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The sequencing of the human
genome, and that of a variety of
animals, is now beginning to

dramatically change the landscape for
diagnostic testing and for new treat-
ment regimens.  Pharmaceutical
companies are investing heavily in
linking diagnostic tests to specific
therapies in order to provide a new
generation of personalised
medicines.  As always, the major
investments are being made in the
arena of human medicine, but there is
a growing body of work starting in the
veterinary field. With the recent
announcement in the USA of the
National Cancer Institute's
Comparative Oncology Program, co-
ordinated clinical trials in dogs of
newly developed anticancer treat-
ments are beginning.  This work
involves pulling together a range of
post genomic technologies and is
expected to make significant strides
towards improving cancer therapy for
animals and humans.

The term "post genomic" refers to
the raft of technologies that have

developed as a result of sequencing
the human and other genomes. The
genome represents the total genetic
composition of an organism.  It is the
expression of these genes, both in
terms of time (from conception
onwards) and location (throughout
the body), that results in the develop-
ment of the cells, tissues and organs
that comprise each individual.  The
term "individual", is key here, going
beyond species and breed character-
istics.  For many years now, veterinary
and human clinicians have recognised
that the same treatment might be suc-
cessful for one individual, but would
fail for another.  This problem is not
only prevalent in clinical practice, it
also plagues clinical trials, resulting
in a huge attrition rate for new drug
compounds with associated vast
expenditure and time delays before a
successful drug can be launched.  The
pharmaceutical industry and bio-
science in general have therefore
been forced to reassess this process
in order to supply the treatments for
major diseases that we now expect

and demand.  The developments that
are occurring in this post genomic era
are beginning to make this possible. 

A molecular view of the
individual
Traditionally, the term phenotype was
applied to the physical expression of
an organism which resulted from its
genotype (genome) and its immediate
environment.  However, we now view
the phenotype more in molecular
terms.  The products of gene expres-
sion (RNA, protein, carbohydrate,
lipids etc) are also viewed as compo-
nents of the phenotype.  It was
originally thought that an individual’s
response to a drug would be governed
by the  genotype, and a considerable
amount of work went into studying
single nucleotide polymorphisms
(SNPs) as a potential means of eluci-
dating pharmacological differences
between individual’s.  However, rapid
progress in the field means that the
range of technologies applied to this
work is already diversifying.
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Markers Cancer Sensitivity Specificity

PSA Prostate 65% 35%

SELDI Multi Marker
Profile

Prostate 83% 97%

CA15.3 Breast 23% 69%

SELDI Multi Marker
Profile

Breast 93% 91%

CA125 Ovarian 35% 98%

SELDI Multi Marker
Profile

Ovarian 82% 92%

Table 1: Comparison between the true positive (sensitivity) and true negative (specificity) rates for three different
human cancers as determined by traditional, single markers and by multiple marker analysis (SELDI).  
Data courtesy of Ciphergen Biosystems Inc.
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Scientists are now turning their atten-
tion to the biological "workers", i.e.
the structural and functional
molecules that are directed by the
"management" i.e. the genome. The
power of the "omics" zoo is beginning
to emerge, with disciplines looking at
transcriptomics (total RNA composi-
tion), proteomics (all the different
proteins in a biological specimen) and
metabolomics (analysis of metabolite
expression).
With the development of new, high
throughput analytical techniques to
study the various "omics", it is
becoming both feasible and also con-
venient to monitor an organism's
molecular phenotype and to look for
changes associated with specific dis-
eases.1 For example, using a modern
Mass Spectrometer, it is now possible
to produce a profile of  different pro-
teins in a serum sample separated by
the mass of each molecule.  The resul-
tant protein fingerprint can then be
used as a complex biomarker for a
given physiological state. Biomarkers
are receiving considerable attention
by human clinicians due to their trans-
lational application as diagnostic or
prognostic indicators.2 They have
been used as phenotypic indicators
for early disease detection and pro-
gression in a wide range of
pathologies over several medical dis-
ciplines including oncology, renal,
cardiac, immunology and neurode-
generation.

A multi-marker approach
to diagnostics
The key difference between this
approach to diagnostics and tradi-
tional techniques is that the new
technologies focus on multiple mark-
ers. In the example of proteomics,
multiple peaks are analysed in order
to make a diagnosis, whereas tradi-
tionally, the concentration of single
molecule would be measured.  This

multiple marker approach takes into
consideration the natural redundancy
built into biological systems - a cell or
organism will always have a number of
mechanisms (for example biochemi-
cal pathways) for completing the
same task.  The use of multiple marker
assays has been shown to make sig-
nificant improvement in both true
positive cases (sensitivity) and true
negative cases (specificity)3 as illus-
trated in Table 1. 
It has also been suggested that iden-
tification of multiple markers (also
known as biomarker patterns) from
specific patients with defined
pathologies could offer the potential
for a personalised approach to health-
care.4 The advantage of adopting such
a strategy in clinical practice could
facilitate the selection of treatment
regimens to which a patient might
possess a high probability of
response, whilst avoiding therapies
that are likely to be ineffectual or toxic
to the patient.  It is therefore not sur-
prising that the pharmaceutical
industry is already implementing this
approach to help rationalise drug tri-
als.  This also signals the introduction
of this technology for predictive
medicine in the clinical practice.

New screening technologies
The use of proteomics in health
screening is already much nearer.  In
the USA, an ovarian cancer screening
test will shortly be available for
humans.  At PetScreen, we have been
adapting this technology in order to
produce cancer screening for dogs.
The objective is to provide a blood
test for high incidence malignancies,
which can be used either as a mini-
mally invasive diagnostic test in
situations where cancer might be sus-
pected, or as a routine annual screen
to help improve vigilance, particularly
for those breeds with a high natural
propensity for cancer. 

The core technology is based

around SELDI (Surface Enhanced
Laser Desorption/Ionisation) protein
chips and time-of-flight mass spec-
trometry (ToF MS), which is capable
of accurately and rapidly measuring
the mass of the different proteins in a
biological sample. These instruments
have already been extremely useful in
the search for disease related
biomarkers.5-8 The sample, in this case
serum, is bound to a specially
designed SELDI chip which binds the
constituent proteins.  This is then
placed into the mass spectrometer
where the proteins are ionised by a
high intensity laser.  The ionised pro-
teins are then accelerated through a
flight chamber where they hit a detec-
tor.  The speed at which the molecules
"fly" is inversely proportional to their
mass, resulting in the smaller
molecules hitting the detector sooner
than the larger ones.  The output is
then a spectrum comprising, in some
cases, hundreds of peaks which repre-
sent the range of proteins present in
the original sample (Figure 1).

Specific diseases result in the over
expression of certain proteins and the
under expression of others.  These
changes can be conveniently detect-
ed in the blood, making analysis of
serum an ideal, minimally invasive
source of diagnostic material.   A sim-
ple comparison of two mass spectra,
one derived from a dog without can-
cer, and the other from a dog with
cancer, illustrates the difference
showing both up regulation and down
regulation of specific protein peaks
(Figure 2).  Although our focus has
been on serum proteomics, the tech-
nology can be applied to other
biological materials such as plasma,
solid tissue extracts, urine and cere-
brospinal fluid.  Testing using
time-of-flight mass spectrometers is
very rapid, providing convenient, auto-
mated, high throughput analysis.  The
instrumentation is, however, very
costly and requires dedicated and

Figure 1: Proteomic profiling derived via the mass spectrometric analysis of proteins from a biological sample. The y-axis represents
relative intensity value while the x-axis denotes the mass:charge value for each peak. 
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precisely controlled laboratory condi-
tions.  This is not the technology for
in-practice testing. Both in the human
and veterinary fields, these types of
tests will,  for many years to come,  be
supplied by specialist service labora-
tories.

The data output from proteomic
testing is vast. Analysis of these data
requires advanced software run on
very powerful PCs to produce
meaningful interpretation.  To further
complicate the issue, identification of
potential biomarker patterns requires
the use of hundreds of specimens,
from both healthy and diseased
individuals, in order to develop
statistically confident parameters
that can form the basis of novel
diagnostic assays.  The power of
computational analysis for clinical
biomarkers lies in the fact that they
can analyse literally millions of data
points in relatively short time frames,
providing a cohort of proteins that
comprise the biomarker patterns.  We
have been collecting serum samples
in the UK for two years now, but
progress has been slow.  Like many
organisations, we have now turned
our attentions to the United States,
where we have, in a very short space
of time, amassed sufficient samples
for detailed and rigorous statistical
analyses.      

The data obtained from these anal-
yses have demonstrated that serum
biomarkers, capable of distinguishing
dogs that either have or do not have

cancer, can be rapidly identified.  The
availability of novel biomarker assays
for companion animal diseases are
likely to afford the same clinical bene-
fits to the veterinary field as are
emerging in human medicine. This is
evidenced by the work now starting by
the National Cancer Institute's
Comparative Oncology Program in
the United States, which is already
bringing the benefits of post-genomic
research to veterinary therapeutics. 
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Figure 2: A serum biomarker profile taken from a dog with no pathology (A) and a dog with confirmed cancer (B). In
Figure 2A peak X is noted to have a higher relative intensity value than the animal with cancer. Figure 2B shows the
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