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Executive Summary

Hundreds of millions of genetically modified
(GM) animals are used in medical research
and in the testing of drugs and chemicals
every year. In response to their increasing
utilisation, Animal Aid has commissioned
this report, which examines the GM
animal phenomenon, and shows that they
have made no tangible contributions to
human health and medicine - and, for
sound scientific reasons - are never likely
to do so.

In this report we show that:

e The annual total number of animal
experiments in the UK was in steep
decline from 1975 to 1985, during
which time it fell by around 40%. The
use of ‘normal’ (hon-GM) animals has
continued to decline at a similar rate
since 1985, as scientists have abandoned
this approach due to its lack of success
and relevance to human health. The
increased use of GM animals has,
however, reversed the overall trend.
Because of GM animals, the number of
animal experiments is once again
increasing, with GM animals constituting
almost one third of all procedures.

¢ GM research has failed to live up to its
promise. Rather than ‘fixing’ the old
non-GM animal models by genetically
manipulating them to resemble more
closely human beings and human
diseases, this process has revealed
itself to be hopelessly inefficient and
crude. Some 70% of the time when a
GM animal intended to replicate a
human disease is created, it does not
‘perform’ as expected. Put simply, the
actions of, and interactions between,
our genes are much more complex than
first thought: minor genetic differences
between individual humans combine to
be greater than the sum of the parts.
To expect to derive useful information
from another species altogether
is extraordinary.

¢ Modelling human diseases with GM
animals has been disastrous. Cystic
fibrosis (CF) and Alzheimer’s disease
(AD) have been extensively researched

using GM animals, which has served
only to confound our knowledge of
them and to impede progress. CF
affects the pancreas in almost all
human sufferers, and Kills via lung
infections. Mice with ‘identical’ genetic
mutations to human CF patients do not
show these effects, but rather die early
from intestinal blockages not seen in
humans. GM animals have failed to
replicate the pathology of human AD:
GM mice with identical brain pathology
to human AD sufferers show no or only
slight effects, and have failed to shed
any light on the function of genes
strongly linked with human AD. Other
GM animal models of human diseases
such as Parkinson’s and diabetes have
failed similarly. Nor should we expect

a different outcome from currently
‘fashionable’ projects, such as the new
genetically manipulated mouse ‘model’
of Down’s Syndrome. In contrast,
human-specific research methods
continue to make significant contributions
to medical progress in these areas.

GM animals have failed in all fields in
which they have been applied. Animals
have been engineered to be more
predictive models in toxicology testing,
but this has not been realised.
Engineering animals to grow organs for
human transplants has been futile and
is considered highly dangerous because
of the risk of ‘novel’ disease organisms
passing from ‘donor’ animal to human
recipient and from there into the wider
population. While some animals have
been created who can produce drugs
in their milk, for example, there are
questions surrounding the need for this.
There are also serious concerns
regarding the welfare of the animals
involved. Cloning of various animals
has been reported in the media, but
continues to be extremely inefficient,
with poor survival rates, significant
welfare problems and a high incidence
of defects and abnormalities.

Human-specific research, utilising
tried and tested methods that have
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contributed greatly to medical progress,
along with cutting-edge technologies,
are the only way to achieve safe,
efficient cures and treatments for
human diseases in the shortest possible
time. Increasing numbers of scientists
and doctors agree, and are turning to
research methods involving - for
example - human tissue and cells,
computer modelling, DNA ‘microarray’
chips, microfluidics and advanced
scanning technologies - shunning
animal-based approaches.

e On balance, GM animals have made
a negative contribution to human
medicine. At the same time, it must be
recognised that competition for medical
sector funding remains acute. An
important choice confronts society: the
choice between more resources directed
at animal-based research with a fruitless
track record - or support for work that
is directly relevant to the patients of
today and tomorrow. Animal Aid
believes that a comprehensive scientific
evaluation of animal-based approaches
to research is absolutely imperative to
achieve real medical progress.

Executive Summary

2 Man Or Mouse



“There isn’t a single genetically manipulated mouse that has been used yet to produce a

drug that cures disease.”

Kathleen Murray, Director of Transgenic Services, Charles River Laboratories Inc., USA. 2002, speaking almost 20

years after the first genetically modified animal was created.

Introduction

Animals have been used as ‘surrogate
humans’ by scientists for many decades in
an attempt to discover more about the
workings of the human body, the chemicals
and other substances that can harm it,
the diseases that affect it, and the drugs
that can potentially cure it. The history

of this endeavour is not only a litany of
failures, but also of disasters that have
caused enormous amounts of human as
well as animal suffering.

Demonstrably, the big medical break-
throughs of the 20th century have been
despite, rather than because of, animal
experiments. Tried and tested non-animal
techniques form the foundation of
medical progress, and new cutting edge
technologies are accelerating it at the
beginning of the 21st century.

But animal experiments continue unabated,
with numbers again increasing in recent
years due to the introduction of genetically-
modified and transgenic animals, which
allow scientists to manipulate the genetic
material of animals in the hope that they
can more closely resemble, for example,
humans with a specific disease.

In this report we outline what genes ‘do’
and how genetically-modified animals are
created. We discuss in some depth their
uses as models for human diseases,

and also briefly in the production of
pharmaceutical substances and as a
source of organs for human transplant.
We show that all of these endeavours
constitute science as poor and irrelevant
to human medicine as research involving
non genetically-modified animals

always has been, and outline the best
way forward.

The cost for humans is high, as we see
transgenic research providing data that
cannot be safely relied upon when applied
to human medicine. Such research also

diverts substantial sums of money from
the human-specific methods that are
providing the answers. The cost in animal
lives and welfare is also great, as a result
of scientists using a hugely inefficient and
wasteful process to create animals who
are destined to suffer from birth.

The use of animals in biomedical research,
whether genetically modified or not, is a
big an exercise in futility as it always has
been. A bad model is a bad model, no
matter what is done to improve it. No
amount of genetic manipulation can make
an animal ‘human’ enough to provide data
that is relevant, predictive, reliable and
safe enough to apply to humans.
Furthermore, the creation of genetically
modified animals raises ethical and welfare
questions more critical than ever before.
These two considerations mean that any
benefit that could ever stem from such
research could never justify the means,

or the human cost in terms of the harmful
consequences of misleading animal data.
Animal Aid therefore remains committed
to the abolition of all animal research, and
to promoting more humane medical research.

Why use animals in
scientific research?”

Animal experimentation as we know it has
been going on for well over a century, but
has proceeded with particular fervour over
the last 40-50 years. Many millions of animals
of many different species have been used in
scientific and medical research in an attempt
to elucidate biological processes and the
causes and progress of human disease, to
gauge the potential hazards of chemicals and
foodstuffs, for example, and to determine
the safety and efficacy of proposed new
drugs. In short, animals have been used

as ‘surrogate humans’ in the hope that
information gleaned from experiments

Man Or Mouse 3

Introduction



Introduction

involving them would be applicable to human
beings, and thus lead to a safer and more
pleasant world - a world in which we would
be shielded from exposure to harmful
substances, and where any human illness
would be merely transient while myriad
cures took their effects.

It is easy to see how, decades ago when cell
biology and genetics were in their infancy
and the structure and function of DNA was
a mystery, animal experiments seemed like a
very good idea to scientists struggling to
understand and cure disease. After all,
there are so many similarities between all
mammalian species, including us: we all
suckle our young; our hearts and lungs do
the same job, etc. etc. However, it quickly
became apparent that, despite superficial
similarities, there existed profound
differences between species. Even when
scientists couldn’'t know the nature of them,
such differences were evident because they
manifested themselves in the results of their
experiments. In its early days, for example,
penicilin appeared to be ineffective in
rabbits, and it is toxic to guinea pigs.

How many animals are used”

While animal experiments persisted, the
numbers of animals used and procedures
performed levelled off in the early to mid
1970s, before declining steeply over the next
ten years (Figure 1). This coincided with the
advent of alternative and groundbreaking
new scientific methods including DNA-
oriented and other ‘test-tube’ (in vitro)
technologies, and arguably with the tacit
admission that the animal model had been a
failure. Optimistic predictions for a brighter
future for research and the millions of
people standing to benefit were premature,
however. Since the late 1980s, despite the
number of ‘normal’ animals used in research
continuing to decrease, the overall trend has
been reversed as scientists have rushed to
work with genetically modified (GM) or
‘transgenic’ animals.

In 2003, the last year for which detailed
figures are currently available, further
increases in animal use were seen. This
included an 8% rise in the use of transgenic
animals, representing 27% of the total
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Figure 2
Category Numbers Change 2002 - 2003
Total individual 2,721,599 42%
animals used
Total number 2,791,781 42%
or procedures
Procedures using 764,000 A8%
transgenic animals (27% of total)

Year-on-year increase in experimental procedures and animals involved from 2002
to 2003, including those involving transgenic animals.

numiber of procedures performed (Figure 2).
At present, approximately 95% of these
animals are mice. Without doubt, this figure
will have increased considerably in the last
two years; approximately 100 million mice
were used in GM experiments in the US
alone in 2004.!

We are now, however, in a privileged position
where we can analyse the data that has
been produced, and examine the contribution
that animal-based research has made to
human medicine. We must ask, given the
claims of those who espouse it, why was
animal research in serious decline for a
decade if it had been so effective in
translating laboratory research to cures for
disease? If this research methodology had
an impressive track record and had been
fundamentally and crucially involved in

medical progress, or even if it had shown
some future promise, why had it been
abandoned so dramatically? Application of
‘The 3 Rs’ (Refining, Reducing and Replacing
animal experiments) cannot claim to be
significantly responsible for this.

Arguably, the subsequent rise in the use of
genetically modified animals after this slump
was an attempt by researchers to ‘fix’ their
failed animal models, and to make them
resemble more closely the human condition.
In this report we examine the current state
of research involving these GM animals, cite
some important examples, and discuss the
problems inherent in this field and the
consequences for human health and

animal welfare.
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A Brief Introduction

Genes and Proteins

Genes and Proteins: A Brief Introduction

What's in a gene”?

All living creatures are made of cells;
some are made of just one, others of
many billions comprising hundreds of
specialised types collectively organised
into tissues and organs. All cells are
basically small, fluid compartments
containing a concentrated solution of
chemicals, along with various structures
that help the cell to stay alive, replicate
and perform its necessary functions.

Almost all cells have in common a nucleus,
a separate compartment within the cell
containing DNA (deoxyribonucleic acid).
This DNA, made up of building blocks
known as nucleotides (of which there are
four types), takes the form of the famous
twisted double helix, and coils upon itself
time and time again to form discrete
bodies called chromosomes. Humans
have 46 chromosomes (23 pairs) in the
nucleus of each cell of their bodies, which
together make up what is known as the
human genome. The only exceptions are
egg and sperm cells, which contain 23
single chromosomes not in pairs: this
allows the chromosomes to ‘pair up’ again
when the sperm and egg unite during
fertilisation to make a new embryo with
the normal number of chromosomes - half
coming from each parent.

If one imagines the DNA strung out in

a long ling, it is composed of tens of
thousands of units along its length
known as genes. These genes serve as a
template for the cell to manufacture the
proteins and enzymes that make up our
bodies and keep it alive. This occurs via
two processes known as ‘Transcription’
and ‘Translation.’

In transcription, pieces of ‘cellular machinery’
known as enzymes engage with the DNA,
and track along the double helix making a
copy of the DNA, but in a chemically
slightly different form — known as RNA.
This RNA is then used as a template for
the translation process, whereby other
bits of cellular machinery ‘translate’ the
RNA code in order to assemble amino

6 Man Or Mouse

acids into chains known as polypeptides.
These, in turn, make up the all-important
proteins. (Figure 3).

Gene Expression - An
exquisitely controlled process

The process whereby genes serve as a
template for the cell to make proteins

is called gene expression. Genes are
classified as ‘Structural’ or ‘Regulatory,’
depending on their function. Structural
genes code for proteins that ‘make up’
our bodies; that build our cells and organs,
and that form enzymes that carry out
chemical reactions vital for life. Regulatory
genes control the expression of structural
and other regulatory genes, increasing
and decreasing their levels of activity or
turning them ‘on’ or ‘off’ completely.

This is a very tightly controlled process
involving inputs from many angles, and a
minor fault in any of the components or
processes can have far reaching effects
and be the cause of many diseases. For
example, if the DNA template is damaged
or altered in some way, such as by a
harmful chemical, radiation - or if a
damaged version is inherited from one’s
parents, then the protein will not form or
function correctly. Sometimes, the
enzymes that carry out gene expression,
which are themselves products of other
genes, will themselves malfunction. Pieces
of DNA flanking the actual genes are also
of crucial importance, acting as extra
control elements - in concert with the
products of the regulatory genes - to
modulate gene expression. Again, a small
fault or minor difference can have
far-reaching consequences.

It is important to note that the protein
products of genes do not go about their
jobs in isolation; there is an almost infinitely
complex array of interactions between
them and other cellular components that
can alter their functions drastically. Many
of these protein complexes interact with
the aforementioned DNA ‘switches’ to
change what they do. Furthermore, one



Figure 3

Transcription

Translation

A schematic of the process by which genes, made from DNA, code for proteins
which make up the human body. A typical human cell is represented here, showing
the process of gene transcription taking place in the cell’'s nucleus, and translation
in the main part of the cell. Together, these processes form the basis of ‘gene
expression’ where a gene codes for the production of a specific protein.

gene can actually give rise to many
different proteins, which have varied
functions and interaction partners.
(Examples include ‘RGS™? and ‘CREM’
genes? involved in signalling between cells,
tissues and nerves, responses to hormones
and sensory inputs etc.). Additionally,

the machinery responsible for these
processes differs between species.
Genetics is a very complex business!

These factors illustrate how enormously
difficult it is simply to alter a gene in an
animal, and then expect to see precisely
what that alteration means in that particular
species, and then to be able to deduce

what that means in a human context. We
can also see that similar genes in different
animal species can do different jobs in
different ways, and that the generation of
genetically modified animals, by their very
nature, is a highly complicated, difficult,
imprecise, inefficient and crude method

(in terms of results) of determining or
altering the function of a gene.

Increasingly, we are discovering that the
genetic similarity between humans and
chimpanzees (around 95%-98%, depending
on whose estimates you believe) means
little: after all, we are quite clearly not
chimpanzees, and vice-versa. Mice are

Man Or Mouse 7
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A Brief Introduction

Genes and Proteins

thought to share 95% of our DNA,

and tiny nematode worms about 70%.
Superficially then, it seems that the
small difference between our genes has
anything but minor consequences. As
scientific knowledge increases, we are
learning that such minimal changes in DNA
sequence lead to profound differences
in biochemistry and physiology, and this
occurs predominantly due to variation in
the regulatory genes and DNA regions
described above.

So no matter how similar our structural
genes may be, if they are regulated
differently, we're looking at a whole new
scenario. One simple analogy of this is

to imagine two huge, complex and almost
identical church organs side-by-side. The
hundreds of stops either side of the
keyboards are the regulatory genes and
regions of our DNA, able to exert subtle
changes in the sound of the instruments
individually, but also able to act in
countless combinations together to alter
the sounds drastically. Even if the same
music is played on both organs, the sound
will be entirely different unless the stops
(i.e. the regulatory genes and regions) are
in identical positions. Change the order
and timing with which the keys are
operated, and the end products are
completely unrecognisable from

one another.
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‘The generation of transgenic animals is a cumbersome process and remains problematic

in the application of technology.”

Making Genetically Modified Animals

What exactly are GM, mutant
and transgenic animals?
Some terms...

Many methods exist that can alter the
genetic material of laboratory animals with
differing outcomes. A brief summary of
terms and techniques of production is
included here, before a discussion of

their uses.

Genetically modified animals are animals
whose DNA has been artificially
manipulated in some way. This umbrella
term includes cloned animals and some
animals in which a gene has been mutated
(mutants) to alter its function. In addition,
it includes transgenic animals, which have
been altered to carry a ‘foreign’ gene
(‘transgene’) within their natural genome.

The main focus of this report is transgenic
animals, which constitute the majority of
GM work undertaken in biomedical
research. Most transgenesis (the term

for creating transgenic animals via the
insertion of a transgene into their DNA)
involves one of two basic approaches:

Knock-outs are used to study a gene's
function by halting its expression, and
observing the effects of its absence. This
usually involves preparing a copy of the
gene in the laboratory with a segment
deleted and into which a foreign segment
of DNA (usually a ‘marker’ gene to track
its presence) is inserted. This new piece
of DNA is then used to replace the normal,
fully functioning gene in a target animal.
Because the coding sequence of the gene
has been disrupted, its function will be
‘knocked out’ because it is unable to be
expressed properly, and cannot give rise
to the protein for which it codes.

Knock-ins are used to study the function
of a ‘foreign’ gene by introducing it into a
target animal to observe the effects of
its expression.

So how are they made”

‘The Canadian Council on Animal Care
classifies transgenic experiments in
the second-most severe ‘category of
invasiveness,’ with the potential to
cause ‘moderate to severe distress

or discomfort.”s

There are many different combinations
of techniques using different transgene
constructs that are currently used to
generate transgenic animals. Broadly
speaking, however, all methods fit into
three categories. A concise overview of
these methods is given here, along with
a brief consideration of proposed
improvements and other uses of

GM technology.

l. Virus-based transgenesis

This is the oldest of the three main
technologies, which involves engineering a
virus to deliver the transgene into target
sperm and eggs. It had until recent
developments been overtaken by the
other methods due to its inherent
shortcomings. These include multiple
insertions of the transgene into the host
genome - making interpretation of results
difficult if not impossible: a very low rate
of production of viable transgenic
offspring: and the creation of so-called
‘mosaic’ animals, where the transgene is
carried and expressed only in some cells
of the body. Furthermore, genetic material
from the viruses used has been known to
combine with DNA sequences from the
host’'s genome to regenerate virulent
viruses,® and a phenomenon known

as ‘insertional oncogenesis’ exists which
can cause the host cells to become
cancerous.7-2

Lately, the use of a different type of
virus has increased the efficiency of this
technique - a development that has had

Man Or Mouse 9

31

Making Genetically Modified Animals




some impact on animal welfare in terms
of the numbers of animals surviving the
procedure, and the proportion of these

individuals with ‘normal’ mice through
two generations.

There are some major caveats with this
methodology. Up to 200 copies of the
transgene can be randomly inserted into
the host genome - an outcome with
potentially disastrous consequences:

who express the transgene and are
therefore ‘useful’. There are, however,
concerns surrounding size limits for the
genes that can be transferred that could
rule out this method for many human
genes, and the other caveats described e A gene’s function is highly dependent
in this report still apply. upon its environment: its site of
insertion will determine if it is expressed

e e s s t all and, if so, to what level.
2. Pronuclear microinjection aheland i so fowhat leve

e Multiple copies of a gene can give rise
to large amounts of its protein product,
which can have promiscuous effects
and even be highly toxic.

This commonly used method became the
norm due to its comparative efficiency
relative to viral transgenesis, though the
typical range of ‘success’ of between 1%
and 10% still represents 90-99% wastage e Transgene insertion can disrupt crucial
host genes, rendering them useless, as
well as critical ‘control regions’ of DNA
that switch genes on and off. Again,
disruption of these areas can have far
reaching and catastrophic effects.

of the animals involved.

In this technique, female animals (mice,
for example) are injected with a hormone
that causes them to produce many eggs,
which are fertilised by a male. The female
is then killed so that her embryos can be * Tissue-specific and species-specific
harvested, at which point the transgenes effects can confound results. DNA
molecules can be chemically modified in
certain host cells of particular animals,
and this has been known to result in
severe developmental abnormalities,
causing extreme suffering of offspring
animals. Gene expression has been
known to stray from its usual site,

are introduced to the embryos via
injection through a small glass needle.

20 or 30 embryos are then transplanted
into a number of ‘pseudopregnant’ female
mice (these are mice that have been
previously mated with castrated males

to prepare their uteruses for implantation:
they are clearly not pregnant following
this mating, but their bodies act as though

causing a gene that is usually
expressed in one specific organ or

they are.) About three weeks following tissue to be expressed in another.'>?

the transplantation of embryos, comes « The obvious welfare implications

resulting from the above issues are
compounded by breeding programmes
subsequent to the experimental

the birth of any pups that have survived
the process.

Typically, 20-30% of the embryos develop

Making Genetically Modified Animals

to term. 20% of these, in other words
4-6% of the initial embryos, contain the
transgene. Successful uptake and
function of the transgene is then
confirmed via DNA analysis of these
offspring, usually by cutting off the end
of their tails or ears.

Successful confirmation of transgenesis
at this stage is not enough. To be of any
use, a suitable population of transgenic
animals from which breeding can take
place must be generated. This is

usually done by the mating of these

10 Man Or Mouse

transgenesis, which can involve large
numbers of animals and therefore high
levels of suffering and mortality.!1314

3. Embryonic stem cell method

This method utilises stem cells (cells that
have the potential to develop into any
kind of specialised cell later in life, such
as brain, muscle, nerve etc.) from early
stage embryos known as blastocysts.'®
Blastocysts are embryos that have
developed for only a few days



e

post-fertilisation, consisting of a hollow
sphere of around 100 cells and that
hasn't yet implanted into the wall of
the womb.

Using the ubiquitous GM mouse as an
example again, embryos a few days old
are removed from a freshly killed pregnant
animal and the stem cells are isolated and
incubated in vitro. During this time the
transgene is introduced via an engineered
virus or by using an electric current. The
transgene is introduced in tandem with
another ‘marker’ gene, such as a gene
that confers resistance to an antibiotic.
This allows those stem cells containing
the transgene to be identified and
selected using the antibiotic. Only those
cells containing the transgene will be
resistant to it, while all cells not
containing the transgene will be sensitive
to the drug and will not be viable.

These stem cells are combined with a
new ‘host’ blastocyst, which is then
introduced into a pseudopregnant
female.1®17

This process gives rise to progeny animals
known as ‘chimaeras’ that are composed
of some cells derived from the transgene-
containing stem cells, and others from the
blastocyst into which the original stem
cells were introduced. Often, the mice
used as a source of these cells are
different colours, so that the proportion of
each of the progeny mice that is actually
transgenic can be estimated simply by
observing their colouring. Subsequent
breeding will give rise to offspring of
different colours, and the potentially
transgenic individuals can be selected

and subjected to further testing.

One advantage of this technique is that
insertion of the transgene into the host
genome is not random, but directed, via
specific pieces of DNA flanking the
transgene that recombine with matching
areas of the host's DNA. This lowers the
chance of inducing mutations in host
genes by random insertion. Unfortunately,
the technique is still no more effective
overall than microinjection in terms of final
outcome, with unavoidably high numbers
of wasted embryos and adult animals.

In addition, only a small number of strains
of mice are suitable. It is doubtful whether
these strains, with their limited and
relatively invariable gene pools, can reflect
the genetic complexity of human beings
or serve as appropriate models for human
disease. This is especially so when one
takes into account the genetic changes
that are known to occur in the stem cells
themselves when they are removed from
their natural environment of the blastocyst
to be grown in vitro.'®

Recent developments and
other uses of GM technology

In addition to technical improvements with
the viral method mentioned previously,
other attempts have been made to
overcome the problems associated with
transgenesis, including techniques such as
sperm-mediated gene transfer (SMGT)!°
and transposon-based gene delivery.2®
The results have been variable.?! The
former method involves simply incubating
sperm cells in a solution of DNA
containing the transgene, during which it
is hoped that the sperm ‘absorb’ the
transgene, thereby enabling them to
transfer it during an in vitro fertilisation
process. This promises to be very quick
and easy if it can be made to be
successful: unfortunately, the jury is

out. Although there are reports of
successful uptake of transgenes by
sperm cells,?!?2 there are many
examples of results showing the
opposite,?® and some 15 years after

it was first reported it has not yet

been established as a reliable form of
genetic modification.

As described earlier, genetic modification
doesn’t just comprise the transgenic
techniques outlined above. Changes in
DNA known as mutations occur naturally,
and form the basis of evolution and
natural selection as organisms change
and, sometimes, by chance become
more suited to their environment.
Mutations have been used in genetic
research for decades, both by detecting
naturally-occurring gene mutations and
linking them to observable traits in the

Man Or Mouse li
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organisms affected to elucidate the
functions of that gene, or by deliberately
inducing mutations to see what happens.
In August 2005, £9 million was earmarked
by the European Commission for the
production of a ‘library’ of 20,000 mouse
embryonic stem cells, each containing a
specific mutant or ‘knocked out’ gene.
Known as the EUCOMM Project, this
endeavour is ostensibly to further our
understanding of uniquely human diseases.

Mutations and mutagenesis

DNA mutations occur spontaneously as a
result of mistakes made by parts of a
cell's machinery responsible for copying
and repairing that DNA, or through external
agents such as chemicals, radiation and
ultra-violet light in a process known as
mutagenesis. In normal circumstances
such ‘errors’ are rare and repaired as a
matter of course with no ill-effects,
although the fidelity of this process is not
100%, especially when the DNA is damaged
at multiple sites and/or when that damage
is severe. Even the smallest error can
have extreme effects: people with
sickle-cell anaemia, which affects more
than 6000 people in the UK alone, are the
victims of a ‘point’ mutation that results in
the substitution of just one amino-acid in
the haemoglobin of their red blood cells
when the gene responsible is expressed.

The detection of gene mutations and the
linking of them to observable characteristics
(‘phenotypes’) of individuals carrying them
have, over time, contributed greatly to

the understanding of gene function. In

the past decade this led to the random
mutagenesis and screening of mice in
large-scale projects, in the hope that

some light could be shed upon the function
of many novel genes discovered in, for
example, the human genome project.

The mouse mutagenesis
project

Certain chemicals exist that are especially
potent DNA-damaging agents, which have
formed the basis of some large-scale
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research programmes in recent years
involving hundreds of thousands of mice.
A favourite chemical of the mouse
geneticist is ENU (N-ethyl-N-nitrosourea)
due to its high potency. This is injected
into male mice, whose mutated sperm via
subsequent matings produces an array
of progeny with a huge variety of genetic
mutations. Specific individuals with
‘interesting’ phenotypes are then chosen
for further study in an attempt to identify
which of their tens of thousands of genes
have been mutated, and which of these
may be responsible for their abnormal
appearance and/or behaviour.

This approach has been extensively

used in an attempt to reveal gene
function in the mouse, in the hope that
any information will be similar to the
human situation and therefore be
applicable to human disease research.
Applications in this collaborative ‘Mouse
Mutagenesis Project’?*?” range from
studies into complex behavioural traits
including drug and alcohol responses,
circadian rhythms, epilepsy and
psychiatric diseases,?®3° to studies into
skull and eye abnormalities®!*2 and indeed
a whole host of human diseases.3334 Many
hundreds of types of mutant mice have
been created via the screening of many
tens of thousands of animals,353% all of
which exhibit some form of deformity,
behavioural abnormality and/or
physiological dysfunction.

The ethical cost of these projects is
unavoidably high. This is brought into
clearer focus when one considers that
only 1-2% of the animals are retained -
these having exhibited (by the researchers
criteria) an interesting phenotypic change:
98-99% are killed immediately as a result
of having nothing ‘novel’ to offer. Of the
1-2% ‘successes’, on average only one

quarter will possess a new mutation for
further investigation. Therefore, three
quarters of the initially intriguing mice

are discarded when it is discovered that
their mutations are duplicates or not of
sufficient interest. Factoring in additional
duplicates from other institutions
participating in the project, plus mutations



that Kill progeny animals during prenatal
or postnatal development, the extra
‘non-randomly mutagenised’ animals used
in breeding, the males subjected to the
ENU mutagenesis in the first place, and
the subsequent analytical procedures the
ultimate animals of interest must endure,
we can see that this area of research
begins to look ethically troubling by
anyone’s standards.

Most people, then, would surely agree
that this type of endeavour ought to
demonstrate promise of a huge pay-off
for human health, in order to balance
these troubling animal welfare aspects.

In reality there is a significant level of
feeling that this does not constitute good
science, but poorly defined and crude
research that is of limited value in
furthering the understanding of human
genetics and disease. Of much more
relevance to comprehending the function
of human genes in a human environment
and discerning the genetic basis of human
diseases, would be human-specific studies
using tissue samples, cultured cells and
DNA microarrays (‘gene chips’). The

latter are small pieces of glass, upon
which are spotted tiny amounts of DNA
representing thousands of human genes.
These can be ‘probed’ using DNA samples
from healthy and diseased people, and
scanned using a computer to reveal huge
amounts of comparative information about
gene activity relevant to specific diseases.
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‘It is apparent from an analysis of some transgenic disease models that the actual benefits
of using the model are rarely completely equivalent to the potential benefits, and that the
decrease in aspects of animal welfare might be disproportionate to any benefits gained.’
‘Problems persist when extrapolating data obtained by using such transgenic animals to

the disease condition in humans.”

Uses of, and Problems with, Genetically

Modified Animals

If promises from those involved in

their creation are to be believed, the
contribution of GM animals to human life
will rival that of the wheel. Manipulating
the genomes of ‘imperfect’ animals will
lead to a complete understanding of
genetics and cell biology; drugs to cure
all diseases; simple and reliable test
protocols to determine which chemicals,
drugs and foodstuffs are safe and which
dangerous and in what amounts; an
unlimited supply of animal organs for
human transplant with no problems of
rejection; animals that can act as ‘drug
factories,” churning out huge amounts

of effective drugs in their milk.

We look at each of these areas here, but
pay particular attention to GM animals in
biomedical research, which constitutes
the biggest area by far in which they
are used.

l. Human disease models

‘With the exception of basic genetic
mechanisms, the mouse is a relatively
poor model for the human. 38

As previously mentioned, animal models
of human diseases have been around

for several decades. Their use declined
substantially for more than ten years,
arguably as scientists realised their futility,
until the advent of transgenic technology
enabled them to utilise extraordinary new
methods to search for those elusive ‘more
human-like’ models that promised fame
and fortune. Since that time, countless
GM animals have been created and
offered to science as putative models

of a wide range of human diseases. The
difficulty for those scientists trying to
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make sense of all this... is that it's just not
that simple.

All diseases have a genetic component to
some degree. Some diseases are ‘caused’
largely by external factors such as diet,
lifestyle and pollution, in which our genes
merely predispose us to a degree of
resistance or susceptibility. With lung
cancer, for example, one individual could
smoke heavily into old age yet never
suffer significantly, whereas another
non-smoker could contract the disease
early in life from passive exposure. Other
diseases have a firm genetic cause:
sometimes only one gene is responsible,
sometimes several. Some identical genes
and mutations can cause disease in some
individuals but not in others.

It's also important to bear in mind here
that humans have 23 pairs of chromosomes
in each of their cells; we have two copies
of each of our genes, one is passed from
the mother and the other from the father.
Sometimes, a faulty gene inherited from
one parent will be of no consequence
providing we have a normal copy from
the other; here, the faulty gene is termed
‘recessive’. Only when an individual has
two copies of the faulty gene is there

an effect. But in some cases, certain
mutations can be ‘dominant’, meaning
that if we inherit one faulty copy we also
get the disease, despite the presence of
a normal copy.

GM animals have been used to model a
number of human diseases from each
of these categories. As an introduction
to their use and their relevance to the
human diseases for which they are
models, a brief summary of some of the



most interesting is given here. We

begin with the genetically ‘simple’ and
perhaps the longest running GM disease
investigation for which there is plentiful
data: cystic fibrosis.

Cystic Fibrosis

As the most common inherited fatal
disease in much of the world, affecting

1 in every 2500 children, cystic fibrosis
(CF) has always attracted a great deal of
research attention. Its cause in humans
has been known since the 1980s when

in vitro research culminated in the discovery
of the gene responsible, known as CFTR.
This gene encodes a protein that functions
as a ‘channel’ in and out of various cells
of the body. When faulty, this gene gives
rise to a channel that doesn’t form
properly and this results in the build up
of very thick mucus - predominantly

in the lungs and pancreas but also
sometimes in the liver. Pancreatic
problems affect most CF sufferers but
by far the main cause of death is chronic
lung infection, rooted in the sticky
secretions that form a breeding ground
for harmful bacteria.

Instead of proceeding at full pace with
human-based research, scientists turned
to mice and began to look for a similar
gene to see if, when mutated, it caused
anything resembling human CF. This
persistence with animal use occurred
despite a previous record of abject failure
with non-GM CF animal models. Despite
huge expense and effort centred around
the injection of bacteria into these
‘conventional’ animals’ lungs and the
induction of allergic airway disease, the
project consistently failed to provide
any useful information.

Presumably the hope had been, if
successful results were forthcoming, to use
the GM model to probe further the progress
of the disease and also to test potential
treatments and cures. A gene was finally
found that was 78% similar to the human
CFTR gene, and this was the signal to
create transgenic mice with mutations.
Because CF is a recessive condition, mice
had to be engineered and bred with two
mutant CFTR genes, termed (-/-) mice.

Some observations and excerpts from the
scientific literature reveal the true extent
of the disaster that has unfolded since
this time. It is important to keep in mind
the progression of CF in human beings:
95% of sufferers die from lung infections;
pancreas disorders affect 85%, and liver
disorders up to 43%. Intestinal obstruction
is not a human factor:

¢ CFTR (-/-) mice ‘do not have the
mucus-clogged lungs and persistent
lung infections that plague human CF
sufferers. That could be because the
lungs of mice are fundamentally
different from those of humans - they
have fewer mucus-secreting glands
and cells overall ... our CFTR mice
die early in life of gastrointestinal
obstruction, and not from pulmonary
[lung] infections.>°

e ‘Symptoms of the CF mice are hardly
identical to those of human CF... there
are just too many subtle physiological
differences between the two species.’#°

Different teams began to argue about
the merits of their own particular mice.
None of them, however, could argue that
its model had been a success:

¢ ‘The apparent differences in [the
mouse models] underscore the
complexities of modelling human
diseases in animals.’#!

¢ |n all mouse models pancreatic blockages,
if they occurred at all, did so at a
late stage, only occasionally, and
were much less severe than the human
equivalent,39:4243

¢ Many CF mice suffer from intestinal
blockages (not seen in humans), and die
in early life from them.434¢

e Almost all male CF sufferers are
infertile due to reproductive tract
problems: there is no such evidence in
the mouse models.3%47

The unavoidable conclusion is that animal
models of CF have been an unqualified
failure. This was always going to be the
case: chronic lung infections, brought
about by thick mucus secreted by the
serous glands, kill human CF patients
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...and mice don’t have these. Their lungs
are different, their cells are different and
their gene expression is different.4850
What use is an animal model of CF in
which many animals die of unrelated
complications before lung and pancreatic
problems have a chance to manifest, and
where those animals that survive don't
suffer the pancreatic problems and lung
infections that are the main targets of the
disease in humans anyway?5!%4

The history of CF research had been an
immensely promising list of achievements
without using animals. Autopsies, clinical
observation and in vitro studies were
responsible for revealing the biochemical
nature of the disease, its mechanisms,

the pancreatic problems and the
development of diagnostic tests.5558

Yet still researchers persisted with and
obsessed about an animal model. Even

in the face of the information above and
with successful laboratory-based culture
of human CF-affected cells a reality,
scientists are still consuming valuable funds
and time using animals, presumably out of
habit, hubris and intransigence... and it still
isn't working. Studies in mice showed that
an alternative channel to CFTR could
compensate for it when it is ‘knocked out,’
resulting in healthier tissue. In human tissue,
this is not the case.5®%! In mice, the activity
of curcurmin (a component of the spice
turmeric) can correct CF defects, a finding
that caused great excitement but that was
not replicated in human cell cultures.®253
‘Gene therapy’ trials that were successful
in Mice®*%5 have led to no less than 29
failed human trials.es

Evidence that scientists are moving away
from transgenic mice CF research might
be encouraging, if that movement wasn’t
towards other animal models. The mouse
may have proved to be futile to many
researchers, but it seems their problem is
not with the animal model; it's with the
species. Cue efforts to investigate CFTR
activity in sheep, ferrets, and non-human
primates.®”-®° The inability of many
scientists to act upon the facts in front
of them is astounding.

The contribution of non-animal research,
however, continues, despite attracting less
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funding than animal models.”® This is
evidenced by the development of
effective treatments to protect against
killer infections and thin the lung mucus’*73
such as dietary measures, physiotherapy
and infection control, that have increased
life expectancy by decades to over

40 years.”*

Parkinson’s Disease

Parkinson’s Disease (PD) currently affects
1 in 500 people in the UK, representing
120,000 people in total or about 1-2% of
the population above the age of 65.7° It
manifests as tremors, muscular stiffness
and slowness of movement, and is
characterised by the loss of cells in a
part of the brain called the substantia
nigra that produces a chemical known
as dopamine, which is involved in the
transmission of signals between nerve
cells (neurons).

The causes and progression of PD are
poorly understood, but there are thought
to be genetic and environmental factors
involved. In addition to loss of cells
producing dopamine (dopaminergic or
‘DA neurons), a hallmark of the disease
is the presence of objects called ‘Lewy
Bodies’ in those DA neurons that do
survive. These Lewy Bodies are primarily
composed of three proteins, called
alpha-synuclein, ubiquitin and parkin.

Genetic studies of human populations and
PD sufferers have revealed that mutations
in the genes that produce these three
proteins, amongst a number of other
candidate genes, can actually cause the
disease.”®83 Naturally, since these human-
based discoveries, transgenic knock-out
mice have been created with defects in
these genes based on the assumption
that they would reveal a whole host of
useful information about human PD.

Rather predictably though, they have
served to confound the situation, producing
results that are unclear, inconsistent and
contradictory to human PD:

e In mice, a lack of alpha-synuclein results
in neither the Parkinsonian phenotype

nor alterations in DA pathways. They
do not exhibit any obvious pathological



features, and their development is
normal.84

e Transgenic mice overexpressing either
normal or mutant alpha-synuclein have

generated inconsistent results.8587

¢ Recent gene targeting strategies have
generated several mouse lines with
mutations in the DA system, which
serve only to highlight the crudeness
of this approach. Mice lacking genes
involved in DA production die at a
late embryonic stage or shortly
after birth.888°

e Transgenic rats with altered
alpha-synuclein expression have
been created that did show substantial
dopamine loss. However, their motor
behaviour was only marginally affected,®
or not affected at all.®!

* Mice with the parkin gene knocked
out show no clinical or pathological
problems.®?

So what can we expect to learn from
models that show marked and fundamental
differences to human PD? On the whole
they don't reproduce the loss of DA
neurons in the substantia nigra of the
brain or even show any pathological
changes in them; they reveal no difference
in the release and re-uptake of dopamine;
they lack typical Lewy Body formation;
they show changes in the motor neurons
of the spinal cord not seen in human PD;
they suggest alpha-synuclein is not essential
for DA neuron function. In fact, there is

a good chance that they don't represent
PD at all, but a different type of
neurodegenerative disease altogether.®®

Yet again, GM animals have failed to
further medical progress, just as their
non-GM predecessors always have. The
latter are based on monkey and rat
models in which poisons are injected that
affect their brains: overwhelmingly, clinical
trials that have stemmed from the data
produced have shown negative or, at
best, ‘unsatisfactory’ results. A review

of these strategies was compelled to
state, ‘The results of all these studies
raise several questions about the true
reliability and validity of animal data, the

adequacy of the current working
hypotheses, and the presently used tools
to evaluate a specific effect.’®*

As always, a critical examination of the
literature shows that we have non-animal
research to thank for the great discoveries
surrounding PD. Autopsies revealed the
importance of the brain’s substantia nigra;
in vitro research indicated dopamine
deficiency; epidemiology is uncovering

the genetic basis of the disease and
susceptibility to it; clinical studies and
serendipity were the foundation of others.

Diabetes (Type I, or Insulin Dependent’)
Type | diabetes occurs when part of the
pancreas is destroyed by the body’s own
immune system, meaning that it cannot
produce insulin. Without insulin entering
the bloodstream from the pancreas, the
glucose in our blood derived from the food
we eat cannot be delivered to the cells
of our bodies that need it for energy.
Instead of getting into our cells, this
glucose builds up in the blood, with
extremely dangerous consequences.

Diabetes research followed the course of
all other areas of medical research by
turning towards animal models. In this
instance, modern transgenic technologies
have not been entirely responsible for this:
simple breeding of rodents gave rise to
the ‘Non Obese Diabetic’ (NOD) mouse
and the BioBreeding (BB) rat, although
transgenesis has been employed in an
attempt to determine the role of the
immune system.

Unfortunately for people suffering from
diabetes all over the world, animal models
have succeeded only in impeding and
misleading researchers. Some quotes from
a recent comprehensive review on the
subject®® are extremely candid:

‘Animal models... have led to misconceptions
and erroneous extrapolations, as well as
false expectations with regard to the
efficacy of immunotherapy. We argue that
animal models have limited value when

it comes to teaching us about Type |
diabetes in humans.’

‘The Type | diabetes research community
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has developed a ‘selective blindness’ as
evidenced by its failure to recognise a
number of shortcomings associated with
animal models of the disease.’

‘Studies of transgenic animals or gene
knock-out mice represent case reports
that could suffer from cell biological and
immunological artefacts unrelated to and
incompatible with Type | diabetes in
humans, or even in rats and mice.’

‘Animal models have, over time, proved
to be more often inaccurate than
accurate, especially with regard to
therapeutic interventions.’

Some of these reported successful
therapeutic interventions in NOD mice
include bee venom, castration, ‘emotionality’
and nicotine. Conflictingly, other examples
are cold exposure and elevated temperature,
and solitary housing and overcrowding.
Almost 200 interventions have been
shown to prevent or delay Type | diabetes
in NOD mice... with no success in humans.

There are profound differences between
the immune systems of mice and humans,
amounting to more than 80 examples,®® a
fact that surely invalidates any attempt

to infer useful information from mouse
models. Even so, the differences are
generally ignored, despite them being the
reason why the results from transgenic
mouse studies into Type | diabetes have
been difficult to understand.®” 8 In fact,
NOD mice lack many immune system
components present in humans that render
them resistant to diabetic ketoacidosis -
the most serious manifestation of diabetes,
leading to coma and often death.

Type | diabetes is a complex, multifactorial
disease in which there is no straightforward
relationship between particular genes and
the condition itself. If valuable and promising
findings from human-oriented investigations
had been built upon without recourse

to animal models, we would undoubtedly
be better poised in our search for a

cure. Contrary to popular belief, animal
experiments were not necessary for the
discovery of insulin or its production to
help diabetics; this much can be easily
established by examining any full and
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objective account of the history of the
disease. As ever, a more in depth study
of the course of medical progress reveals
that autopsies, clinical studies, in vitro
work and medical serendipity were at the
core of our understanding of and progress
towards treating and curing diabetes.
Patient studies revealed that the basis of
the disease is an autoimmune attack on
the insulin producing cells of the pancreas,
and also resulted in the discovery of

oral drugs that obviate the need for
insulin injections in some patients. In vitro
techniques allowed the discovery,
purification and mass production of
insulin, while human based studies
continue to elucidate the genetics behind
and the causes of the disease.

Alzheimer’s Disease

Alzheimer’s Disease (AD) represents 70%
of all dementias, affecting just under 1%
of the population. It is characterised by
progressive cognitive and memory decline,
with the associated presence of distinctive
hallmarks of AD in the brain, known as
amyloid plaques and neurofibrillary tangles.

These plagues and tangles were discovered
via autopsies of affected patients, and
have been extensively characterised since
then. Plaques are composed largely of

a protein called AB (beta-amyloid), which

is ‘cut’ from a naturally-occurring
precursor protein known as APP. Tangles
are made up of another ‘normal’ protein
known as ‘tau’ that is present in all

ageing human brains.

Transgenic mice have been used in various
ways to investigate the formation of these
plagues and tangles. Mice with mutant

tau genes were created in the hope that
they could shed some light upon tangle
formation in the human brain affected by
AD, but they failed to show any AD-like
symptoms or even any sign of altered
neurological function. These findings
suggested that tau may be a simple
effect of the disease rather than a cause,
though it is now generally thought that

tau is highly species-specific: tau pathology
in the ageing brain is unique to human
beings with the exception of a few old

baboons, for example.®® Transgenic



animals expressing large amounts of
APP protein, mutant APP, or with APP
completely knocked out have failed to
indicate the function of the protein or its
role in AD:!%° those animals accumulating
AP plagues display only subtle effects,
and do not develop neurofibrillary
tangles or suffer from significant
neurodegeneration.1®! The same is true
for other animals engineered with genetic
mutations found from screens of human
AD patients, such as in the ‘presenilin 1’
and ‘presenilin 2’ genes.1°21% |n contrast,
human presenilin mutations resulting in
the overproduction of Ab and plaque
formation!®* are a major cause of AD,
although the exact mechanisms are

not known.

In summary, animal models of AD have
failed to replicate the pathology of the
human disease and to shed any light upon
its true causes: despite a huge investment
in terms of funding, human effort and
sacrificed animals, we are no further
forward in knowing if AD-associated
plaques and tangles are a cause or an
effect of the disease. Meanwhile,
animal-based research continues to
mislead and cause harm. A proposed

AD vaccine, for example, developed using
transgenic mice (which incidentally also
tested ‘safe’ in monkeys, rabbits and
guinea pigs), had to be withdrawn after

it caused serious brain inflammation in
clinical trials.'®®> And, of course, human
based research is continuing to pay
dividends: genetic screens, clinical
research and in vitro studies are forging
ahead, unravelling the course of the
human disease, revealing new genes

and drug targets.

Other diseases

Available space precludes a more
comprehensive précis of GM animal
models of other human diseases; suffice
to state that a common theme runs
through them all. The disastrous
consequences of modelling even a ‘simple’
(in genetic terms) disease such as cystic
fibrosis should have resulted in all signs
pointing away from the road towards GM
animal research, yet it continues to be

pursued with more vigour than ever. And
CF is not the only such example; take, for
instance, two other single-gene diseases
that have been ‘modelled’ using transgenic
mice: Tay-Sachs Disease and Lesch-Nyhan
Syndrome. Tay-Sachs Disease results
when a faulty gene causes the
accumulation of a fatty material called
‘ganglioside’ in nerve cells throughout the
body, leading to deafness, blindness,
dementia and, ultimately, paralysis.
Transgenic mice mirrored Tay-Sachs in
humans by accumulating gangliosides.
Unlike humans, this occurred only in
specific nerve cells, and crucially the

mice failed to show any Tay-Sachs
symptoms.196:197 Mice carrying similar
genetic mutations to those found in
humans with Lesch-Nyhan Syndrome
showed none of the self-harming behaviour
or mental retardation seen in the latter -

a difference subsequently revealed to

be due to a simple biochemical disparity
between the species.®®1%° |f models of

a one-gene disease fail so miserably,

how can we expect ‘stab-in-the-dark’
models of immensely complex human
diseases involving many unknown genes
to bear fruit?
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2. Toxicology & 3. Production of Organs for Human Transplant

2. Toxicology

In recent years, transgenesis has been
used in what can only be considered to be
a last-ditch attempt to derive some form
of useful information from animals used in
toxicity testing. For decades, the assessment
of which chemicals, drugs, food additives
and so on might pose a hazard to human
health has relied heavily upon administering
them to mice and rats, and examining their
tissues for damage. It is now universally
accepted that the correlation between
results from these investigations are in the
region of 5-30%, a statistic that belies
claims that these tests can be in any way
predictive of human response, 110111

And so these mice have been transformed
into new, improved transgenic animals that
are now more susceptible to the harmful
effects of various substances - and, it

is hoped, be more predictive of which
substances will poison and/or cause
cancer in human beings. The reality is

that transgenic animals are continuing to
produce inconsistent results and be of

no predictive value in such assessments,
and that no single transgenic animal or
combination of transgenic animals performs
nearly well enough to be considered
sufficiently reliable for regulatory
use.l12113 For example, genetically
engineered mice manipulated to investigate
genes involved in cancers of the nervous
system in children showed that some
genes and mutations clearly associated
with specific human tumours produced
very different effects in mice, and that
one cancer-causing genetic pathway in rats
did not operate in any human tumours.!*

As ever, non-animal techniques are showing
much more promise in this field. Toxicity
and carcinogenicity screens using batteries
of tests involving human cells, DNA chips,
in vitro methods and computer modelling
are paving the way. Only stubborn and
dogmatic resistance to them in favour of
the ‘tried and tested’ approach (no matter
how badly this has failed) is standing in
the way of their adoption.
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3. Production of Organs for
Human Transplant

Due to the perennial shortage of human
organs available for transplant, attempts
to use animal organs in a process known
as ‘xenotransplantation’ have been made
for many years. All of them have failed
due to the rejection by the host's immune
system of the ‘foreign’ transplanted organ.
This also occurs in human to human
transplants, though any reaction is
minimised via careful tissue matching prior
to transplant followed by the prescription
of immunosuppressive drugs to dampen
this response. When the donor organ is
from a different species, however, the
host immune response can become a
violent ‘hyperacute rejection’ in which the
organ can be destroyed within minutes.

In recent times, pigs have been genetically
manipulated in an attempt to overcome
this problem. Pigs were chosen because
they possess organs that are roughly the
same size as their human counterparts.
Additionally, because they are used as
food animals in their billions, they do not
pose ethical difficulties for most people.
They have been engineered so that their
organs for transplant should be less prone
to rejection, by either removing surface
proteins that reveal them as ‘alien’ in a
new host, or by adding a human protein
that can inhibit the molecular mechanisms
responsible for rejection. 5117

Unfortunately for the companies that
have invested tens of millions of pounds in
xenotransplantation in the hope of realising
the speedy and massive financial gains
promised by its proponents, things have
not gone according to plan. Organ rejection
has proved to be a more complex process
than originally thought, involving many
more genes and molecular pathways that
must be intercepted.!!® The scale of the
problem posed by viruses carried by pigs
was clearly underestimated: there are high
profile examples of infectious agents
crossing species barriers, such as the
Ebola and Marburg viruses from monkeys,
the possible evolution of HIV from a
monkey virus, BSE/CJD from cows, and
recent avian flu epidemics in Asia.



Perhaps more worryingly, instances of
viruses crossing to humans from pigs
make grim reading: the ‘Nipah’ virus
crossed from pigs to humans and killed
more than 100 people in Malaysia in
1999;!1° the Spanish Flu that killed up to
50 million people in 1918 is thought to
have been a mutant pig flu virus,!2°
other agents have been identified that
normally infect pigs but that can also
infect humans.'21122 Clearly, the danger of
infection here is not only limited to potential
recipients of xenotransplants: everyone is
at risk. One particular hazard is a type of
pig virus known as ‘Porcine Endogenous
Retrovirus’ (PERYV), and experiments have
shown that these viruses can and do
infect human tissue. PERVS cannot be
eliminated from donor pig organs, a fact
that prompted a renowned virus expert to
state, ‘Public health officials should resist

and

the transplant community’s clamour for
animal organs in light of this data.’'23

A substantial question mark has been
placed over the suitability of pig organs
for human transplant even if these rejection
problems and infection risks could be
surmounted, based on basic but major
physiological and biochemical differences
between the organs!?*!2> that mean the
organs simply may not function in a human
environment. Another factor that has not
escaped the attention of even the most
ardent supporter of xenotransplantation is
the cost in terms of animal welfare: not
only do the animals involved (that have
included sheep, tigers, pigs, cats, lions,
wolves, foxes, dingoes, dogs, hares, rabbits,
baboons, monkeys, goats, guinea pigs,
mice and rats) suffer from the genetic
modification process as detailed earlier,
but they then undergo invasive surgery,
the side-effects of immunosuppressive
drugs, and invariably suffer the consequences
of organ failure leading to death.

As ever, there are alternatives to this
exercise in futility that have been
demonstrably successful where they

have been implemented. Simple strategies
such as encouraging lifestyle changes
that prevent the need for many transplants;
encouraging the 75% of people who express
a willingness to carry donor cards to do

so; improving organ supply and debating
the introduction of an ‘opt-out’ scheme
such as that which means organ transplants
occur at almost three times the rate in
Spain compared with the UK. Stem cell
technologies are improving too, with the
promise that they could eventually result
in the production of tissues and organs for
‘self-transplant’; already, they have been
used to repair the hearts of heart-failure
patients who no longer need transplants.'?®

4. Pharmaceutical Factories

Human proteins are used therapeutically in
the treatment of a wide range of diseases,
such as multiple sclerosis, hepatitis, cancer,
cystic fibrosis and malaria. These proteins
have been successfully produced via a
number of methods for some years,
including GM bacterial and yeast cultures,
cultures of mammalian and plant cells,

and entire GM plant crops, with each
method having distinct advantages and
disadvantages. Transgenic animals have
been added to this list more recently, not
due to necessity, but mainly because
companies producing the therapeutic
proteins believe that, once developed,
pharmaceutical-producing GM animals can
be scaled up to a huge degree and wiill
then generate almost limitless amounts

of product very cheaply.!27-129

Cows, chickens, goats, pigs, rabbits and
sheep have been genetically engineered to
produce therapeutic proteins in an industry
known as ‘pharming’ or ‘biopharming.” The
animals are manipulated so that they
produce these products in their milk, mostly,
but also in their urine, blood, or even
sperm.!39131 |_arge amounts of these
proteins are then purified and processed
into a final product. Animal welfare
concerns include all that has been
mentioned previously in this report
regarding the production of transgenic
animals, but there are some additional
problems specific to pharming. In principle,
transgene expression is intended to be
confined to, for example, the mammary
gland in those animals engineered to
produce the transgene protein product

in their milk. However, ‘leaky’ gene
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expression is often detected in other
tissues, and the proteins are often found
in the animals’ blood.'32133 This can have
severe negative health consequences, 34
causing animals to suffer from ‘pathologies
and other severe systemic effects’, as
reported by the National Academy of
Sciences in the USA.

Scientific and medical concerns surrounding
these endeavours include, in common with
xenotransplantation, the risk of cross-species
disease transmission. This risk, of course,
is real, though it may be considered minor
by patients relying upon a transgenic
therapeutic protein to ameliorate their
suffering and/or disease. In addition, it is

a statement of fact that many if not most
human proteins will not be ‘as they should’
structurally, functionally and biochemically
unless they are produced in a human
milieu, i.e. in cultured human cells. Some
proteins are absolutely fine being produced
in bacteria, for example, but others show
marked differences - ranging from ostensibly
inconsequential, superficial changes, to
massive and catastrophic ones. Proteins
in the latter class need to be produced

in ‘higher’ cells... so why produce them

in cow’s milk instead of cultured human
cells? The only answer is: profit. And

to produce such therapeutic proteins

in transgenic animals, with all that the
process entails, when this is not strictly
necessary, can be regarded as ethically
abhorrent and unjustifiable, especially in
cases where they could be efficiently
produced using plants and other means.

5. Cloning

Although cloned animals are not all strictly,
by definition, ‘genetically modified’ or
‘“transgenic,’ a brief consideration is given
here because the cloning process is
extremely important to transgenic research.

The technique, which seeks to produce

a physical replica of another individual
organism, involves fusing a cell from the
individual to be cloned (which may or may
not be GM) with an egg cell from a donor
individual that has had its nucleus (containing
its DNA) removed. The egg is then free to
develop, but uses the DNA from the other

22 Man Or Mouse

individual as its ‘programming,’ thereby
resulting in a copy of that individual.

The main scientific reasons for this activity
are to develop so-called ‘therapeutic
cloning’ and ‘reproductive cloning’
technologies. It is hoped that therapeutic
cloning could serve to produce body parts,
organs and cells that are an identical match
to one’s own, paving the way to safer and
more effective transplants and treatments
for all kinds of diseases. Reproductive
cloning, meanwhile, is currently being devel-
oped to allow scientists to replicate trans-
genic animals of interest.

It may be that exponents of cloning, like
those of transgenesis and those of many
other scientific disciplines who believe

in the promise of their work, overstate
the potential impact of it. It may be that
therapeutic cloning could be the answer
to the prayers of many people suffering
from a variety of diseases. But that
should not overshadow considerations

of the amount of work involved to
achieve success, or the significant
caveats intimately associated with it,

or the ethical concerns of the processes
involved, or the fact that, what works in
one species bears no relation to what will
or will not work in another.

Suffice to say here that cloning is an
immensely inefficient process, with

poor survival rates and a high degree

of associated suffering for the animals
involved. Typically, only one animal reaches
adulthood for every 100 manipulated
eggs; a 99% failure rate. Of these
‘successful’ clones, almost all animals

will display some form of defect or
abnormality, and many will die prematurely.

The intentions of some of its most
vociferous advocates must also be
suspect, with human cloning, agricultural
animal cloning and companion animal
cloning never far from the headlines.
Just recently (in August of 2005) it was
reported that the world’s first canine
clone, an Afghan hound, had been created
in South Korea. The team responsible
transferred 1095 embryos into 123
surrogate mothers - but just three
pregnancies resulted.



Alternatives to Research involving

Transgenic Animals

There is an abundance of evidence that, if
examined objectively, illustrates in no
uncertain terms that animal experiments
have been incidental to medical progress,
and it seems that GM animals aren’t going
to change things one bit. We have little to
thank them for in the history of medicine.
But even if they had been central and cru-
cial to many areas of medical progress
over the years, we'd still have to ask if
they are necessary or even helpful in

the year 2005. It's high time that a

proper assessment of the roles and
contributions of various scientific
approaches was undertaken.

‘“The mouse-wrangling business is booming...
a $200 million affair. The leading commercial
ranch... raked in $140 million in rodent
sales last year. '35

We live in an era with a great potential
for medical advancement. The tools and
technologies available to scientists to
unpick the secrets of nature and to get a
real handle on the terrible diseases that
afflict mankind are truly mind-boggling,
and are showing us the way ahead. It is
distressing to realise that a small yet
significant and immensely powerful group
of researchers, backed by the industries
that stand to profit from their work, cling
to animal research with the same tenacity
with which people cling to their livelihoods
and their life savings; and if they were
honest, they'd admit that this is exactly
what they’re doing.

Fortunately, many scientists are genuinely
objective, questioning, analytical and
impartial. And an overwhelming majority
of them pursue career paths that do not
involve animal research - actively shunning
it. The reason is simple: animal research is
not the answer. Goal-oriented scientists
working to get to the bottom of human
diseases know that animal research will
tell them nothing of any use, but that
working with better, more predictive and
more relevant methods will.

This is why the majority of research is
in vitro, using human cells and tissues
obtained from ‘tissue banks'. This is
why the use of computer modelling,
bioinformatics (using computers to analyse
biological data), DNA chips and human
stem cells is increasing rapidly. It is why
clinical studies and patient registers are
forging ahead, and why massive-scale
genetic screening programmes are
planned, using cutting edge technology
to unravel the fundamental basis of so
many diseases. Ultimately, we want new,
effective and safe drugs to treat our
ailments, and we don’'t need animals
biochemically far-removed from us to tell
us how to do this.

We live in an age with PET (Positron
Emission Tomography) and MRI (Magnetic
Resonance Imaging) scanners that can
trace miniscule amounts of new drugs
through a human body to see where they
go, what they do, how they are got rid of
and how quickly. They can look at what's
happening inside the human brain and
other organs. Robotic devices can scan
our genes in hours to detect abnormalities
and subtle differences that can cause
problems. We have no need whatsoever to
resort to animal-based studies. They have
always confounded what we have learnt
from human studies, and never more so
than GM animals. If science doesn’t move
onwards and upwards, away from this
paradigm, we will impede medical progress
by years.
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Summary and Conclusions

Summary and Conclusions

In assessing the uses of genetically modified
animals as we move into the 21st century,
the considerations and deliberations of
society boil down to one salient question:
do they make a positive contribution to
human health and wellbeing? For if they
don't, then all other factors are irrelevant. If,
on balance, they do more harm than good,
there can be no argument for persisting
with their creation and development,
especially when they are destined to
suffer from the moment of their birth.

In each case, we must ask if the time, money
and effort being invested in improving
transgenic techniques are worthwhile. Might
the claims being made by the scientists
involved be, to some degree, overblown,

as is often the case with relatively new
technologies? Do GM animals really promise
to cure disease? Do they have a track record
of promoting medical progress since their
introduction 20 years ago? Might the
resources dedicated to them be better
allocated elsewhere, to more relevant
research? Can any amount of genetic
engineering ever make animals ‘human
enough’ to give meaningful results?

In light of the facts and figures summarised
in this report, the inescapable conclusion
must be that the ‘balance of trade’ for GM
animals is severely in the red. The harm
that has been caused by their use is so
widespread and comprehensive that an
inordinate number of tangible successes
would have to be realised even to begin
to redress the balance.

Any correlation of data from research
involving GM animals with the human
situation is an exception, not the rule. Any
future successes must be weighed against
all past failures. Such data must be
predictive of human diseases and
responses to be of any use. There is no
merit in claiming, as some do, that we must
now make more use of GM animals to
catalogue the differences between ‘them’
and ‘us,’ in the hope that this will enable us
to sidestep the obstacles caused by species
differences and make some sense of the
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animal models, of cancer for example.13¢

If we want cures for human cancers, the
bitter experience of the past 40 years tells
us to look at cancers in human beings.

Transgenesis may well be scientifically
intriguing and challenging, but it is also a
folly. We have shown in this report the
reckless nature of transgenic research,
whether ostensibly to find cures for disease
or to supply organs for transplant. The price
we pay is incalculable human suffering as
medical progress is impeded by years, and
the immense suffering of millions of animals.

It is not for those who object to animal
experimentation for whatever reason to
defend their stance: it is for those who
support and pursue it to defend what they
do with substance and hard evidence.
Precious little evidence has so far been
offered in defence of animal experiments
that can withstand scrutiny, and GM
animals are not set to change this.

There is increasing demand from the general
public, as well as from the scientific and
medical communities, for an independent,
objective, comprehensive and transparent
scientific evaluation of animal research.
Such an evaluation has never taken place,
despite the impressive evidence calling
into question the scientific value of the
‘animal model'. As more substantiation of
the scientific objections to animal research
put forward by groups such as Animal Aid
and Europeans for Medical Progress comes
to light, it becomes imperative. We call upon
the government to rise above the propaganda
issued by those with vested interests in
the continuance of animal experimentation,
and make good their erstwhile promise of
an inquiry into its scientific validity.

“These models do not represent the basic
essence of human diseases... Prestigious
journals, however, appear more fascinated
with the modern mythology of transgenic
and knock-out mice than the humble reality
of human disease.”

Dr. Francesco M. Marincola, Editor-in-Chief of the Journal
of Translational Medicine.
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Glossary

Glossary

Amino Acid
The building blocks of polypeptides and proteins.

Blastocyst
An early stage embryo (typically a few days after fertilisation), taking the form of a hollow
ball of cells.

Cell

The smallest unit of living matter that can function independently. Microscopic fluid
compartments containing a concentrated solution of chemicals, along with various
structures that help the cell to stay alive, replicate and perform its necessary functions.

Chimaera
An individual organism whose constituent cells do not have an identical genetic constitution.

Chromosome
A long and continuous thread of DNA containing many genes.

Clone
An individual grown from a single cell of another, and genetically virtually identical to it.

Cloning
The process whereby identical individual molecules (e.g. DNA) or virtually identical
organisms (clones) are produced.

DNA
Deoxyribonucleic acid. The chemical constituent of chromosomes, made up of long chains
of four different ‘nucleotides,’ in the form a double helix.

Embryonic Stem Cell
Cells from an early-stage developing embryo, that are able to differentiate into any type
of specialised cell (e.g. liver, muscle, nerve etc).

Enzyme
Any protein that affects the rate at which a biochemical reaction is carried out.

Gene
A specific section of DNA on a chromosome, coding for a particular chain of amino-acids
known as a ‘polypeptide.” Can be ‘Structural’ or ‘Regulatory.’

Genetically Modified Animals
Animals whose DNA has been artificially manipulated. This includes clones, mutants and
transgenic animals.

Genome
The entire genetic complement of a living organism.

In Vitro
Literally, ‘in glass.’ In research, this term refers to experiments conducted in test-tubes
and plastic flasks etc., rather than ‘/n Vivo’ or in living animals.

Knock-outs
Organisms with one or more genes disabled via the insertion and/or deletion of segments
of ‘foreign’ DNA.

Knock-ins
Organisms containing a fully functioning ‘foreign’ gene.
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Mutagenesis
The process of causing genetic changes in individuals that alter or disrupt gene function.

Nucleotide
One of the four molecules that form the basic structural units of DNA.

Nucleus
Defined and bounded region of a cell, containing the cell’'s genetic material in the form of
chromosomes made from DNA.

Phenotype
The observable properties of an organism resulting from the function of its genes, and
their interaction with the environment.

Polypeptide
A chain of amino-acids linked by ‘peptide’ chemical bonds (hence the name), encoded by
a gene. See ‘Protein.’

Protein
Composed of a chain (or chains) of amino-acids, i.e. one or more polypeptides, with a
defined ‘3D’ complex structure that defines its biological function.

Regulatory Gene
Regulatory genes control the expression of structural and other regulatory genes,
increasing and decreasing their levels of activity or turning them ‘on’ or ‘off’ completely.

RNA

Ribonucleic acid. Similar in structure, but not identical to, DNA. It is responsible for many
biological functions, including a role as an intermediary in the production of proteins

from DNA.

Structural Gene

Structural genes code for proteins that ‘make up’ our bodies; that build our cells and
organs, and that form enzymes that carry out chemical reactions vital for life. See
also ‘Regulatory genes.’

Transcription
The first part of ‘gene expression.’ This is the process whereby an RNA ‘copy’ of DNA is
produced, acting as an intermediate molecule in the production of a polypeptide/protein.

Transgene
A ‘foreign’ gene introduced into a new ‘host’ organism.

Transgenesis
The process whereby a foreign ‘transgene’ is assembled and introduced into a new
‘host’ organism.

Translation

The second main part of ‘gene expression,’ after transcription.This is the process
whereby an RNA copy of a gene is used as a template to produce a polypeptide/protein
made from amino-acids.

Virus
A sub-microscopic infectious agent, composed of a protein ‘coat’ containing DNA or
RNA, that can ‘infect’ living cells and reproduce inside them.

Xenotransplantation
A process whereby organs from one species are transplanted into the bodies of another
species, for example pig hearts into baboons.
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