Transgenics

The use and usefulness of
transgenic systems in the
discovery of new medicines
The pharmaceutical industry is faced with the challenge to deliver truly novel
medicines to a market under financial pressure when pharmaceutical R&D
becomes increasingly difficult and complex.This review will mainly focus on
how transgenic systems can help to deliver drug targets that can open up
completely new treatment opportunities and also how the technology can help
maximise the quality of new chemical compounds.Together this will increase
the success rate for compounds during clinical development. It is clear that
genetically modified mice have many characteristics making them useful to
understand novel disease mechanisms and to find new pharmaceutical
treatment paradigms. Mouse and man are very similar on the genetic level, it is
possible to measure similar disease parameters in mouse and man and genetic
alterations in the mouse often result in functional changes predicting the
relevant pharmacological effect in man.Transgenic animals can be used broadly
in the discovery of new medicines.Traditionally, the main utility of transgenic
animals has been during the target validation phase, ie increasing the possibility
that a specific target is a safe and efficient drug target. However, at least as
important is the use of knockout animals in analysing the safety, specificity,
metabolism and efficacy of future drug candidates.

T

he pharmaceutical industry is faced with
the challenge to deliver novel medicines to
a financially constrained market when
pharmaceutical R&D at the same time becomes
increasingly difficult and complex. The healthcare
providers in different countries are forced to cut
costs and are therefore increasing their expectations on new medicines. In health-economic studies it is imperative, in my view, to make sure all
costs and potential savings in different areas are
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included when making the cost analysis of new
medicines. The organ responsible for covering
costs for medicines are often distinct from the
authorities paying for sick leave and early retirement. On top of this comes the loss of production
and the decreased revenues from taxation. The
value for patients in increased quality of life and
prolonged life expectancy, which are the most
important parameters in this context, is even more
difficult to express in monetary terms. In essence,
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Use of transgenics in drug discovery
● Target testing

● Compound testing
● Efficacy testing (animal models)
● Specifity testing
● Chemistry related toxicology
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Figure 1
Transgenic technology can be
used widely in pharmaceutical
R&D. In the early phases
transgenic technology can be
used for in vivo target
validation. During the lead
optimisation phase the models
can be used to understand
efficacy, specificity, distribution,
kinetics and safety of
compounds
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the pharmaceutical industry is asked to develop
novel breakthrough medicines to a low cost.
This challenge for the pharmaceutical industry is
linked to a large opportunity for companies willing
to adapt to the more difficult climate. This opportunity comes from the huge investment (more than
$3 billion) the worldwide scientific community has
made in analysing the structure and function of the
human genome. It is a mistake to believe that the
human DNA sequence by itself will disclose a large
number of new targets. The real value comes from
linking the discovered genes to normal function
and to disease. By doing this novel drug targets can
be found and new medicines, valuable both for
society and industry, can be discovered.
This linkage between genes/pathways/networks
and normal function/disease will come from a synthesis of data from genome structure, gene expression studies, mouse knockout experiments, in vitro
studies and clinical studies. The companies having
the capacity to refine this information and turn it
into knowledge will be the winners for the future.
This review will focus on how experimental
models, and in particular mouse models, can be
used to increase the value of both targets and compounds. In-depth analysis of targets will help to
link specific genes to disease and thereby discover
truly novel therapeutic approaches. Using transgenic mice to evaluate efficacy, safety and specificity of compounds will help to focus chemistry and
clinical trials on the compounds with the highest

likelihood of success and thereby increase the effectiveness of R&D.
I will not go into any detail about the technology used to generate transgenic mice. It is only
worth mentioning that although novel technology
(eg siRNA) may be important in the future, techniques like gene targeting (gene knockout) is likely
to be the workhorse for modification of the
genome in vivo in the foreseeable future.

What is required if the mouse should
be a model for human disease?
At least three conditions need to be fulfilled if the
mouse should be an adequate model for human
disease: 1) Human and mouse have to be similar
on the genetic level to allow for identification of
homologues genes and pathways/networks; 2) It
must be possible to measure similar functional
parameters in mouse and man; and 3) Genetic
intervention with transgenic technology of a specific target gene must result in an altered function
predicting the effect of pharmaceutical intervention with the corresponding target in man.
Similarity of human and mouse genomes
Both the genomic sequences for man1,2 and
mouse3 have recently been published and the similarities between the two genomes are striking.
Approximately 99% of the genes in mouse have
homologues genes in man and vice versa. The
opportunity to modify the mouse genome by transDrug Discovery World Winter 2004/5
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genic technology makes it possible to study loss of
function or gain of function of particular mouse
genes homologues to specific human genes. This is
likely to be one of the most powerful tools to
understand the functions of human genes in physiology and pathology.
Functional analysis of mouse and man
To be able to evaluate functional consequences of
perturbations of the mouse genome that are relevant to human physiology and pathology it must
be possible to measure similar functional parameters in mouse and man. This is challenging in many
areas but the progress has been tremendously fast
in the last five to 10 years.
The blood volume of a mouse is very small and
therefore the sample size that can be collected is
small. For analysis this requires very sensitive biochemical methods that can handle tiny sample volumes. Such methods are now established. The
advantage of a small body size is the minute
amount of substance needed when testing potentially novel medicines.
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The miniaturisation of methods for analysis of
cardiovascular parameters such as blood pressure,
ECG and blood flow has advanced enormously in
the last five to seven years. By using systems for continuous monitoring of unrestrained conscious animals it is not only feasible to discover small changes
in animals not stressed but it is also possible to discover changes only present at a specific time of day.
The human brain with all its complex cognitive
and emotional functions is probably the most challenging organ system in man to try to model in
lower species like mice. A challenge in analysing
emotional and cognitive functions in the mouse is
that only behavioural signs can be studied in contrast to human patients where the diagnosis is
largely based on a dialogue. Rather than trying to
find a ‘depressed’ or ‘schizophrenic’ mouse, these
diseases are probably best studied by observing
behaviours in the mouse that will represent a component of the disease4.
The mass of a mouse is several orders of a magnitude smaller than a human being. This will make
imaging more challenging in some aspects but, for
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technical reasons, it is possible to perform image
analysis in smaller animals with higher resolution
than in man.
Correlation between the phenotype of a mouse
knockout and the effect of a drug acting on the
corresponding target in human
A fundamental question is if it is possible to validate a human drug target by deletion of the homologues mouse gene with knockout technology. In
other words, will the functional consequences of
the mouse knockout predict what pharmaceutical
intervention will yield in man?
To answer this question I performed a retrospective analysis of more than 100 targets for approved
drugs. For almost 60% of the targets the corresponding mouse knockout had a relevant functional deviation (unpublished data). This high degree
of predictability of mouse knockouts for human
pharmaceutical intervention is very promising. In
approximately one third of the cases I could not
identify any published knockout data supporting
the clinical indication and in a few per cent some
supporting data could be found. Possible explanations for these targets where no supporting mouse
knockout data could be found in the public
domain includes developmental consequences of
the gene inactivation, it may be challenging to
measure relevant parameters in certain disease
areas or genuine biological differences between
mouse and Man. Understanding the limitations
and the opportunities of mouse models for human
disease is very important.
In a similar analysis the targets of the 100 bestselling drugs were analysed5. The authors found
that the phenotypes of the specific knockouts correspond well to the efficacy of drugs acting on
respective target.
The conclusion would be that i) the mouse is
very similar to man on a genetic level enabling
homologues genes to be identified, ii) similar functional parameters can be measured in mouse and
man making it possible to compare disease/marker
deviations, and iii) functional consequences of
deleting a gene with knockout technology correspond well to the comparable pharmacological
effect in man.

The use of transgenic mice in
pharmaceutical research
Transgenic animals can be used widely in the
process of discovering new medicines, eg in validation of potential new drug targets and in
understanding of specificity, efficacy and safety
of compounds.

Target validation
The sequencing of the human genome has meant
that the challenge of identifying novel genes, that
are potential drug targets, has been minimised.
The great challenge today is to validate targets, ie
to link some of the 30,000+ genes to specific diseases and prioritise the best targets. Interaction
with a ‘perfect’ target should result in prevention
or regression of disease, not in serious target-related side-effects and the target should belong to a
class of molecules that could be affected by small
orally available molecules. Ideally, this analysis
should be done before the company invests too
large resources to generate an optimised small
chemical entity. Over the years several technologies have been used for this purpose eg antibodies,
antisens, ribozymes, etc. These technologies all
have their challenges for in vivo use including
delivery, ability to penetrate cell membranes and
specificity. The most widely used in vivo technology is the transgenic technology. There are several
advantages with transgenic technology (eg specificity, useful to target most [all?] genes) but the
technique also has several limitations (eg time and
effort required to generate the models, vital developmental functions of certain genes and possibly
developmental compensation in some cases). Some
of these challenges can be overcome by using conditional transgenic technology but this certainly
adds time and effort.
Compound validation
One area for using transgenic mice in drug discovery that has been largely neglected is the possibility
to test compounds and potential future medicines.
Efficacy evaluation
One of the most expensive problems for the pharmaceutical industry is that the single largest reason
for failure of compounds in clinical trials is lack of
efficacy. This is related both to that the target is not
properly linked to disease (not properly validated,
see above) and/or that the compound has not been
tested in relevant efficacy models. In some diseases
it is possible to measure parameters in healthy animals (eg measure blood pressure when testing compounds for treatment of hypertension or stomach
acid secretion when searching for drugs against
stomach ulcers). In other diseases it is crucial to
have disease alterations in the animals that could
be prevented or reversed. This is the case in diseases like Alzheimer’s disease, different forms of
cancer, atherosclerosis, obesity, osteoarthritis and
many more. In some cases transplantations can be
used (eg xenografts in studies of cancer), others can
Drug Discovery World Winter 2004/5
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be studied in animal models where a disease phenotype has been induced surgically, chemically, by
a spontaneous mutation or by transgenic technology. In diseases like Alzheimer’s disease, obesity and
atherosclerosis, transgenic technology is very
important in helping to establish efficacy models69 and these models are widely used in the pharmaceutical industry.
Specificity evaluation
It is a challenging task to understand if a specific
compound is acting only through the target it is
aimed at. A number of tests can be done in vitro in
cell-free and cell-based systems. For example, the
proposed specific compound can be tested on
closely related targets and some information may
come from dose-response curves or time-courses.
The information is, however, limited by the fact
that the chemical compound may act through a
completely different system or that all members of
a target class may not be known.
It is an opportunity to use knockout animals in
this analysis. If an effect can be recorded in animals lacking the proposed targets, the drug is
most likely acting through some other mechanism(s). This understanding may help in achieving a better efficacy/safety ratio by making compounds more specific.
Safety evaluation
As described above, safety of new medicines is a
priority both for the pharmaceutical industry and
regulatory authorities. This is even more important when novel drugs will be used for prevention
of disease or when chronic diseases will be treated. Knockout animals can be used both to understand target (mechanism) related toxicity and offtarget toxicity.
Off-target toxicity can be investigated in a similar way as described for specificity analysis above.
If adverse reactions are observed in animals lacking
the target for the compound, these side-effects are
likely to be mediated by a mechanism not related
to the target (and thereby to the efficacy). With this
result there is a fair chance to get around the sideeffects by making a more specific compound. If, on
the other hand, adverse events seen in wild-type
animals disappear when the target is deleted in the
knockout animals the side-effect is likely to be
mediated through the target. It will then be difficult to get around the adverse events by making
more specific compounds. Instead, dosing may
have to be adjusted or the bioavailability to certain
toxicology related compartments in the body
might need to be restricted.
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It is not uncommon that compounds have
strict species specificity and in some occasions it
may be difficult to monitor target related toxicity in the standard species used for safety assessment. Knockout animals can be used to understand target related toxicity by analysing the phenotype of the gene-targeted animal. There are
some limitations with this approach. The knockout resembles a complete inhibition of the target
and this is not always seen with pharmacological
inhibition. Another caveat may be that by deleting the gene (and thereby the target) very early
during embryonic development there may be
both false positive and false negative results.
False positive results may come from that the target has important developmental functions that
may not be a problem when treating adult
patients. False negative data may be generated
because deletion of the target already during
embryonic
development
may
lead
to
activation/establishment of mechanisms compensating for the loss of the target.
Another possibility to investigate human-specific substances in experimental species is to
‘humanise’ the mouse in respect of the particular target. A human variant of the target is
introduced by transgenic technology either by
gene-addition technology if the mouse gene can
be left intact or by ‘knock-in’ technology if the
mouse gene has to be deleted (as is the case
when an antagonist is to be tested). Several
studies shows the feasibility of ‘humanisation’
with many of the expected down-stream effects
of the human target10,11.
Analysis of pharmacokinetics and drug metabolism
Understanding of how a compound is absorbed,
distributed in the body and excreted is essential
in the generation of a new medicine. Transgenic
technology may offer help to understand the
molecular basis for these phenomena. One
model that has been widely used for understanding drug transport is the knockout of the mdr1a
gene resulting in a mouse lacing the P-glycoprotein (Pgp)12.
Metabolism via the P450 system of enzymes is
an important mechanism for inactivation of drug
substances. Several strains of mice have been generated lacking specific P450 enzymes13-15. The
involvement of specific P450s in toxic responses
can be studied. For example, CYP2E1 -/- mice have
reduced metabolism of benzene16. These mice also
show less toxic response to benzene, well in line
with the concept that most of the toxicity is caused
by metabolic activation.
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Conclusions
It is clear that genetically modified mice fulfil many
of the criteria for making them useful models to
understand disease mechanisms and to find new
pharmaceutical paradigms. Mouse and man are
very similar on the genetic level allowing for identification of homologous genes, pathways and networks. It is also possible to measure similar parameters in mouse and man allowing for proper comparison of disease mechanisms/markers in the two
species. Moreover, genetic alterations in the mouse
often result in functional changes predicting the
relevant pharmacological effect in man.
Transgenic animals can be used broadly in the
discovery of new medicines. Historically, the main
utility has been during the target validation phase,
ie increasing the possibility that a specific target is
a safe and efficient drug target. However, at least
as important is the use of knockout animals in
analysing the safety, specificity, metabolism and
efficacy of future drug candidates.
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