ProMark: genetic prostate cancer variants as biomarkers
Results from genetic association studies show much needs to be done
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Summary
The major objective of the EU FP7 funded project
ProMark is to find biomarkers that can be utilised to
help predict progression of early stage prostate
cancer. Collections of biological samples and clinical
information from prostate cancer patients in four
European countries will be used to test if inherited
genetic variants can be found that associate
preferentially with a more aggressive form of the
disease. Furthermore, initial steps will be taken to try
to understand the functional role of genetic variants
that associate with prostate cancer.

ProMark’s objective
The main objective of ProMark is to attempt to
translate recent breakthrough findings in prostate
cancer genetics into biomarkers of clinical utility. Two
members of our consortium, deCODE and RUNMC,
were funded by the 6th FP Program to identify genetic
variants that affect the risk of prostate and breast
cancer, using genome-wide association studies (www.
polygene.eu).
This collaboration has led to the identification of six
variants that associate with prostate cancer
development and more variants are being evaluated.
At least two of the variants may be associated with
more aggressive form of the disease (Gleason score >
6), opening the possibility that genetic variants could
be used as biomarkers to predict disease severity and
outcome. In ProMark, we plan to compare the
genotypes of prostate cancer patients with aggressive
disease to those of patients with less aggressive
disease in order to identify candidate markers of
disease progression.
In order to assess if inherited factors affect the course
of disease, these genetic variants need to be tested in
large cohorts of prostate cancer cases with accurately
documented clinical follow-up. Therefore, we have
formed ProMark consortium of established
investigators which have already initiated collections
of samples and data from prostate cancer cases and
controls. In addition, a new cohort for prostate cancer

and a set of 1,000 samples will be selected from
those to use as controls. This resource provides an
invaluable opportunity to test the association of
genetic risk markers with the progression of the
disease.
• Prostate cancer families and sporadic cases from
the Dutch population. First, members of over 150
registered and confirmed hereditary prostate cancer
families from the Dutch population will be recruited
in order to assess the contribution of genetic
variants in familial cases. Second, extensive clinical
data will be obtained for a group of 1,100 incident
prostate cancer patients from the Netherlands that
were recruited for the 6th FP program POLYGENE.
• Hospital-based prostate cancer cases and controls
from the Romanian population. Prostate cancer
screening is uncommon in Romania. Hence, the
incidence of the disease is lower than in Western
Europe and most cases are diagnosed with a
clinically significant disease. We will initiate a
collection of samples and data from at least 1,000
Romanian prostate cancer cases and 1,000 controls
in order to start dissecting the epidemiology and
genetics of the disease in this population. Such a
collection will be the first of its kind in the country.
• Cases and controls from the Icelandic population.
We will continue to recruit all incident prostate
cancer cases in the Icelandic population,

Two prostate cancer consortia, ProMark and Polygene, met in Iceland in August and seized the opportunity to get some fresh
(and wet) air.

will be established in Romania. This collection will
enable us to examine the effect genetic risk variants
have in a population of low PSA screening and with
different environmental factors from the NorthernEuropean populations already involved in the study.

Genetic association studies are now at their peak and
genetic variants that affect the risk of common
Currently, a number of clinical parameters are used in diseases are being published every month. A close
order to divide patients into prognostic groups,
look at the results of these studies makes it painfully
including a combination of stage, PSA level, and
clear that much work needs to be done before this
Gleason score; however, these parameters alone can
information can be translated into therapeutics to
not solve the problem of over-diagnosis and
benefit patients. In many cases, the genetic variants
over-treatment. Biomarkers that help determine which reported do not have a known function and their
early stage tumours will remain confined to the
association with disease is derived through pure
prostate and those which will progress to an invasive, statistical analysis of DNA sequences, without any
aggressive form of the disease are urgently needed.
biological interpretation.
In the last two years, genome-wide association studies
have identified a number of genetic variants that
associate with increased risk of prostate cancer (2-8).
Most of these variants are common, i.e. they are
present in 5-75% of the population, and each carries a
small increase in risk. To date, most genetic studies on
prostate cancer have focused on finding variants that
predispose to the disease. However, it is possible that
inherited genetic variation may also affect progression
of the disease.
At least two scenarios can be envisioned: first,
prostate cancer risk variants may exist that predispose
preferentially to a more malignant disease. Second,
variants may exist that do not by themselves
predispose to prostate cancer development but may
affect the course of disease once it has developed. If
such variants can be found, they could be extremely
valuable as they are “unchangeable”, i.e. not affected
by age, somatic (acquired) mutations in the tumour,
environmental influence, etc. With the results of the
first genome-wide association studies on prostate
cancer available, it is now possible to probe the
relationship between inherited factors and prostate
cancer progression.
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3. Elucidation of the biological mechanisms that cause
increased prostate cancer risk.
Molecular and cellular approaches will be applied
to characterize the functional aspects of variants
associated with different clinical forms of the
disease, using exclusively cells and tissues from
prostate cancer patients and individuals with
benign prostate hyperplasia. Currently, one variant
on Chr8q24 has been identified that reproducibly is
associated with high Gleason score but the other
variants remain to be tested in this respect.
As a first step, we will create primary cultures of
non-neoplastic human prostate epithelial cells from
20 individuals. The cells will be genotyped for
prostate cancer variants and immortalised to
provide relevant cell line models for functional
studies. To elucidate the function of selected
variants, we will over-express and down-regulate
selected transcripts (identified by RACE and an
ongoing microarray project), using lenti-viral
vectors and stable siRNA, respectively. A
comparison of global gene expression and pathway
alterations in cells over and under-expressing the
candidate genes will be performed to identify the
relevant pathways involved.
Expected outcome
At the end of the project, samples and clinical
information from over 8,000 prostate cancer cases
from different parts of Europe will have been
collected. We will have established the first bio
specimen repository for prostate cancer in Romania
and greatly added to three existing sample collections.
This resource will be used to assess the utility of
inherited genetic variants as biomarkers of disease
progression and outcomes.

Identifying biomarkers
Early diagnosis and treatment are key factors in
determining the survival of certain sets of prostate
cancer patients. Hence, a major effort has been put
into trying to identify biomarkers that could be used
for screening for the disease. The test most frequently
used to screen for prostate cancer, the PSA blood test,
is effective at detecting early stage prostate cancer but
has limited specificity for the aggressive form of the
disease, resulting in an extremely high rate of
“over-diagnosis” of up to 50% (1).
Consequently, prostate cancer incidence has risen
rapidly in those European countries where
opportunistic PSA screening is commonplace and, due
to lack of prognostic tests, has led to excessive
treatment of localised lesions that might never progress
to symptomatic cancer. This over-treatment carries
heavy costs, both financial and personal as side-effects
of treatment can be considerable, including impaired
urinary continence and sexual dysfunction.

aggressiveness and outcome with the aim to
improve on existing predictive devices.

If we are to be able to translate genetic findings into
preventive or therapeutic measures, it is vital to
understand the functional aspects of how genetic
variation leads to different phenotypes of disease. In
this project, we will perform functional studies on
genetic variants that show association with disease
severity and/or prognosis. We believe that by
unravelling the cellular mechanisms that play a role in
disease progression we may be able to identify
additional predictive biomarkers and possibly new
targets for treatment.
Specific Aims
1. Establishment of comprehensive collections of
biological specimens and clinical data for prostate
cancer biomarker research in four European
populations.
• Cases and controls from the ProtecT clinical trial. In
the ProtecT clinical trial, 3,000 men with early stage
prostate cancer will be randomised to three
different treatments and followed for 10-15 years
(http://www.epi.bris.ac.uk/protect/). Furthermore, it
is expected that approximately 500 cases with
advanced or metastatic disease will be identified.
Samples from 3,000 men with high PSA but no
cancer and 3,000 men with low PSA are available

complemented with clinical data and genealogy
information. In three years, our current collection of
about 1,600 cases can be expected to have been
expanded to about 2,000 cases. Our collection
includes both sporadic and familial cases.
2. Testing of the utility of genetic prostate cancer risk
variants as biomarkers of disease severity,
progression and outcomes.
To date, we and others have identified
approximately 15 inherited genetic variants that
associate with prostate cancer development. In
addition to variants that predispose to the disease,
we have combined results from the genome-wide
scan of Icelandic cases and controls with publicly
available data to search for variants that show
different frequencies in prostate cancer cases with
aggressive disease (Gleason score > 6, stage T3 or
T4, and/or metastatic disease) versus cases with
early stage disease (Gleason < 6, stage T1a-T2b).
The purpose of this analysis is to try to identify
genetic variants that are directly associated with a
more aggressive disease and less favourable
outcome. Approximately 3,000 of these variants will
be selected for replication in this study.
Furthermore, we will select 20 variants identified by
others through genome-wide association studies as
well as variants in candidate genes in order to test
their association to disease phenotype.
Almost 50% of all cases from Iceland, the
Netherlands, and Romania, are expected to have
non-localised prostate cancer (N = 2350). Combined
with the 500 patients from the UK, this large
number of patients with aggressive disease
provides considerable statistical power to test
associations of markers with disease
aggressiveness. Major emphasis will be put on
testing if the risk variants associate with any of the
following: i) stage and grade of disease, ii) age at
diagnosis, iii) recurrence, iv) survival (disease-free
and overall), v) family history of the disease.
Eventually, we will attempt to set up and test
different predictive models for disease

If successful, an attempt will be made to produce a
prognostic test that predicts clinical outcomes for
localised prostate cancer more accurately than existing
methods. Finally, the project will yield new knowledge
on cellular pathways that are involved in
carcinogenesis of the prostate. This information may
lead to the identification of additional biomarker
candidates and point the way to therapeutic targets.
Note: Further information on the ProMark project can
be found on the website: www.promark-fp7.eu
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