
2 Target Discovery and Validation 

R. Solari 

2.1 Introduction................................. 19 
2.2 The Drug Discovery Process ...................... 21 
2.3 Target Discovery . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 22 
2.4 Target Validation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 24 
2.5 Target Discovery Technologies . . . . . . . . . . . . . . . . . . . . . 26 
2.5.1 Genomics . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 26 
2.5.2 Bioinformatics ............................... 27 
2.5.3 Genetics ................................... 29 
2.5.4 mRNA Expression Profiling . . . . . . . . . . . . . . . . . . . . . . . 33 
2.5.5 Protein Expression Profiling. . . . . . . . . . . . . . . . . . . . . . . 36 
2.5.6 Pathway Mapping ............................. 37 
2.5.7 Metabolomics . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 40 
2.5.8 Functional Analysis ............................ 40 
2.6 Target Validation Technologies . . . . . . . . . . . . . . . . . . . . . 41 
2.7 Conclusions................................. 44 
References . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 44 

2.1 Introduction 

The pharmaceutical industry as we know it is still relatively young 
and only started to emerge about 100 years ago, as advances in 
chemistry and biology made the discovery and synthesis of drugs 
possible. In the post-war years up to the late 1980s, the pharmaceuti
cal industry grew at a spectacular rate and launched 44 new drugs in 
one year at its peak in 1994. The success was based on a deep un
derstanding of physiology and pharmacology coupled to brilliant 
medicinal chemistry. 

M. Schwaiger et al. (eds.), From Morphological Imaging to Molecular Targeting
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In the 1980s, the ability to rapidly clone and manipulate genes 
heralded the start of the molecular biology era that culminated in 
2001 with the publication of the first draft of the human genome se
quence. This had an impact on the pharmaceutical industry that un
derwent a dramatic revolution with the advent of the molecular phar
macology era. The speed of the change is highlighted by the fact 
that the first ,B-adrenergic drug was launched in 1965 and the cDNA 
for the ,BTadrenergic receptor was only cloned as recently as 1986 
(Dixon et al. 1986). These advances in molecular biology coincided 
with breakthroughs in compound screening technology and chemical 
synthesis. Engineering and robotics solutions allowed hundreds of 
thousands of chemicals to be tested in biological assays every day, 
so-called high-throughput screening (HTS). Chemistry also changed 
to meet the growing demands for more compounds and more diver
sity to fuel these screening engines and strategies for combinatorial 
chemical synthesis evolved in this period. Thus, due to the introduc
tion of high-throughput technologies in the 1980s, the drug discov
ery process was changed from a methodical, empirical science to a 
highly automated industry. 

These dramatic changes to the drug discovery process were, and 
still are, widely expected to improve productivity in the industry. 
However, this has not yet materialised and there are some uncertain
ties about the future direction of the industry. In 2001, only 25 new 
drugs were launched, the lowest number for almost three decades. 
The industry is spending ever-increasing amounts of money on re
search and development, close to US $50 billion per year, and ac
cording to the Tufts University Centre for the Study of Drug Devel
opment (http://csdd.tufts.edu/), the cost of developing a new drug 
has also risen from $231 million in 1987 to $802 million by 2000. 
Investors expect major pharmaceutical companies to achieve 10% 
annual growth, and in order to achieve this, each of the major 
companies must launch, on average, four new chemical entities 
(NCEs) per year with average sales of $350 million. However, from 
1996 to 2001 the industry launched on average less than one NCE 
per year per company and of all the drugs launched in 1996 only 
25% had sales in excess of $350 million. Added to these pressures 
are the looming patent expirations for many of the world's top sell
ing drugs. 
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Another significant trend in the late twentieth century is the emer
gence of a biotechnology industry. Traditionally the pharmaceutical 
industry made chemical drugs but molecular biology opened the way 
for a new generation of biological drugs such as erythropoietin, 
granulocyte colony-stimulating factor (G-CSF) and interferon-,B, a 
number of which have now achieved blockbuster status in terms of 
sales. The FDA (Food and Drugs Administration) approved the first 
recombinant protein in 1982 and by 200 I biotechnology products 
contributed 35% of new product launches. Many new vaccines and 
monoclonal antibodies are currently in late stages of clinical trials 
and represent a significant growth area for new biological medi
Cllles. 

2.2 The Drug Discovery Process 

Going from a research idea to a marketed drug takes from 10 to 
IS years and involves a vast range of technologies and specialities 
along the way. Between 1990 and 1999, the pre-clinical phases took 
3.8 years, the clinical trials 8.6 years and the US approval phase 
1.8 years (DiMasi 2001). Time and failures are two key factors in 
the process that successful companies work hard to reduce, and care
ful historical analysis of each step has allowed the calculation of 
failure rates in moving from one step to the next, often called the at
trition rate. Attrition is so high that only about one in ten com
pounds entering clinical trials will ever reach the marketplace, and 
of these, only one in eight will recoup its investment costs. This 
high failure rate continues back through every step in the discovery 
process, and one finds approximately a 50% failure rate at each 
stage. More detailed analysis has also shown that well-precedented 
targets have lower failure rates than unprecedented targets. In this 
context "precedented" means the target is well validated in the sci
entific literature or, more importantly, drugs against this or similar 
targets had been through phase II clinical trials or were already on 
the market. A concern in the high-throughput post-genomic era is 
that drug discovery pipelines will be filled with more unprecedented 
or poorly validated targets, thereby increasing attrition rates and ulti
mately costs. This fact has driven pharmaceutical companies to con-
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centrate most of their efforts on target families that they believe will 
have a higher chance of success. This leads us to the start of the 
process - choosing a target. 

2.3 Target Discovery 

Most biological and medical research is still carried out in publicly 
funded institutions, and curiosity driven research is still the main 
source of innovation. Fortunately, much of this work is freely pub
lished by the academic community and so provides many of the raw 
materials for target selection. Reading the literature is clearly not en
ough in a highly competitive environment, so how do pharmaceuti
cal companies decide on which targets to start drug discovery pro
grammes? Historically researchers studied physiology and pathology 
and generated testable hypotheses on how to treat or modify certain 
aspects of the disease. For example, understanding that adrenaline 
has a central control over heart rate led to the development of adre
nergic receptor antagonists (beta blockers) for the control of heart 
disease. This experimental strategy and the joint efforts of biologists 
and chemists generated most drugs on the market today. In the 
"post-genome" era, the way that biology research is conducted has 
changed. The first and most obvious change is that we now have a 
list of all of the possible drug targets in the human body. The new 
challenge is to pick the right ones from this list, a process that can 
be thought of as "reverse biology". 

One of the most useful techniques for target discovery is bioinfor
matics. This term describes a broad range of computational tech
niques that seek to add biological significance to raw DNA sequence 
data. By recognising characteristic motifs or domains in protein se
quence, it is sometimes possible to assign a putative function that 
can be subsequently validated by experimentation. 

However, genomics and bioinformatics alone are still not enough 
to choose a drug target. There are many hundreds of interesting can
didates in the genome and it would not be feasible to start drug dis
covery programmes on each and everyone. Consequently a process 
of target selection has to be performed and this can be done in a 
number of ways. One of the simplest ways is to examine levels of 
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expression of a particular protein or its mRNA in healthy versus dis
eased tissues, techniques known as proteomics and differential gene 
expression (DGE), respectively. This gives a first clue that a particu
lar protein may be implicated in the disease process, although it 
does not distinguish cause and effect. An alternative approach is to 
use genetics. Many diseases have a heritable component, and study
ing the inheritance of these traits can identify genes that cause or 
predispose the individual to that disease. There are many genetic 
strategies that can be adopted that range from positional cloning of 
candidate genes as they are inherited through family pedigrees to as
sociation genetics which is the study of the linkage of certain genet
ic loci with disease incidence across large populations. Whereas the 
link between the gene and the disease can be relatively clear in cer
tain monogenetic diseases such as cystic fibrosis, in more complex 
multifactorial diseases, how a particular allele contributes to the 
pathology may be difficult to understand or translate into an obvious 
drug target. Sometimes a great deal of biological research has to be 
done following the identification of a candidate gene in order to 
map a particular pathway and to place the candidate into an appro
priate context. Invertebrate model organisms such as yeast, nema
todes and fruit flies are particularly tractable by genetic means and 
are useful tools for mapping pathways. Pathway mapping can also 
be performed by identification of protein - protein interaction net
works using techniques such as yeast-two-hybrid screening (Uetz et 
al. 2000; Ito et al. 2001) or by purification of protein complexes and 
identification of all of the components by proteomics techniques 
(Gavin et al. 2002; Ho et al. 2002). Mouse genetics (Zhang et al. 
1994) and more recently zebrafish have also been valuable models 
for identification of disease candidate genes. Knocking genes out, 
either specifically or by random mutagenesis, followed by careful 
phenotypic analysis can often lead to the identification of novel drug 
target candidates. 

These various techniques generate a candidate drug target that is 
hopefully free from predating patent filings and that needs to be va
lidated before progressing along the drug discovery process. 
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2.4 Target Validation 

Drugs can fail for a variety of reasons, one of which is that the ini
tial target chosen for the drug discovery is inappropriate. Many peo
ple in the industry will argue that the only truly validated targets are 
those for which there is a drug already in man. For the purposes of 
progressing a candidate target into drug screening, validation has an
other perhaps less stringent meaning - generating as much confi
dence as possible that a drug against the target will modify the dis
ease or treat the symptoms. Initially a candidate may have relatively 
little scientific weight. For example it may be a novel G protein
coupled receptor (GPCR) that is expressed in a particular region of 
the brain or a novel cell surface protein over-expressed on the sur
face of a particular cancer cell, and this data may have come from 
mRNA expression profiling. First, one would want to confirm the 
observation across multiple independent samples, and then one 
would want to confirm that the protein levels are also differentially 
expressed. At this point one has a correlation between protein ex
pression and some observed physiology or pathophysiology. The 
challenge is then to show that the expression of this particular target 
is either causative of the disease or some of the symptoms of the 
disease. Placing a candidate in the context of a disease requires the 
use of model systems. These can be cell or tissue based or whole 
animals, but in whichever case they must attempt to be predictive of 
the situation in man. 

There are many available cell lines where some relevant phenoty
pic readout can be conveniently assayed. Candidate protein targets 
can be over-expressed in these cells lines by transfection of the cor
responding cDNA and the effect on the phenotype measured. Simi
larly, a candidate target protein can be "knocked out" by expression 
of a dominant negative mutant version of the protein or by inhibit
ing protein expression with antisense oligonucleotides or small inter
fering (si)RNA. These cell-based techniques can give increased con
fidence that stimulating or inhibiting a particular target or target 
pathway may have therapeutic utility and represent a major tool for 
target validation. These techniques are also scaleable and a number 
of such "high-throughput biology" strategies are being developed 
with the aim of validating targets in a genome-wide fashion, one ob-
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vious example being genome-wide use of siRNA (Gonczy et al. 
2000). 

Animal models, such as knock-out or transgenic mice, are ex
tremely valuable in target validation. The hope is that by modifica
tion of the target expression or by expression of a mutant allele, 
some aspects of the human pathology will be recapitulated in the 
mouse. 

The aim of the target validation step is to generate enough confi
dence in the target that the expensive and time-consuming process 
of drug discovery should begin. The better the validation of the bio
logical hypothesis the less the chance of failure further downstream. 
Thus the output from the target validation step should address the 
following questions: 

1. Is there sufficient evidence that the target is implicated in disease 
pathology? 

2. Is there evidence that activation or inhibition of the target's activ-
ity would modify the disease or provide symptomatic relief? 

3. Is the target chemically tractable? 
4. Is the target tractable with a biological agent? 
5. Is it possible to configure an appropriate screen to identify agents 

that activate or inhibit the target? 

If all of these scientific criteria are met, there usually follows a 
more clinical and commercial analysis at this stage. If one had a 
drug that acted on this target, how would one configure a clinical 
trial, how would it be used clinically, what are the current gold stan
dard therapies and how would this compare? It may seem preco
cious to consider such distant issues so early in the drug discovery 
process; however, experience tells us that if these issues are not 
clear at the outset, the project may fail later in the process when 
much more time and money has been spent. This process is usually 
known as defining the product profile. 
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2.5 Target Discovery Technologies 

2.5.1 Genomics 

On 14 April 2003, at the 50th anniversary of the discovery of the 
structure of DNA, the Human Genome Sequencing Consortium an
nounced that it had completed its work (http://www.sanger.ac.ukJ). 
In June 2000 both the public consortium and Celera Genomics an
nounced draft sequences and both published their reports simulta
neously in February 2001 (International Human Genome Sequencing 
Consortium 2001; Venter et al. 2001). The new reference sequence 
is more complete and accurate than the draft sequences with an er
ror rate of about one in 100,000 bases and all but a few remaining 
repetitive stretches and the centromeres are now finished. Neverthe
less, this astonishing achievement represents the start rather than the 
finish. We still have not determined the total number of genes in the 
human genome. Initial estimates put the number at 35,000 to 45,000 
and current thinking is that it may be closer to 30,000, and as many 
as half of these genes still have largely unknown functions. There is 
no doubt that the genome sequence has changed the way biomedical 
research is performed, and there is also no doubt about its massive po
tential value; however, there is still controversy as to whether it has 
made the process of drug discovery more efficient, and there is a grow
ing desire to tum this genome sequence into real tangible benefits. 

The human is not the only species to have its genome sequenced. 
Many model organisms including the mouse, zebrafish, fruit fly, 
nematode and yeast have all been sequenced. These organisms are 
genetically tractable in the laboratory and have been the favourite 
model systems for geneticists trying to unravel gene function. Hav
ing access to their genomic sequence has accelerated and facilitated 
the use of these genetic models. The genomes of many pathogens 
such as viruses, bacteria and protozoa have also been sequenced. 
This is perhaps where there is the greatest hope of translating geno
mic information directly into therapeutic benefit. Within weeks of 
the outbreak of the severe acute respiratory syndrome (SARS) epi
demic in Southeast Asia, scientists reported the genome sequencing 
of the suspected coronavirus pathogen. This is a reflection that we 
have truly entered the era of genomic medicine. 
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2.5.2 Bioinformatics 

Translating this mass of DNA sequence data into useful information 
is a daunting challenge. This DNA sequence data is of two forms, 
genomic and cDNA sequences. Since cDNA is made from mRNA, 
the sequence information defines a transcribed gene. Genomic DNA, 
by contrast, is made up of introns and exons and vast stretches of 
untranscribed DNA, and hunting for genes in this mass of sequence 
is not trivial. There is a wide range of computational techniques 
available for searching through genomic sequences to search for 
genes. A major public effort is a joint project between the European 
Molecular Biology Laboratory (EMBL-EBI) and the Sanger Centre 
called Ensembl (www.ensembl.org). Ensembl automatically tracks 
all genomic sequence data from the human genome and attempts to 
assemble the DNA sequences into single contiguous stretches and to 
then analyse the sequences for features of biological interest, usually 
known as "annotation". The annotation of the genome firstly com
prises the genes themselves. These can be either predicted by En
sembi software or be previously known from published cDNA se
quencing efforts. The annotation also identifies common single nu
cleotide polymorphisms (SNPs) that are single base pair changes in 
the genome that are found between different individuals and occur 
with a frequency of once every 100-300 base pairs. These SNPs 
provide a high-resolution map of the genome that is very useful for 
tracking the inheritance of various stretches of DNA from one gen
eration to another. 

Bioinformatics is not only concerned with predicting genes but 
also with trying to predict the function of gene products, that is pro
teins. Thanks to the many years of accumulated knowledge of mo
lecular cell biologists and biochemists, we can define domains of 
proteins that are responsible for particular functions. For example, 
we now know the archetypal amino acid sequence that defines a pro
tein kinase domain. Many such functional domains have been de
fined such as the signal peptide for secreted proteins and the cataly
tic domains of enzymes. These signature amino acid sequences can 
be used to search the genome databases to identify other genes re
lated to the functional domain of interest. For example, one can 
search the genome to identify all genes with a sequence related to 
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the protein kinase domain. In this way, one can identify approxi
mately 500 kinases in the human genome, some of which were pre
viously known and some of which are novel. The members of any 
gene family will show various degrees of relatedness to the archety
pal signature sequence and a great deal of mathematical analysis is 
performed to assess if a particular gene is really a member of a fam
ily of not. 

Bioinformatics also deals with predicting protein structure. The 
amino acid sequence is known as the primary structure, and the lo
cal folding of the protein chain into helices or sheets is known as 
the secondary structure. There are now many computational tech
niques for secondary structure predictions based on homology to 
known structures of related gene family members or based on de 
novo prediction methods. Protein fold predictions are another way to 
try and define protein function and so to "annotate" the genome. 

How does genomics and bioinformatics impact the drug discovery 
process? Perhaps the most dramatic example is the discovery of cy
clo-oxygenase (COX)-2, which led to the subsequent development of 
COX-2-selective drugs that now represent a multi-billion dollar mar
ket. In 1991, workers studying early response genes in fibroblasts 
transformed with Rous sarcoma virus identified an mRNA transcript 
coding for a protein with sequency similarity to seminal vesicle 
COX (Xie et al. 1991). An independent study also identified a novel 
transcript whose sequence was related but not identical to COX 
when studying phorbol ester-induced genes in 3T3 cells (Kujubu et 
al. 1991). These novel COX-related transcripts turned out to be 
COX-2. Recently, it has been shown that isoforms of COX-l exist, 
called COX-3, and these findings are set to have a profound influ
ence on our understanding of COX pharmacology (Chandrasekharan 
et al. 2002). 

Searching the genome for novel family members of well-prece
dented targets, such as COX, clearly can be very profitable. Several 
groups have taken a systematic view of this problem and tried to 
analyse the protein targets of all successful chemical medicines to 
date. An initial survey suggested that these drugs had targeted ap
proximately 500 proteins (Drews 1996; Drews and Ryser 1997). 
This led to the now widely held belief that only a particular set of 
proteins are able to be acted on by drugs, and these proteins are of-
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ten termed "druggable" or "tractable". This may reflect that most 
small molecule drugs act by competing with an endogenous small 
molecule ligand for a privileged binding pocket. The fact that the 
"druggable" genome is relatively limited is that there are only a lim
ited number of such small molecule binding pockets. Extrapolating 
this across the whole genome suggested that there might be as many 
as 5,000 to 10,000 of these "druggable" or "tractable" targets. More 
recent estimates suggest that if one considers only Lipinski-compli
ant agents, only 120 proteins are the targets of all of today's mar
keted drugs, and the total druggable genome is represented by 3,051 
targets (Hopkins and Groom 2002). However, of these 3,051, many 
would not have any influence on disease and perhaps only 600-
1,500 may actually represent valid drug targets. The development of 
bioinformatics tools allowed researchers to place these known tar
gets into families and it is now accepted that certain protein families 
are the most favourable targets for small molecule drug discovery. 
These include some classes of GPCRs, ion channels, nuclear recep
tors and enzymes. It is fair to say that most major pharmaceutical 
companies now focus most, if not all, of their small molecule drug 
discovery efforts on these favoured druggable targets. However, 
bioinformatics can also be used to mine the genome for proteins 
with a leader sequence. Such proteins may be secreted growth fac
tors or hormones and thus may have therapeutic utility themselves 
or may be cell surface antigens and so represent potential targets for 
antibody therapeutics. Many biotechnology companies are exploiting 
targets such as these for the development of biological drugs. Thus, 
genomics coupled with bioinformatics without any deeper biological 
experimentation can generate a list of target "candidates". However, 
"reverse biology" strategies based on genomics and bioinformatics 
can only take research a short distance towards the goal of target 
discovery. 

2.5.3 Genetics 

The study of heritable traits has long provided a rich source of bio
logical knowledge, particularly in model organisms that are amen
able to genetic manipulation in the laboratory. The favoured models 
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have been the yeast (Saccharomyces cerevisiae, http://genome
www.stanford.edu/Saccharomycesl), the nematode worm (Caeno
rhabditis elegans, http://www.wormbase.org/), the fruit fly (Droso
phila melanogaster, http://fIybase.bio.indiana.edul), the mouse 
(http://www.informatics.jax.org/), and more recently the zebrafish 
(Danio rerio, http://zfin.org/zLinfo/dbase/db.html). Either by selec
tive breeding or by deliberate mutagenesis varieties of these species 
could be generated that displayed a particular physical characteristic 
or phenotype. Using a variety of molecular biology techniques it is 
possible to identify the genetic alteration that gave rise to the partic
ular characteristic - thus linking the gene to the phenotype. How
ever, the phenotype of an organism is a result of many gene prod
ucts interacting and model organism genetics is a powerful tech
nique for discovering such genetic interactions. As most biochemical 
events require proteins to act in a defined sequence along a pathway 
to produce an end product, mutations in any of the genes encoding 
those proteins can give rise to the same phenotype. One can exam
ine the interaction of genes by crossing these mutant organisms and 
determine whether the genes act on the same pathway by seeing if 
by their combination they enhance or suppress the observed pheno
type. A gene or locus that suppresses or masks the action of a gene 
at another locus is said to be epistatic. The elucidation of biochem
ical pathways by epistatic analysis in models such as C. elegans and 
D. melanogaster has had significant impact on human biology be
cause many pathways are highly conserved throughout evolution. 
The regulation of the cell cycle, ras signal transduction, and the nu
clear factor (NF)-KB pathways are just a few of the many complex 
cellular processes that have been elucidated in simple model organ
Isms. 

Genomics has also had a major impact on genetics. Genetics tra
ditionally relied on random mutagenesis followed by tracking down 
the mutant gene of interest. Since the complete genomic sequence of 
these model organisms is now known, it is possible to systematically 
knock out every gene in the genome one at a time and directly in
vestigate the association of each gene to a phenotype. There are a 
number of large-scale public and private efforts to systematically 
knock out every gene and to assign a phenotypic consequence (see 
http://www.biocat.de/open_biosystems_YeastKO.htm). New technolo-
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gies are also making an impact and genome-wide knock-out strate
gies using siRNA now appear to be possible (Gonczy et al. 2000). 

Although the yeast, nematode and fruit fly have made massive 
contributions to our understanding of biological systems, the most 
studied vertebrate is the mouse. Although the mouse is less experi
mentally convenient than these invertebrate models, it clearly is pre
ferable for studies on more complex systems such as brain function, 
immunology, cardiovascular and respiratory biology. Mouse knock
out or transgenic technology is far from perfect, and many mutants 
either have no observable phenotype or are lethal. However, a retro
spective analysis of published gene knock-out studies in the mouse 
of the 100 top drug targets revealed that in most cases the pheno
type correlated quite well with the drug efficacy (Zambrowicz and 
Sands 2003). Mouse knock-out strategies can either be highly direc
ted or random. In the case of directed knock-outs, the specific gene 
of interest is knocked out by inserting a selectable marker gene in 
the place of the targeted gene. In the biopharmaceutical industry 
there is a major effort to systematically knock out and analyse the 
phenotype of all the "druggable" genes in the genome. In the ran
dom approach, mice are subjected to mutagenic chemicals such as 
N-ethyl-N-nitrosourea (ENU) and large breeding colonies are estab
lished. By careful monitoring of the mice, mutant phenotypes can be 
detected and by conventional genetics and molecular biology the ge
netic mutation that gave rise to the altered phenotype can be tracked 
down. Mouse genetics has a long history and there are several orga
nisations that have been breeding mouse varieties for decades. Many 
of the varieties that have been bred have provided major insights 
into human pathology such as the obese mouse that led to the dis
covery of leptin (Zhang et al. 1994). 

Ultimately, one is trying to make medicines for human diseases, 
so the most appropriate model is man. Genetic manipulation of man 
is neither ethically acceptable nor practically possible; however, we 
are increasingly studying the genetic basis of human disease. There 
are a number of diseases where mutations in a single gene result in 
the inheritance of a particular disease condition. There are some 
well-known examples of these relatively rare diseases such as cystic 
fibrosis. By following the inheritance of the disease condition 
through family pedigrees it is possible to identify genetic markers 
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that co-segregate with the disease gene, showing that they are physi
cally linked, that is, they are on the same chromosome. The statisti
cal frequency that the genetic marker co-segregates with the disease 
gene is related to how close the disease gene is to the genetic mar
ker. By continually refining the analysis it is possible to define a 
smaller and smaller region of the genome in which the disease gene 
is found until it is finally identified. This approach is called posi
tional cloning and was used to identify the genes mutated in cystic 
fibrosis and a familial form of breast cancer (BRCAI). This strategy 
works well for diseases caused by mutations in a single gene; how
ever, most of the common human diseases such as asthma, rheuma
toid arthritis, cardiovascular disease and cancer are multifactorial 
and result from a combination of many genes and environmental fac
tors. No single gene or influence is usually sufficiently penetrant for 
it to be accurately followed through family pedigrees, and an alter
native genetic approach is usually needed, called association genet
ics. In these studies, large numbers of affected and unaffected indivi
duals are collected from a population, and the association of genetic 
markers with the incidence of the disease are identified. These ge
netic markers, these days usually SNPs, help to identify regions of 
the genome that are statistically significantly co-inherited with an in
creased susceptibility to the disease. By examination of the whole 
genome sequence it may be possible to identify interesting candidate 
genes that lie within this region, and from there it may be possible 
to construct a testable hypothesis to examine the role of that gene in 
the development of the disease. When compared to linkage analysis, 
association analysis offers superior statistical power for detection of 
genes that manifest a modest phenotypic effect. 

Whether a disease candidate gene has been identified by posi
tional cloning, as in a simple genetic diseases such as cystic fibrosis, 
or whether the candidate has been found as a disease susceptibility 
gene by association genetics, there may not be a clear therapeutic 
strategy for the treatment of the disease. The candidate gene may 
clearly identify the molecular cause of the disease, but the gene 
product may not be amenable to a therapeutic approach simply be
cause it does not belong to a druggable class of target. The candi
date gene may encode a protein of unknown function, as was the 
case with BRCA 1, and a great deal of biology has to be done to 
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generate a testable hypothesis. In polygenic diseases, the candidate 
genes also may not be druggable and moreover their contribution to 
the final disease pathology may be far from clear. Perhaps the best 
example of the role of genetics for target discovery in a complex 
disease is in Alzheimer's disease. In about 5% of cases the disease 
follows a highly penetrant familial inheritance, whereas in the ma
jority of cases the disease appears to have a sporadic incidence. Ge
netic association studies revealed that development of early onset 
Alzheimer's disease was strongly associated with the inheritance of 
the ApoE4 allele. However, the biological rationale for how ApoE4 
predisposes to the development of the disease remains unclear and it 
has so far proved to be an unpromising avenue for drug discovery. 
The rare familial form of the disease is associated with mutations in 
two proteins, the amyloid precursor protein (APP) and presenilin 
(PS). The biology of these two proteins started to provide an attrac
tive mechanistic hypothesis to explain the formation of amyloid pla
ques in the brain. PS turned out to be one of the two proteases re
quired to cleave APP to generate the amyloidogenic AfJ42 peptide. 
The other protease, fJ-secretase or BASE was subsequently discov
ered by a variety of biochemical and molecular biology techniques, 
and because these proteases are druggable targets many companies 
are now actively engaged in the development of inhibitors for the 
treatment of Alzheimer's disease (De Strooper and Konig 1999). 
Time will tell if the APP/PS pathway is more or less important than 
ApoE4 in the development of Alzheimer's drugs; however, in terms 
of drug discovery there is a pragmatic view that you work with sys
tems that you can most readily test. 

2.5.4 mRNA Expression Profiling 

Genomics coupled with bioinformatics is capable of generating a list 
of the potential drug targets. As discussed previously, most pharma
ceutical companies are currently focused on GPCRs, ion channels, 
nuclear receptors, kinases and a variety of enzymes families. How
ever, these "potential" targets have to be placed in the context of 
biology and pathology. The simplest way of getting some initial in
formation about what a protein is doing is to identify in which tis-
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sue it is expressed. There are a number of public and private banks 
or repositories of human tissue and there has been a considerable ef
fort to determine the tissue distribution of the major druggable gene 
families. This can be done by a variety of techniques including PCR 
(polymerase chain reaction) or hybridisation methods to detect 
mRNA in biopsies or on tissue sections or protein detection using 
immunohistochemistry (IHC). Expression of an mRNA in a particu
lar tissue does not mean that the encoded protein represents a drug 
target, a great deal of biological and pharmacological validation still 
needs to be done; however, it is a starting point. 

The next level of mRNA expression profiling is to compare 
healthy with diseased tissue to try and define the observed pathology 
at a molecular level. If a gene is differentially expressed in a dis
eased compared to a healthy tissue, then it may represent a drug tar
get. However, the contrary is not true. If a gene is not differentially 
expressed in a disease, this does not mean that the gene product is 
not a drug target. Most successful drugs act on targets that are not 
directly involved with the disease pathology but rather treat symp
toms. 

The technology for rapid and comprehensive mRNA expression 
profiling using microarrays has become particularly well advanced 
in recent years. Microarray analysis has become a widespread tool 
for target discovery and validation as well as a platform for diagnos
tics. The technology is based upon extraction of mRNA from cells 
or tissues, labelling it and hybridisation to high density arrays of oli
gonucleotides or cDNA on solid surfaces such as glass slides or fil
ters. The array elements bind to their corresponding mRNA and give 
a quantitative measure of abundance for each mRNA species in the 
mixture. The advantages of these techniques over conventional mo
lecular biology techniques such as Northern blotting include the fact 
that tens of thousands of mRNAs can be measured simultaneously, 
rapidly and at relatively low cost. The huge amount of data gener
ated require sophisticated data analysis and modelling software. 
There are two fundamental platforms in common use. The first uses 
oligonucleotide arrays (Affymetrix) and the second uses arrays of 
PCR-amplified cDNA (100-3,000 base pairs). For oligonucleotide 
arrays, mRNA is purified from the two samples to be compared and 
labelled with a fluorescent dye prior to hybridisation to two array 
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chips. The quantitative signals from the two chips can be electroni
cally compared to identify changes in gene expression between the 
two samples. For cDNA arrays, the two mRNA samples are labelled 
separately with two different coloured fluorescent dyes, usually cya
nine 3 and cyanine 5 (Cy3 and Cy5), then mixed and hybridised to 
a single microarray slide. The slide is analysed for fluorescent inten
sity in the two colour channels and an overlay of the data is used to 
identify changes in mRNA abundance between the two samples. 

The main alternative to microarrays for gene expression profiling is 
a technique called SAGE (serial analysis of gene expression) http:// 
www.sagenet.org/.This method purifies mixtures of mRNA from bio
logical samples then cuts it into pieces using specific enzymes that 
generate short tags of 10-14 base pairs. The collection of tags are 
joined together into one long piece of DNA that is then sequenced 
and the frequency of each tag is determined. The frequency of each 
tag is related to the abundance of the parent mRNA in the original 
sample and the tags are sufficiently long so that the identity of the par
ent mRNA can be determined by database analysis. Thus SAGE is an 
"open" platform that will detect all changes in mRNA expression, 
whereas microarrays will only detect changes in those mRNA species 
for which a specific probe has been deposited on the array. 

There is no denying the success of mRNA expression profiling as 
a technology platform, judging by the enthusiasm with which it has 
been adopted by the scientific community; however, it is reasonable 
and perhaps timely to question whether this technology has made a 
significant impact on biomedical research. This technique generates 
unprecedented quantities of data, many millions of data points, and 
biologists on the whole are poorly equipped to analyse and make 
sense of such data. In addition, when generating large data sets such 
as these, the original study design is of crucial importance and 
should be based on sound biological and mathematical footings. All 
too often this is not the case. Finally, there are a number of different 
technology platforms in use today that are difficult to compare one 
to the other. Reproducibility and comparability of the data between 
laboratories makes interpretation very difficult indeed. Collecting 
data has never been easier for biologists; however, less thought has 
gone into turning this data into valuable knowledge. Nevertheless, 
microarray studies have made some significant contributions, partic-
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ularly in the field of oncology, where a number of studies have 
shown that it is possible to subdivide tumours by mRNA profiling 
that distinguishes them based on progression and responsiveness to 
therapeutic regimes (Bhattacharjee et al. 2001). 

2.5.5 Protein Expression Profiling 

Measuring changes in cellular mRNA expression can provide valu
able information about how a cell responds to a particular stimulus 
or set of stimuli. However, changes in mRNA do not accurately in
form about how protein levels change in the cell, which is ulti
mately what controls the cellular response. Consequently, measuring 
protein changes is one step closer than mRNA profiling for relating 
the genome to a biological response, and there is much effort going 
into protein expression profiling or "proteomics". The most common 
technology platform is to extract proteins from cells, tissues or bio
logical fluids and to analyse these complex mixtures by two-dimen
sional polyacrylamide gel electrophoresis (2D-PAGE). The pattern of 
expressed proteins on the 2D-PAGE can be analysed by image anal
ysis software to identify changes between one sample and another. 
Protein spots of interest can be cut out of the 2D-PAGE, enzymati
cally digested and the protein identified by a variety of mass spec
trometry (MS) techniques. The promise of proteomics is very excit
ing; however, there are both technical and intellectual issues that 
may ultimately limit its impact. The first limitation is the 2D-PAGE 
technology itself. Running gels is difficult to scale, tedious and suf
fers from poor reproducibility. Certain classes of proteins, such as 
hydrophobic membrane spanning proteins or basic nuclear proteins, 
are underrepresented in the gels and consequently are largely missed 
in the analysis. The technique is biased towards abundant proteins 
and special methods are required to detect rare proteins. Finally, the 
complexity of protein post-translational modifications is daunting. 
So far, there are more than 100 modifications that have been de
scribed, such as phosphorylation, glycosylation, sulphation and so 
on. These modifications may produce millions of chemically distinct 
protein entities within the cell and every cell type may be different. 
Thus the proteome is a variable, context-specific collection of pro-
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teins unlike the genome, which is a relatively fixed entity. This bio
logical complexity and the technical difficulties make protein expres
sion profiling a daunting, but not impossible challenge. 

One solution is a process known as SELDI (surface enhanced la
ser desorption ionisation mass spectrometry) which has done away 
with the gel technology altogether. Biological samples are applied to 
chromatography chip surfaces that capture some of the proteins from 
the mixture. These chips can simply be chemically modified to 
make them hydrophobic or charged, or they can be coated with a 
biological agent such as an antibody, an enzyme or a receptor. The 
captured proteins are then "read" by excitation with a laser and anal
ysis of protein mass by MS to produce a mass signature. These sig
natures can rapidly be compared between multiple samples to deter
mine changes in protein expression. 

As an alternative to MS-based technologies for proteomics, there 
have been attempts to develop protein microarrays. The basic idea is 
to array large numbers of proteins onto a chip and to incubate the 
chip with a biological sample. If there are components in the biolog
ical sample that bind to proteins on the array, they can be quantified 
using an appropriate detection assay. One possible form of such a 
protein chip might be an array of antibodies, and ultimately one 
may imagine that such protein chips could be constructed with ge
nome-wide coverage. Such an antibody chip would provide a protein 
expression profiling platform. One example of a genome-wide pro
tein chip already exists for yeast (Zhu et al. 2001). In this study, 
5800 individual yeast proteins (93.5% of the whole genome) were 
expressed, purified and printed in an array on glass slides. The array 
was then probed with biotinylated calmodulin to identify calmodu
lin-binding proteins and with phosphoinositide (PI) containing lipo
somes to identify PI binding proteins. This study demonstrated that 
genome-wide protein chips are a real possibility. 

2.5.6 Pathway Mapping 

Measuring changes in individual proteins or mRNAs provides a low 
resolution view of the cellular or tissue response to stimuli. How
ever, biological functions require proteins to act in multi component 
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machines and to work in pathways to produce an end product. In or
der to more fully appreciate whether or not a protein is a drug target 
one needs to place it in the context of its biological function. As de
scribed above, model organism genetics is particularly powerful at 
mapping biochemical pathways; however, proteomics and genomics 
techniques are starting to make major contributions in this field, giv
en the fact that they can be made scaleable and high throughput. 
These strategies are based upon the identification of large-scale pro
tein-protein interaction maps to define all the protein complexes in 
the cell. The rationale is that the function of an unknown protein 
can to some extent be defined by identification of the other proteins 
that it binds to. It is estimated that all proteins interact with between 
2-10 other proteins, and if all protein-protein interactions can be de
fined, then it would provide a basic framework or road map for how 
cells are organised. 

One strategy is to use the yeast-2-hybrid (Y2H) technique and 
two large-scale studies have been published that have sought to de
fine comprehensive protein interaction maps for the budding yeast 
(Uetz et al. 2000; Ito et al. 2001). The Y2H assay is based on the 
observation that Ga14 transcription factor in yeast can be divided 
into two functional domains, a DNA-binding domain (BD) and an 
activation domain (AD). If expressed as individual domains, they are 
unable to drive transcription from a Ga14 promoter; however, if the 
two separated domains can be forced to bind together then transcrip
tion is activated. By fusing a "bait" protein (protein X) to the BD 
and a "prey" protein (protein Y) to the AD, one can test if X will 
bind to Y. If X and Y bind to one another they will bring the BD 
and the AD together and the combination of the two fusion proteins 
will activate transcription of a reporter gene from a Ga14 promoter. 
The reporter gene can be one that allows selection of the yeast cells 
in which X and Y bind, so allowing the assay to be run as a high
throughput screen. In this way a bait of protein X can be screened 
against a library of potential prey proteins fused to the AD to identi
fy potential interacting partners. In the published large-scale studies, 
most of the open reading frames (orf) in the yeast genome were in
dividually fused to the Ga14 DNA binding domain, and each of 
these baits was screened against a library of yeast orfs fused to the 
Ga14 activation domain. This strategy should identify all of the pair-
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wise protein-protein interactions in the yeast cell. Interestingly the 
two studies identified similar numbers of interactions; however, there 
was a surprisingly low level of overlap between the proteins identi
fied and between the protein interactions that had already been de
scribed in the literature. Clearly, large-scale Y2H studies can be per
formed in high throughput but there are serious issues to be exam
ined relating to the reliability of the data sets generated. 

An alternative approach to producing large-scale protein-protein 
interaction maps is to use protein biochemistry to purify protein 
complexes and MS techniques to identify components of the com
plex. The strategy here is to immunoprecipitate a target protein of 
interest under conditions that retain binding of associated proteins in 
a protein complex. A variety of techniques have been used, but the 
most common involve introducing a stretch of DNA encoding a 
short peptide tag onto a cDNA target of interest that is then over-ex
pressed in an appropriate cell. The cell extract is then immunopreci
pitated with an anti-tag antibody, and the purified target and asso
ciated proteins are identified by MS. Two large-scale studies in yeast 
have been published (Gavin et al. 2002; Ho et al. 2002). In both 
cases a large number of protein-protein interactions were detected, 
and although there was by no means a perfect overlap between the 
two studies and the data already in the public domain, the proteo
mics strategy appeared to give more complete and reproducible data 
than the large-scale Y2H study (Grunenfelder and Winzeler 2002). 
To date over 15,000 interactions between almost 5,000 proteins have 
been identified in yeast using either the genome wide Y2H or pro
teomics approaches or by researchers working on individual proteins 
of interest. Complex mathematical models are required to pull all of 
this data together, and it would appear that the current data set is 
not saturated and that combining data from a variety of sources en
hances and strengthens the quality of the information that can be 
generated (Bader and Hogue 2002). 

As an alternative to using tagging and immunoprecipitation strate
gies to identify protein complexes, there have been several studies 
where sub-cellular fractionation has been used. These studies seek to 
define protein function by the identification of which organelle they 
are found in, and a number of studies have analysed the protein 
composition of the nucleolus (Andersen et al. 2002), the phagosome 
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(Gagnon et al. 2002) and the Golgi (Bell et al. 2001). We are start
ing to redefine the anatomy of the cell by the molecular composition 
of its constituent parts. 

Generating models of protein-protein interactions is highly com
plex, but it is an early step. Linking the protein clusters to known 
biochemical pathways or cellular structures is now possible, and one 
needs to integrate data from proteomics with genetics, biochemistry 
and physiology. This takes protein annotation to new levels of so
phistication in trying to build the links between the genome and 
function. However, proteins networks are not static, they change dy
namically with changing conditions within the cell and we need to 
overlay on this basic framework a set of kinetic information. We are 
still far from such complex models. 

2.5.7 Metabolomics 

The central dogma teaches us the DNA makes mRNA that makes 
proteins. Unfortunately, whereas the dogma stops there, biology does 
not. Proteins control biological events in the cell and many of these 
biological events depend upon the control of metabolites within the 
cell. The newest field of "-omics" is metabolomics, which is the 
comprehensive measurement of metabolites in biological fluids and 
tissues using nuclear magnetic resonance (NMR) and MS tech
niques. If one truly hopes to understand how genes function in cells 
or tissues then one must begin to integrate genomics, proteomics 
and metabolomics (Nicholson et al. 2002). Whereas changes in gene 
or protein expression inform us as what may be happening in re
sponse to a biological stimulus, measuring changes in metabolite 
profiles tells us what has actually happened. 

2.5.8 Functional Analysis 

All of the techniques mentioned so far attempt to identify the bio
logical function of a gene by predictive bioinformatics, or changes 
in gene expression or protein expression following a particular stim
ulus and trying to correlate these observations with the biological 
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outcome. However, there are alternatives which involve defining a 
gene function by directly measuring its influence on a biological 
mechanism. Such models may involve setting up a biological assay 
then testing libraries of genes for their ability to modify the biologi
cal response in the assay. For example, one may wish to identify 
genes that play a role in a particular signal transduction pathway. 
One example might be a cellular system where the ligand for a cell 
surface receptor activates a pathway that ultimately turns on a repor
ter gene that can be quantified. Libraries of cDNAs can be intro
duced into these cells, either by transfection of plasmid DNA or by 
using viral vectors such as adenovirus, and clones that modify the 
pathway can thus be identified. Such strategies are called "expres
sion cloning" and have been successfully used to identify many on
cogenes, growth factors and their receptors as well as components of 
signalling pathways. 

2.6 Target Validation Technologies 

There are many avenues of research that might identify a potential 
drug target, but how many of these potential targets will be worth 
starting a drug discovery programme on? One would need to have 
some evidence that the "target" is implicated in disease pathology or 
that activation or inhibition of the target would modify disease 
pathology or provide symptomatic relief. Finally one would hope to 
get some idea of potential safety or toxicity issues. Addressing these 
issues has come to be known as "target validation" and there is a 
wide range of techniques at the disposal of the drug discovery scien
tist. The target discovery strategies described above should be de
signed to provide a hypothesis, and it is the role of target validation 
studies to test such hypotheses in experimental models. 

If the potential target has been discovered by mRNA expression 
profiling studies, the first validation exercise is the confirmation that 
the mRNA is truly overexpressed in tissues of interest by real time 
(RT) PCR, Northern blots and in situ hybridisation (ISH). Following 
this confirmation one would want to be sure that the mRNA expres
sion correlates with protein overexpression by immunohistochemis
try (IHC). In cancer therapeutics, selective overexpression of a cell 
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surface protein in a tumour may be enough to design a targeting 
antibody that delivers a radionuclide or cytotoxic drug to the tu
mour. The biological function of the target may not be important in 
this case. However, for most therapeutics one needs to confirm that 
the target has some role in the pathology or that it might be useful 
for modifying symptoms of the disease. 

In the case that the genomics, bioinformatics or proteomics plat
forms identify a potentially novel target of unknown function, the 
cDNA is usually cloned and the protein product tested in appropriate 
cellular or whole animal models for biological activity. On the other 
hand, the function of the gene product may already be known or de
duced from the literature. This first step "validates" that the novel 
target has a defined biological activity that may be consistent with a 
role in pathology. 

The second step is to confirm that this new protein has a role in a 
disease pathology or that expressing or inhibiting the protein may 
have some beneficial effect on the disease. This second step of vali
dation requires disease models and tools or reagents to test the hy
pothesis. Perhaps the oldest target validation tools are antibodies. 
Specific antibodies that block the activity of cell surface and se
creted proteins can be quite difficult to make but are valuable re
agents and more and more frequently are becoming therapeutic mol
ecules in their own right. 

An alternative strategy is to reduce target protein expression by 
blocking or knocking down the level its mRNA. Three major tech
nologies have emerged for mRNA knock-down, antisense oligonu
cleotides, ribozymes and siRNA (Opalinska and Gewirtz 2002). 
These three types of reagents work differently, although the end re
sult is similar. Antisense are short oligonucleotides complementary 
to the specific mRNA sequence that one wants to eliminate. These 
antisense oligonucleotides hybridise with the mRNA, and the dou
ble-stranded region so created either blocks translation or targets the 
mRNA for degradation via an RNase enzyme. Ribozymes are also 
single stranded oligonucleotides that bind to specific mRNAs by 
complementary base pairing. However, the ribozyme has a non-com
plementary loop that forms a hairpin or hammerhead structure with 
catalytic activity capable of cleaving the mRNA target. The most re
cent development in this field has been RNA interference. This is 



Target Discovery and Validation 43 

the process whereby small double-stranded (ds )RNA molecules (21-
15 base pairs) target mRNA for destruction in a sequence-specific 
fashion. These short dsRNAs are known as short interfering RNA or 
siRNA. RNA interference appears to be a natural host defence pro
cess and starts with the processing of long (500-1,000 base pair) 
dsRNA into short 21-25 base pair fragments by an enzyme called 
DICER. When these short fragments become incorporated into the 
large nuclease complex called the RNA-induced silencing complex 
(RISC), they unwind, hybridise to their complementary mRNA and 
catalyse the sequence-specific destruction. Long double-stranded 
RNAs have been used for some time to silence the expression of tar
get genes in a variety of organisms and cell types (e.g. worms, fruit 
flies, and plants). In mammalian cells, however, introduction of long 
dsRNA (>30 base pairs) initiates a potent antiviral response, exem
plified by non-specific inhibition of protein synthesis and RNA de
gradation. The mammalian antiviral response can be bypassed, how
ever, by the introduction or expression of siRNAs. Although RNA 
knock-down strategies are relatively effective in vitro and there are a 
variety of cellular delivery techniques, so far they have proved diffi
cult to use in in vivo models, which limits their value as target vali
dation tools. 

In terms of gene knock-out technology for target validation, the 
gold standard is still the mouse. The ease with which genes can be 
manipulated in the mouse and its convenience as an experimental 
model make it the ideal choice. Increasingly the mouse technology 
is becoming more sophisticated and gene knock-outs and overex
pression in specific tissues and at specific times are now possible. 
Coupling this to disease challenge models can provide a sophisti
cated framework for testing the therapeutic validity of a new target. 

However, the mouse is by no means perfect, and the ultimate tar
get validation tool for a drug target is a drug itself in an appropriate 
model of disease. The availability of high-throughput screening and 
large chemical libraries has made it possible to identify small mole
cule agonists or antagonists of potential targets with unprecedented 
speed, and the hope is that it may be possible to validate the target 
using these chemical entities. However, the reality is that "hits" 
from chemical screening rarely have sufficient potency, selectivity or 
the appropriate physico-chemical properties to make them suitable 
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for testing in animal models. A great deal of chemical optimisation 
needs to be done before the small molecule can be used to test a 
biological hypothesis with any expectation of a sensible outcome. 
The "Catch-22" is that chemists are usually not motivated to per
form long and difficult lead optimisation work on a target that is 
poorly validated in the first place. 

2.7 Conclusions 

Potential new drug targets can come form a wide range of sources. 
Traditional, biology-driven hypothesis testing research in the public 
domain is still the greatest source of such targets. Increasingly, we 
are seeing the emergence of genome-wide or large-scale approaches 
to studying biology that are largely hypothesis free. These huge data 
collecting exercises have the potential to make profound ground
breaking observations forcing our understanding of biology forward. 
However, all too often, poor experimental design, questionable math
ematical analysis and lack of reproducibility and comparability be
tween the various technology platforms are holding back progress. 
Target validation relies heavily on skills in molecular cell biology, 
physiology and pharmacology and there are few shortcuts to under
standing complex biological systems. Nevertheless, we now have at 
our disposal an impressive toolbox of techniques that allow us to 
probe biological systems as never before. 
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