groups twenty participants from ten different countries.

Before addressing the 7" Framework Programme, it appears interesting to
refer rapidly to the Genostem project, a major project coordinated by Inserm

The aim of Genostem is to develop research on adult stem cells to repair
conjunctive tissue in inflammatory diseases. This programme has been allocated a
budget of 8.752 million euros and groups 23 partners from 9 European countries
and Israel.

Genostem has three goals:

Fundamental research: phenotypic and genetic characterisation of
mesenchymal stem cells, thanks to new tools developed in genomic and proteomic
technological platforms;

+ Pre-clinical trials in animals;

+ Treatment of inflammatory diseases by the search for methods of
delivering growth factors and allowing the regeneration of cartilage, tendons and
bone.
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A recent discovery is to be credited to this project. In effect, the Israeli team
that is part of this project obtained, in the rat, the repair of a tendon damaged by the
transplantation of modified mesenchymal cells. The next step of this research will
be the performance of trials in a bigger animal.

The first appraisals of FP6 will be made in the months ahead at the time of
the commencement of FP7.

FP7 has been difficult to elaborate in the field of embryonic stem cell
research.

2 — Difficult elaboration of the seventh FPRD as regards embryonic
stem cell research

The discussion prior to the elaboration of FP7 as regards stem cell research
gave rise to certain difficulties. These result from the different approaches in
Europe as regards embryonic stem cells, as we will see in detail in the following
chapter, country by country.

In effect, some European countries are hostile to research on human
embryonic stem cells. They either purely and simply ban it, like for instance
Austria, or have a more ambiguous attitude, like Germany which bans their
creation but authorises their import.

Throughout the preparation of FP7, opposition to Community funding of
this research remained strong both at the Council of Ministers and the European
Parliament. But changes have occurred in recent months.

For instance, on 15 June 2006, the European Parliament gave a decisive
vote in this field in favour of the explicit possibility of FPRD support for this type
of research in the Member States where it is authorised.

At the Council of Ministers, the new recently elected majority in Italy
decided no longer to oppose Community support for this research. The major
consequence was that countries wanting a ban of this research no longer had a
blocking minority at the Council of Ministers.

On 24 July 2006, the EU Council of Ministers finally approved the funding
of research on embryonic stem cells.

This agreement provides for the authorisation, under conditions, of the
funding out of Community funds of research activities involving human
embryonic stem cells.
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This research will be highly framed. It will concern only projects using
already existing embryonic stem cell lines and will be implemented only in
Member States where it is authorised.

It was under these conditions that a compromise was obtained, although
five of the Member States refused to sign the final text: Poland, Austria, Malta,
Slovakia and Lithuania.

The European Parliament should be in a position to vote the text at its next
session of 29-30 November 2006. The Council of Ministers, for its part, should be
able to take its final decision on 5 December 2006. FP7 should therefore be adopted
on that date as well as the specific programmes and participation rules. The first
calls for proposals should be launched at the end of December or the beginning of
January 2007.

Under the pressure of Germany, the ministers added a Commission
statement whereby it commits not to present, before the Committee of Member
States which must give its agreement on a case per case basis, research
programmes involving the destruction of human embryos, including the harvesting
of stem cells. Only projects on already established line will be funded.

This situation is likely to considerably jeopardise European research by
encouraging researchers to head to places where they are authorised to work and
can find considerable funding. This is likely to even further accentuate the diversity
of situations of EU countries.

D - Diversity of the situation in EU countries

We will briefly present the situation in the various EU countries as regards
human embryonic stem cells, adult stem cells not raising any specific problems.

1 — Austria

The main Acts on embryonic stem cells are the Act on genetic techniques
and the Act on medically assisted procreation.

The first text, dating back to 1994 and amended in 1998, addresses genetic
analyses on man, gene therapies and genetically modified organisms. The second,
dating back to 1992 and amended in 2001 and 2004, is devoted to artificial
insemination and embryo transfer.

According to the latter Act, cells capable of developing, in other words
fertilised ovocytes and embryonic stem cells deriving from them, can be used only
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for medically assisted procreation. Their therapeutic use and research on them are
banned. Nuclear transposition is therefore also banned. This text also prohibits any
intervention on germ cells.

Austria refused to sign the European Council Convention on Human Rights
and Biomedicine (Oviedo Convention) and its additional protocol, considering that
Austrian regulations were more strict and more explicit.

2 — Belgium

Research on embryos and embryonic stem cells is governed by the Act of
11 May 2003.

According to Article 3 of this Act, research on human embryos in vitro is
authorised, if in particular:

- It has a therapeutic purpose or is aimed at the advancement of knowledge
on fertility, sterility, organ or tissue grafts, and the prevention or treatment of
diseases;

-It is based on the most recent scientific knowledge and meets the
requirements of a correct scientific research methodology;

- It is performed in an approved laboratory;

-1t is conducted on an embryo during the first fourteen days of
development, excluding the frozen period;

- There is no alternative method of comparable efficacy.

Article 4 of this Act authorises nuclear transposition by banning the
creation of an embryo in vitro for research purposes except if the aim of the
research cannot be reached by research on spare embryos.

It is interesting to note that the second paragraph of this Article 4 tries to
settle the ovocyte donation issue by setting forth that 'the stimulation of ova is
authorised if the woman concerned is of age, gives her agreement in writing, and if
this stimulation is scientifically justified'.

Lastly, Article 6 of this Act bans reproductive cloning.

According to the scientific department at the French embassy, research on
embryonic stem cells does not appear to be a subject of political debate.

3 - Cyprus

There is currently no specific legislation in this field in this country.
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4 — Czech Republic

The Act of 12 May 2006 lays down that human embryos cannot be created
to pursue research (ban on nuclear transposition). On the other hand, research can
be performed on spare embryos, whether Czech or imported, from assisted
procreation.

This Act authorises the creation of new embryonic stem cell lines. Research
can be performed only on nationally created lines or ones imported from countries
complying with the laws and regulations of the Czech Republic or on spare
embryos from assisted procreation. This research can be pursued only if it leads to
the development of diagnosis and therapeutic progress, once conventional animal
experimentation resources have been exhausted.

At the University of Masaryk in Brno, the Faculty of Medicine biology
department groups fifty or so persons working on human embryonic and adult
stem cells and on animal stem cells.

5 — Germany

a — Legislation

The Act on protection of the embryo of 13 December 1990 entered into
force on 1 January 1991 and bans in particular:

» The creation of human embryos for research;

+ Any use of human embryos for purposes other than their storage;

- Gene transfer into human germ cells;

+ The extraction of totipotent cells from a human embryo, for instance for
research or diagnosis;

+ Cloning;

* The creation of chimeras and hybrid beings from animals or humans [...].

The Act of 28 June 2002 however authorises German researchers to work
on imported human embryonic stem cell lines provided they were established
before 1 January 2002.

This date was set before the entry into force of the Act to prevent the
import authorisation from encouraging the creation of spare embryos abroad. Only
cells produced from spare embryos initially created for reproductive purposes and
no longer required for fertility treatment purposes can be imported but without
remuneration.
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Lastly, the import of embryonic stem cells and the use of embryos must not
infringe the regulations of the countries of origin of the cells and the German Act of
13 December 1990.

b — Research projects

Research projects must be examined and assessed by the Central Board for
Stem Cell Research Ethics to determine if they meet the legal requirements and are
justifiable from an ethical viewpoint.

In Germany, as in France, only research on human embryonic stem cells
likely to allow major therapeutic progress and that cannot be conducted by an
alternative method of comparable efficacy is authorised. Presently, 19 research
projects using human embryonic stem cells are authorised.

Differences in legislation between France and Germany make Franco-
German cooperation in this field very difficult. No such cooperation exists at
present.

¢ — The debate in Germany

As seen, the German law is very restrictive. The regulation on the date of
import of stem cells forms the crux of the debate.

Scientists criticise in particular the penalties risked by German researchers
participating in international research projects on embryonic stem cells established
after 1 January 2002.

From a scientific viewpoint, they consider that the quality of human
embryonic stem cells available in Germany is deteriorating as time goes by.

The German government apparently does not want to modify the current
state of legislation applicable, in particular regarding the last permitted date for the
production of stem cells. It has been seen that a number of difficulties in the
negotiation of FP7 were due to the German attitude in this field. A number of
German scientists dread that their country will fall considerably behind in this field
and therefore fear a brain drain.

6 — Denmark

The Danish Act of 1997 on medically assisted procreation was amended on
1 September 2003, thereby allowing research on human embryonic stem cells, in
order only to acquire new knowledge to improve patient treatment possibilities.

Nuclear transposition is presently banned.
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Embryonic stem cell lines can be created from spare embryos only for a
research project approved by the Danish National Committee for Biomedical
Ethics, and after the donating couple has consented.

7 — Estonia, Lithuania, Latvia

Research on human embryonic stem cells has not reached a significant
level in these countries. The authorities of these countries have not yet legislated on
this matter.

8 — Greece

The Act of 23 December 2002 authorises the use of spare embryos for
therapeutic and research purposes, with the prior and informed consent of the
persons concerned.

This Act explicitly bans nuclear transposition.

9 — Spain

Until 2003, the Act on assisted procreation banned the creation and use of
healthy embryos for scientific research purposes.

The Act of 21 October 2003 authorised research using stem cells from
spare frozen embryos no longer required for fertility treatment purposes.

This legislation was preceded by two initiatives undertaken in Andalusia
and in the Autonomous Community of Valencia. In these two regions, several
human embryonic stem cell lines were created from human embryos before this
practice was legalised nationally.

With the return to power of the PSOE, these local initiatives have been
incorporated in a stem cells decentralised national network.

In September 2006, the Spanish government announced it had prepared a
bill authorising nuclear transposition, which will be submitted to the vote of the
Spanish deputies.

10 — Finland

Finland is in a somewhat ambivalent situation. The law does not explicitly
allow nuclear transposition, but it is accepted that as this technique is not explicitly
banned, it is 'accepted' only as part of clinical research.
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The 1999 research Act authorises the creation of human embryonic stem
cell lines from spare embryos from in vitro fertilisation whose storage period, in
theory three years, has expired. Consent of the two gamete donors is necessary
before beginning any research, and prior approval of the Ethics Committee is
essential.

Given these flexible regulations, research centres have developed in
Finland in this field in Helsinki and in Tampere.

11 — Hungary

This country's legisalation dates back to the middle of the 1990s and is
similar to that of Germany, in other words reproductive cloning is of course banned
as well as nuclear transposition.

A certain number of research centres are active in the human embryonic
stem cells field. The lines used are those listed in the NIH register and come from
the United States, Great Britain and Singapore.

12 —Ireland

Ireland's constitution guarantees the right to life but does not give a legal
definition of the 'non-born'.

This situation creates a legal vacuum for a certain number of questions and
in particular research on human embryonic stem cells.

The Medical Council of Ireland, the body regulating the medical
profession, has made ethical recommendations explicitly banning research and
experiments on embryos. But the research and experiments concern only doctors
and not researchers.

The cultural and scientific cooperation department of the French embassy
noted that 'technically, Irish researchers could work on embryonic stem cells or
stem cell lines, but it is difficult to know if they indeed do so, in any case, they do
not publicly admit so'.

13 — Italy

Reproductive cloning and experimentation on the embryo are banned.
Clinical research and experimentation on the embryo are accepted only for
therapeutic and diagnostic purposes, to guarantee its health and development, only
if there are no alternative methods.
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Nuclear transposition, as well as the production of embryonic stem cell
lines from spare embryos from in vitro fertilisation, are banned by Act no. 40 of 19
February 2004.

Embryonic stem cell lines can however be isolated from foetuses from
voluntary terminations of pregnancy.

This Act provides for the possibility of importing and working on
embryonic stem cell lines produced before 2001. It is banned to use lines produced
after that date.

Given this situation, only one group of researchers is working, at the
University of Milan and in cooperation with foreign laboratories, on lines produced
before July 2001.

On the other hand, ten or so public and private institutions are performing
research on adult stem cells, no restriction affecting this field.
14 — Luxembourg

A bill is currently being debated in Luxembourg. According to this bill
there will be no possibility of either creating human embryonic stem cell lines or
importing them. There is only a low amount of activity as regards adult stem cells.

15 — Malta

There is no legislation in this field in Malta.

16 — The Netherlands

Research on spare embryos is authorised by the Act on the embryo of June
2002. On the other hand, it is banned to create embryos only for research purposes,
the aim of the creation of embryos being to give birth to a living being.

Spare embryos can be used for research after necessarily obtaining the
agreement of the parents having asked for a VTP.

Three institutions perform research on embryonic stem cells, whereas more
than ten or so work on adult stem cells.
17 — Poland

The Polish law bans research on human embryonic stem cells (ban on
growing and importing them), and also on nuclear transposition. As voluntary
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terminations of pregnancy are banned, there is no possibility of research on spare
embryos.

A few laboratories perform research on adult stem cells.

18 — Portugal

No legislation frames research on human embryonic stem cells. No
provision gives researchers the possibility of creating human embryonic stem cell
lines or importing such lines of cells.

The issue is presently being posed in this country regarding the fate of
spare embryos from medically assisted procreation, which is not authorised in
Portugal but has been practised for over twenty years in some private clinics.

19 — Sweden

Sweden very soon became aware of the interest and potential of human
embryonic stem cells. The authorities of this country have always adopted very
open positions on this matter, preferring ethical debate to the introduction of overly
strict legislation.

a — Legislation

Sweden is one of the first European countries to have legislated on stem
cell research: research on human fertilised ovocytes has indeed been authorised
since 1991.

This legislation was introduced to limit research on human embryos to the
improvement of in vitro fertilisation techniques. But it did not explicitly ban
research on human embryonic stem cells, which could be performed to increase
knowledge on embryonic development.

In 2001, the stem cell research framework was clarified by guidelines
authorising the use of human embryos if there was no alternative to obtain
corresponding results and if the project was deemed necessary to advance research
on embryonic stem cells.

These guideline therefore laid down that:

+ The human embryos used must either be unusable for in vitro fertilisation
or spare following their legal storage period (five years) and following parental
consent;

+ The production of embryonic stem cells is limited to the 14 following
days;
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- Research activities on nuclear transposition are subject to the issue of a
research licence by an ethics committee.

Nuclear transposition was not therefore banned but subject to the same
ethical limitations as research on fertilised ovocytes.

The production of a human embryonic stem cell line must comply with the
Act on human tissue banks which acknowledges the donor's right to refuse their
use.

Research on stem cells obtained from spare embryos is authorised after
obtaining the donors' consent.

The import of stem cell lines is authorised.

Swedish legislation is certainly one of the world's most advanced in this
field and has allowed research to develop remarkably.

b — State of research

Research on human embryonic stem cells is mainly concentrated in the
universities and higher education institutions:

+ The University of Lund houses the Stem Cell and Cell Therapy Biology
Centre bringing together more than 130 researchers;

- The Karolinska Institute is Sweden's biggest stem cell research centre. It
was the first centre in Europe to be authorised to conduct research on human
embryonic stem cells.

This institute has developed six human embryonic stem cell lines listed at
the NIH.

- The Sahlgrenska Academy groups the health sciences activities of the
University of Goteborg and the Chalmers University of Technology. It has two
embryonic stem cell lines listed at the NIH.

Lastly, the private company Cellartis, located in Goéteborg, is the world's
biggest source of listed stem cells, maintaining thirty of them, but not all have been
produced by it

Swedish research laboratories are in receipt of direct funds allocated by the
universities or research institutes they are dependent on, and they also receive
research grants assigned on a competitive basis. In addition they attract foreign
funds, especially from the United States: NIH, Juvenile Diabetes Research
Foundation (5.5 million euros in 2002), US Ministry of Defence (240,000 dollars in
2004).
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Research on adult stem cells is free and is performed in the three previously
mentioned university establishments.

Lastly, it is to be noted that Sweden is engaged in European cooperation
(with Denmark, the United Kingdom, European programmes), and also with the
United States, Asia and, especially India.

20 — Slovenia

In this country there is no national Act on embryonic stem cells but the Act
on biomedically assisted fertilisation contains a certain number of provisions that
can be applied to these cells.

For instance Article 38 of this Act stipulates that 'scientific research on
early embryos (defined as the embryo developing outside the uterus during the first
14 days) created for the purpose of a biomedically assisted fertilisation is
authorised exclusively with a view to protecting and improving human health' and
'only if research cannot be performed with comparable efficacy on non-human
embryos or by other methods'.

The creation of embryos genetically identical to another human being is
also explicitly banned by Article 33 of the Act, which excludes nuclear
transposition.

There is no research on human embryonic stem cells in Slovenia, whereas
there are a few activities in the adult stem cells field.
21 - Slovakia

In Slovakia, nuclear transposition and the creation of human embryonic
stem cell lines are banned.

A few research activities are performed in the adult stem cells field in
haematology and cardiology.

22 — United Kingdom

The United Kingdom has had a solid tradition of research on human
embryology since the birth of Louise Brown, the first child born from in vitro
fertilication, on 25 July 1978. It is also highly experienced in cloning, with the birth
of Dolly in 1997. This country is today, with Sweden, one of the world's most
advanced in this field.

The framework set in place in 1991 has allowed research to develop.
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a — Research framework

In 1982, the British government commissioned a report from Mrs Mary
Warnock on the issues raised by the new possibilities of creating human embryos
outside the natural way, which was published in 1984.

This report concluded that the human embryo has a special status and that
research on it should by undertaken only for want of other alternatives. But it also
considered that an embryo of under 14 days was sufficiently different from a
human being for it to be used for the benefit of the general wellbeing. This
reference to 14 days is now currently accepted in international research circles.

In 1990, The Human Fertilisation and Embryology Act was voted to frame
the practice of in vitro fertilisation and the creation, use and storage of embryos
produced by this method.

This Act regulates the use of human embryos for research aimed at:

- Improving treatments against sterility;

- Increasing knowledge on the causes of congenital diseases and
malformations and of spontaneous abortions;

- Developing better contraception techniques;

- Developing methods of detecting genetic or chromosomic abnormalities
before implantation.

In 1991, the Human Fertilisation and Embryology Authority (HFEA) was
created, the high authority tasked with regulating medically assisted procreation
activities and embryology research. This authority is the only one empowered to
issue research licences.

The HFEA is a public body placed under the authority of the Ministry of
Health. The latter supervises its activities but does not intervene in its decisions. In
particular the government cannot review a decision by the HFEA, it can only give
its opinion. The number of members has not been set and currently stands at 19.
Members are appointed by the Minister for Health.

In 2000, a report on the new developments in stem cell research was
published.

Following this report and a very broad parliamentary debate, the Human
Fertilisation and Embryology Act of 1990 was revised in 2001 in order to authorise
nuclear transposition and to:

-Increase knowledge on the development of serious diseases;

- Strengthen knowledge on serious diseases;
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- Allow this knowledge to be applied in the development of new treatments
for serious diseases.

In 2001, the British government also voted an Act banning reproductive
cloning.

The procedure before the HFEA is as follows regarding public and private
research on embryonic stem cells:

- Researchers explain first of all the aim of their research and then make a
written application after obtaining the agreement of the ethics committee of their
establishment;

- This application must specify the: composition of the team which is going
to perform the research, number of gametes employed, aim of the research and how
this aim complies with legislation;

- Three international experts study the application which is then examined
by the research board;

- Lastly, the HFEA regulation directorate gives its decision on the licensing
of research.

I was told that if the application concerns a field where the possibilities of
adult stem cells have not been explored, the HFEA recommends using them. In
effect, research on the embryo must be necessary and essential to be authorised.

The research licence is granted for one year. An appraisal is then made.
To date, the HFEA has granted:

- Nine licences for embryonic stem cells,
- Two authorising nuclear transposition,

- Two on parthenogenesis.

The two nuclear transposition licences were granted to Mrs Alison
Murdoch of the University of Newcastle upon Tyne and to Mr Tan Wilmut of the
University of Edinburgh.

Only Mrs Alison Murdoch has performed a nuclear transposition without
however managing to derive cell lines from it. Mr lan Wilmut told me he does not
have any ovocytes to begin his activity.

From this viewpoint, the HFEA launched in September 2006 a public
consultation on ovocyte donation for research. I will refer to this consultation in the
chapter on ethical issues.
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The reactions I have gathered on the HFEA's activities are quite mixed.

In effect, researchers like Mrs Alison Murdoch and Mr Ian Wilmut feel that
its licensing decisions are rather laborious and far too long in being taken. As
already seen, the time taken is approximately six months. They also feel that this
authority tends to outstep its powers and encroach on the responsibility of
politicians.

This is also the point of view of Mr lan Gibson who felt that while the
HFEA has a positive role in the public debate, it tends to deal with too many things
and especially ethics. In doing so it goes beyond the rights of Parliament to his
mind. He felt that this role regarding ethics could be better played by the Nuffield
Council on Bioethics, a private structure which had participated in the preparatory
reports for the 2001 revision of the Human Fertilisation and Embryology Act.

b — Development of research

All fundings (public and private) taken together, the United Kingdom
devoted®® in 2003 — 2004 21.8 million £ (i.e. approximately 32.5 million euros) and
in 2004 — 2005 31.2 million £ (i.e. approximately 46.5 million euros) to research on
embryonic and adult stem cells.

Public funds are in particular allocated by the Ministry of Trade and
Industry and that of Health. These funds also transit via Research Councils,
independent bodies funded by the British government and responsible to
Parliament. As regards stem cell research, the Medical Research Council mainly
intrevenes. For the greatest part, funding is allocated to adult stem cell work.

It should also be mentioned that English regions are now also participating
in this research and have created regional networks like the East of England Stem
Cell Network or the Scottish Stem Cell Network. A certain number of my
interlocutors were moreover alarmed by this development of local networks in that
competition is tending to arise between them, especially to attract the most
prestigious researchers.

In December 2005, the British government announced that 100 millions
pounds (i.e. approximately 148 million euros) were to be devoted in the following
two years to stem cell research, from the most fundamental work to medical
applications.

Lastly, mention is to be made of the major activity in this field of the
Wellcome Trust, a charity foundation created in 1936 to fund biomedial research.
Its contributions are very high, approximately 5 to 6 million pounds for the years
2003 - 2005.

% Source: UK Stem Cell Initiative November 2005.
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Research is mainly conducted in four structures centered around the
Universities of Cambridge, Sheffield, Newcastle upon Tyne and Edinburgh.

British research can now make use of a stem cell bank, the UK Stem Cell
Bank.

Its creation dates back to 2003 and will receive from the Medical Research
Council 9 million pounds over five years. This bank has been operating since 18
September 2006.

The bank currently groups 24 'research quality' human embryonic cell lines,
12 of which have been imported from the United States. A policy on access to these
lines is going to be defined, only private companies paying the real cost of the
lines.

Lastly, it should be noted that the city of Edinburgh has just announced the
creation of a Stem Cell Research Institute which should receive an investment of 3
milllion euros. This not-for-profit institute aims to series-produce, in a few years
time, embryonic stem cells according to an approved and stabilised industrial
process. These cells will then be proposed to research laboratories.

British research on stem cells is therefore well structured and receives very
large amounts of funding. However this situation has not yet led to major results
since, while a nuclear transposition has been successful, stem cell lines could not be
derived from it. The priority affirmed by the December 2005 plan will strengthen
and even increase the British advance.

Great Britain's pragmatic approach to all these issues should be
emphasised. This country is likely to attract in the future an increasing number of
researchers not only from European countries but also from the whole world
bearing in the mind the facilities offered.

This European panorama shows the very strong contrast among European
countries regarding the embryonic stem cell issue. Only two countries are making
great efforts: Sweden and Great Britain, alongside which France pales in
comparison. These countries lead the way in rising to the stem cell challenge.

They rival with the United States and Asia, both of which have made
considerable efforts in this field.
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E — Organisation of research in the United States and Asia

1 — The United States

The restrictive federal policy leaves free scope to private initiative and to
the States, among which California is making a major effort.

a — Regulatory framework

The United States does not have any regulatory framework comparable to
what exists in particular in Europe. At the federal level, no text bans nuclear
transposition and reproductive cloning.

The only framing existing at that level is that provided by the possibilities
of federal funding of research.

Contrary to what is sometimes believed, the financial framing of research
on human embryonic stem cells was not established by the Bush administration. It
indeed dates back to 1995, and to the vote by Congress of the Dickey amendment
banning the use of federal funds to finance research involving the creation or
destruction of human embryos.

Consequently, the work by James Thomson that led to the derivation of
human stem cell lines at the University of Wisconsin, and which was published in
November 1998, was funded by the company Geron.

From then on a degree of uncertainty reigned: in January 1999, the
American administration felt that the Dickey amendment could not apply to
research using stem cells as these are not an embryo.

But, on 25 August 2000, the NIH guidelines on research on embryonic stem
cells excluded the funding of any research involving the derivation of stem cell
lines from embryos.

On 9 August 2001, President Bush announced that federal funds should be
allowed to be used to fund research on human embryonic stem cells but that this
funding would be limited to “existing stem cell lines, where the life and death
decision has already been made”.

The President justified this choice “which allows us to explore the promise
and potential of stem cell research without crossing a fundamental moral line, by
providing taxpayer funding that would sanction [...] further destruction of human
embryos that have at least the potential for life”.

The following eligibility criteria were therefore established:
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. Stem cells must have been derived before 9 August 2001 from an embryo
created for reproductive purposes;

. The embryo must not have been used for these purposes;
. Enlightened consent must have been obtained from the donors;

. No payment must have been made.

On the basis of these criteria, federal funds can be used to fund work on
the:

. Derivation or use of stem cells derived from newly destroyed embryos;
. Creation of embryos for research,

. Cloning of human embryos for whatever use.

To facilitate the use of stem cells, the NIH has created a data base (Human
Embryonic Stem Cell Registry), which lists the lines, at variable stages of
development, meeting the eligibility criteria and that can therefore receive federal
funding. There are, at present, 22 available lines either in the United States or
abroad (India, Israel, Singapore, South Korea, Sweden). These are called
'presidential lines' in the United States.

Since then, there has been a recurrent debate in the United Stats on the
possibility of using federal funds to finance embryonic stem cell research. This
issue was very widely debated during the 2004 presidential election campaign. It
could again be aired during the 2008 campaign.

This debate has been growing because the 'eligible' lines are affected, as
seen, by a certain number of phenomena making them less and less fit for research
and because they have been in contact with animal products.

Members of Congress have therefore expressed their desire on several
occasions that the constraint should be slackened on research financed by public
funds.

On 18 July 2006, the American Senate approved bipartisanly a bill already
voted in June 2005 at the House of Representatives (Stem Cell Research
Enhancement Act of 2005) with a view to extending federal funding to newly
derived embryonic stem cell lines. As we know, President Bush vetoed this
legislation on 19 June 2006.

It should be noted that the traditional cleavage in the United States between
Democrats, rather in favour of an opening up to more public funding possibilities
for this research, and Republicans, rather opposed to these extensions, has changed.
A certain number of Republicans have indeed abandoned the traditional positions
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of their party in this respect, as shown by the action taken by the Governor of
California, Mr Arnold Schwarzenegger.

The result of the last elections could, according to some observers, relaunch
this debate.

b — Organisation of research: activity of the National Institutes of Health
and of universities

= The National Institutes of Health (NIH)

The NIH fund research on adult stem cells and on human embryonic stem
cells solely derived form 'presidential' lines.

The NIH conduct a very active policy in implementing federal policy,
insisting on the therapeutic potential of human embryonic stem cells.

In this respect an NIH Stem Cell Task Force, chaired by Mr James Battey,
was created to:

. Facilitate and accelerate stem cell research by identifying factors limiting
present research;

. Obtain advice from scientists, who are experts in the field, to overcome
the present obstacles.

One of the goals is to establish a scientific network of competences so as to
assess the long-term genetic stability of lines. The NIH Stem Cell Unit was created
to precisely characterise existing human lines and, as seen, establish a register
available to researchers.

The NIH fund programmes (research projects, pilot studies, feasibility
studies), post-doctoral grants as well as training workshops.
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Funding has been as follows (in millions of dollars) :

Human
Year embryonic stem | Adult stem cells Total
cells
2002 10 170 180
2003 20 191 211
2004 24 203 227
2005 39 199 238

Source: NIH

It can be seen that the total sums invested in this research field have been
regularly increasing since 2002 as well as the sums allocated to human embryonic
stem cells. It can also be noted that adult stem cells take the lion's share of funding.

= Universities

A very large number of universities perform research in this field, on adult
and embryonic stem cells.

As regards research on human embryonic stem cells, universities cannot
receive federal funding unless they work on 'presidential' lines.

They can work on 'non presidential' lines but only with private funding.

However, at laboratories pursuing work in receipt of federal funding and
also engaging in ineligible work, it is mandatory to separate very carefully, and
physically, the equipment assigned to each of the two categories. The NIH make
regular visits to check this separation.

I therefore saw at these laboratories a grotesque separation between
'presidential' research equipment and the rest.

This constraint has a cost which can be high. For instance, the University of
California (San Francisco) is in the process of spending more than 5 million dollars
to build a laboratory duplicating a large number of already existing facilities to
comply with this rule. Harvard University has had to employ jurists to draw up a
document establishing the rules on the separation of researchers' activities and time
depending on the funding.

As there is no ban on nuclear transposition, two universities have recently
stated their intention to employ this technique, using private funds, to create
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human embryonic stem cells from somatic cells from persons affected by various
diseases.

The University of California (San Francisco) is therefore going to resume a
programme it had abandoned in 2001.

Harvard University, for its part, is going to try to create embryonic stem
cell lines affected by juvenile diabetes, blood diseases and lateral amyotrophic
sclerosis.

¢ — Organisation of research: states

A certain number of states have engaged in this research. Owing to the
federal structure of the United States, the situations can very in an extremely broad
manner.

The spectrum of situations®” ranges, with many intermediary degrees, from
the states of California, Connecticut, Maryland, New-Jersey, Massachusetts, and
[llinois, which encourage research on embryonic stem cells and generally authorise
nuclear transposition, to that of South Dakota which strictly bans any research on
embryos of whatever origin.

The sums allocated by the various states can vary greatly®' :
. Connecticut: 10 million dollars per year for 10 years;

. Illinois: 10 million dollars for a single year (2005). In August 2006 it was
decided that an additional 5 million dollars will be allocated in 2007 to the stem
cells research programme;

. New-Jersey: the first State to have allocated, in 2004, funds for this
research — 5 million dollars for the creation of a new research institute. 23 million
dollars are planned for the years 2005 and 2006 for the New Jersey Stem Cell
Institute;

. Maryland: 15 million dollars for a new stem cell research fund.

All these states authorising research on embryonic stem cells have
established rules of good practice, the reference being the National Academy of
Science national guidelines. These guidelines, which are widely accepted and
respected by the scientific community, are recommendations and not obligations.

California is however the flagship State in this field.

 Complete list in National Conference of State Legislatures
'State embryonic and fetal Research Laws'
www.ncsl.org/programs/genetics/embfet.htm

%! Source: The Century Foundation - 2006
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d — The flagship case of California

On 2 November 2004, nearly 60% of the voters in California adopted
Proposal 71 setting forth the creation of a public research institute on embryonic
stem cells with an allocation of 300 million dollars per year for 10 years.

This proposal authorises the State of California to sell 3 billion dollars
worth of bonds over ten years to fund research on stem cells in California.

It sets up the California Institute for Regenerative Medicine (CIRM), a
body which will distribute grants and loans for stem cell research.

This institute is managed by an organisation called the Independant
Citizen’s Oversight Committee (ICOC) composed of 29 members representing:
Californian universities, research insitutions, companies developing medical
therapies and patients' organisations.

Immediately after its adoption, opponents to this project — anti-abortion
associations also defending taxpayer financial interests — lodged appeals.

The complaints concerned the fact that the adoption of Proposal 71 goes
against taxpayer interests and would infringe the constitution of the State of
California. According to these associations, the funding is apparently distributed by
a body barely overseen by the State of California and too close to the
biotechnologies industry.

A certain number of Californian elected representatives, whom 1 met,
informed me that, while in favour of this Proposal, they were concerned that the
State of California should exercise closer monitoring over the financial
arrangements to be set in place.

On 24 April 2006, the complainants having suffered a refusal of their
application to have the Proposal declared inconstitutional, expressed their intention
to bring the matter before the Supreme Court of California.

However, on 10 October 2006, the CIRM presented to the ICOC its
strategic plan project.

This plan lays down the long-term goals for the decade ahead.

It proposes to fund 25 stem cell measures and to allocate the following
funding to them: 823 million dollars to develop fundamental cell biology research,
899 million dollars for preclinical research and development, and 656 million
dollars for clinical trials, 273 million dollars being allocated for the renovation and
construction of research laboratories. This plan sets five and ten year goals so that
the progress accomplished can be measured.



- 109 -

Despite the difficulties and delays caused by the court trials, many
initiatives have been taken by Californian universities and institutes to create new
research centres in order to receive the funds resulting from Proposal 71.

In the United States, California currently presents undeniable attractiveness
for cell biology researchers. A number of other states have perceived this
attractiveness, which has no doubt stimulated them to offer, in turn, attractive
funding for stem cell research.

The action undertaken in California and in an increasing number of states
will perhaps offset the negative impact of the measures adopted by President Bush
on 9 August 2001.

In effect, many observers have felt that these decisions had rather negative
consequences as shown by the decrease in the past two years of the number of
American publications in this research field.

A brain drain phenomenon has also started with, in particular, the departure
of Mr Roger Pedersen, a former researcher at the University of California (San
Francisco) who isolated the first murine embryonic stem cells. Mr Roger Pedersen
became, in 2001, the director of the MRC Centre for Stem Cell Biology and
Medicine at the University of Cambridge (Great Britain).

2 — Asia

Many of my interlocutors told me that Asia is the continent where research
on stem cell research, and especially on human embryonic stem cells, could
experience major breakthroughs.

Biotechnologies and medical sciences are indeed central to the
development strategy of many Asian countries. Stem cell research appears all the
more interesting as no fundamental breakthrough has yet been made and many
scientifically important countries, I am thinking in particular of Europe, are highly
reluctant to engage in this field. Some specialists even think that the stem cells
topic could form for Asia the first opportunity to dominate a biology research field.

I feel these countries have the potential to be highly competitive in the stem
cells field, bearing in mind the excellent level of their scientists and the very broad
support of their populations for scientific goals. These countries also appear highly
attractive to a certain number of Western researchers as a certain number of ethical
questions are not addressed in the same manner as in Western countries, Asian
moral concepts being very different.

Research is supported in these countries by very high quality scientists who
were trained above all in the United States.
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From this viewpoint it should not however be believed that any ethical
concern is banned. China, Singapore, Taiwan and South Korea have for instance
banned reproductive cloning.

However this attraction is perhaps going to decrease, bearing in mind the
rollout of the Californian stem cell research programme.

I will refer only to the situation in Singapore and Japan, South Korea being
the subject of the next chapter.

a — The situation in Singapore

Since 2000, Singapore has made the field of biomedical sciences and
biotechnologies central to its development strategy.

Stem cells have been acknowledged as being a field of high economic
potential and Singapore is today positioning itself as a world-class research centre.

Regulations have been set in place and major funding allocated in support
of research players.

= Regulations

A legal and ethical framework was defined in 2000 for stem cell research.
Singapore intends to take advantage of the restrictive policy of the United States,
and attract more researchers by offering them an attractive framework to develop
research in this field.

The legislation is that of the Human Cloning and Other Prohibited Practices
Act.

Human reproductive cloning is formally banned as well as the export and
import of cloned embryos, and the marketing of human embryos, ovocytes and
sperm. Nuclear transposition is authorised. The legislation allows research on
human embryos so long as they are not over 14 days old.

A certain number of rules have also been laid down, among which mention
can be made of:

. The information of embryo and gamete donors, as well as their consent
are required;

. The use and derivation of embryonic stem cells must be justified by a
scientific challenge and a potential benefit;

. A specific authority issues licences and ensures the follow-up and
monitoring of human stem cell research.
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The following investments have been made in this field®* :

. Singapore's annual expenditure on stem cell research is estimated at 40 —
45 million Singapore dollars, i.e. approximately 20 — 22.5 million euros, of which
approximately 7.5 million euros for the public sector, and 12.5 — 15 million euros
for the private sector;

. 70 million Singapore dollars, i.e. approximately 35 million euros have
been invested in the Singapore Stem Cell Consortium;

. The Economic Development Board, tasked with the strategy of making
Singapore a mandatory business and investment hub, including for private research,
has invested 37 million Singapore dollars, i.e. approximately 18.5 million euros in
the company ES Cell International.

Quite a large number of players intervene in this field.

Among these bodies, in the public research field and apart from the
University of Singapore and Singapore General Hospital, mention can be made of
the creation in 2005 of the Singapore Stem Cell Consortium.

This was created to coordinate and develop stem cell research in Singapore.
It is in particular tasked with setting in place common resources in the field, such
as a stem cell study laboratory, a stem cell bank and a cell therapy processes
complex. It helps to group the various fundamental and clinical research groups in
common projects.

Private research is represented by four companies, the largest of which is
ES Cell International, created in 2000 to sell stem cell research products and
technologies. Like all comparable companies, it has nothing to sell for the moment.
However it holds the intellectual property of several stem cell lines, including six
listed by the NIH Stem Cell Registry, and of culture techniques.

Singapore therefore has a proactive policy in this field. An indisputable
scientific level has been reached both in the public and private sector. Foreign
setups have developed, like, since 1998, a biomedical research division and a
clinical centre of the John Hopkins University, and mention can be made of the
signature of a stem cell research agreement with the US Juvenile Diabetes Research
Foundation International.

b —Japan

The regulatory framework was defined relatively early in Japan, which has
allowed the development of dynamic public research.

82 Source: According to the note of 3 July by the French Embassy in Singapore: 'Cellules souches : apergu de la
recherche a Singapour' ('Stem calls: an overview of research in Singapore').
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= Regulatory framework

The regulatory framework of stem cell research has been elaborated since
2000.

In 2000, Japan’s Council for Science and Technology published a report on
human cell research which:

. Approved human stem cell research by the use of spare embryos from the
in vitro fertilisation process;

. Banned human reproductive cloning;

. Made recommendations on the approval of research performed in the
framework of projects supported by public funds.

In 2001, the Act on Human Cloning Techniques and Other Similar
Techniques:

. Expressly banned human reproductive cloning;

. Made it necessary for the Ministry of Education, the research supervisory
authority, to publish national guidelines on the creation of embryos for research
purposes.

This Act did not ban nuclear transposition, but governmental instructions
strongly advised against it at the time.

On the other hand, this Act authorised the creation of human embryonic
stem cells for therapeutic purposes under governmental control. Research centres
are approved by the Council for Science and Technology which must give its
support at the beginning of research programmes and can decide to interrupt such
support any time.

Lastly, in 2004, nuclear transposition was authorised after a favourable
opinion from Japan’s Council for Science and Technology. However rules of good
practice still need to be established.

= Research

As part of the year 2000 Millennium Project, Japan has made regenerative
medicine, especially that targeted at the effects of ageing, one of its life sciences
priorities. It has been decided to focus all the country's efforts in this field on one
pole located in the region of Kansai around Osaka, Kyoto and Kobe.

Japanese research is placing the emphasis on the development of
fundamental biological research and that of techniques using animal models. It is
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