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 Abstract 
  Background.  The recent advances in genomic research have made it possible to identify several new genomic-based biomar-
kers for prostate cancer. In this review we evaluate these new markers and speculate about future scenarios.  Results.  Today 
35 single nucleotide polymorphisms (SNPs) have been identifi ed and independently validated to associate with prostate 
cancer. These SNPs are common in the population ( � 5%) but the effect of these SNPs in these regions on prostate cancer 
risk is modest with odds ratios typically ranging between 1.1 and 1.3. It is estimated that these markers explain 25% of 
the familial risk of prostate cancer. However, it is anticipated that additional 50 – 75 prostate cancer SNPs will be identifi ed 
in the near future. The SNPs associated with prostate cancer so far are not associated with disease stage or outcome. There 
are several efforts to identify germline genetic markers that can be used as prognostic markers. There are also tumor-based 
methods that are promising in identifying new genetic markers that can be easily measured in plasma or urine.  Conclusion.  
There are several new  “ genetic ”  markers that in the near future might be used in clinical routine. These markers are easy 
to measure and stable over time. However the challenge is not only to identify new biomarkers but the real test is to vali-
date new biomarkers in several large well-characterized patient populations. This validation must be done together will all 
other known biomarkers at the same time as it not likely that one single marker is enough, but a panel of different markers. 
Today 2010 there are over 19 000 publications in the area of biomarkers and prostate cancer, but only one biomarker, 
PSA, is used in the clinic today!    
Since the late 1980s Prostate Specifi c Antigen (PSA) 
has been used as a clinical biomarker initially used 
to follow treatment outcome but later as a tool to 
identify patients at a high risk of being diagnosed 
with prostate cancer. 

 Two recent studies have presented different out-
comes as to whether PSA can serve as a tool for 
screening or not. The European study, ERPC, showed 
a 20% reduction in prostate cancer mortality com-
pared to the non-intervention arm. The PLCO study 
did not show any reduction in mortality, probably 
due to contamination of the control group and rela-
tively few events in the intervention group. Although 
it seems as if screening would affect the prostate can-
cer related deaths it has not led to general screening 
in most western countries mostly due to the fact that 
screening inevitably leads to overdiagnosis and over-
treatment which also was shown in the ERCP study 
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where 1 400 men had to be screened and 48 men 
had to be treated to avoid one death related to 
prostate cancer [1,2]. In an updated analysis of the 
G ö teborg part of the ERPC, a 44% reduction in 
prostate cancer mortality was reported. This results 
reduces the numbers needed to screen to 293 and 
number needed to treat to only 12 [3]. 

 Still this calls for novel biomarkers with a better 
specifi city in order to better predict which men would 
benefi t from further diagnostic interventions and 
eventually treatment. Biological markers associated 
with aggressiveness would be very valuable in order 
to better be able to individualize treatment. 

 In this review we are focusing on genetic markers 
that can be measured in blood, either from DNA or 
plasma/serum. Genetic markers measured in urine 
or tumors are covered in other articles. We have the 
following defi nitions of a genetic marker:   
 Biostatistics, Karolinska Institutet, PO Box 281, SE-171 77 Stockholm, 
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 Germline (inherited) genetic markers 

 Point mutations/copy number variation in the human 
genome. A single nucleotide polymorphism (SNP) is 
an inherited mutation that is present in more than 
1% of the population. These markers can be analyzed 
from any normal tissue in the body but in most cases 
DNA from white blood cells are used.        

 Germline genetic markers and prostate 
cancer risk 

 A family history of prostate cancer is one of the 
strongest risk factors and twin studies suggest that as 
much as 42% of the disease risk is explained by her-
itable factors [4]. Attempts to decipher the heritable 
component of prostate cancer based on candidate 
gene association studies and genome-wide linkage 
studies in multiple case families have suggested 
numerous prostate cancer susceptibility genes and 
loci. However, an inability to replicate reported link-
age and association fi ndings suggest that prostate 
cancer is genetically complex with multiple common 
low-penetrance genes involved in prostate cancer 
predisposition [5]. 

 Recently, genome-wide association studies 
(GWAS) have emerged as a powerful method to 
identify genomic low-risk susceptibility regions for 
complex diseases including cancer [6]. Through 
genotyping platforms that explore hundreds of 
thousands of single nucleotide polymorphisms 
(SNPs) simultaneously it is possible to screen the 
complete genome for common genetic variation 
associated with the disease of interest. In 2006 the 
fi rst prostate cancer susceptibility region was identi-
fi ed at chromosome 8q24. Subsequent GWAS and 
region-focused studies have revealed fi ve distinct 
linkage disequilibrium blocks harbouring prostate 
cancer susceptibility alleles at 8q24 [7 – 13]. The 
8q24 region has also been shown to harbour sus-
ceptibility alleles for breast cancer [14], colorectal 
cancer [15], bladder cancer [16], and ovarian can-
cer [10]. The 1.2-Mb sequence at 8q24 containing 
all observed risk alleles does not code for any known 
genes and the biologic mechanisms underlying these 
associations are unknown. The oncogene  c-MYC  is 
the closest distal gene to this region and it has been 
suggested that the observed associations refl ect 
long-range control of myc expression. To date, 38 
distinct genetic loci harbouring prostate cancer risk 
alleles have been identifi ed and consistently repli-
cated (Table I). In general, the effect of variants in 
these regions on prostate cancer risk is modest with 
odds ratios typically ranging between 1.1 and 1.3. 
It has been estimated 17 that hitherto identifi ed 
variants together explain approximately 22% of the 
familial risk of prostate cancer and it is anticipated 
that many more prostate cancer susceptibility vari-
ants will be identifi ed in the future. All these studies 
have been conducted on European/North American 
populations making the translation to other ethnic 
groups uncertain. However, a recent Japanese study 
showed that x/x of known prostate cancer suscepti-
bility loci was confi rmed in Japanese men [18]. In 
addition fi ve new loci was reported and it is unknown 
if these loci are specifi c to the Japanese population 
or not.   

 Germline genetic markers and disease 
aggressiveness 

 To date there is no reliable way of predicting whether 
prostate cancer will be an aggressive, fast-growing 
disease or a non-aggressive, slow-growing type of 
cancer. In general, a combination of tumor staging 
(using the tumor-node-metastasis staging system 
[19]), tumor grading (using the Gleason scoring sys-
tem [20]) and diagnostic PSA serum levels are used 
to classify patients into different prognostic risk 
groups to guide clinicians in treatment decisions. In 
genetic association studies, prostate cancer patients 
are commonly classifi ed as having a more aggressive 
form of the disease if they fulfi ll any of the following 
criteria: 1) disease spread outside of the prostate 
gland, or presence of cancer in the lymph nodes or 
other metastatic sites; 2) presence of poorly differen-
tiated cancer as indicated by a high Gleason score 
(i.e. 4 � 3 � 7 or higher); or 3) a serum PSA level 
associated with a high likelihood of extensive disease 
(i.e.  � 20 ng/ml). 

 Several studies have explored the capacity of 
established prostate cancer risk variants to distinguish 
between less aggressive and more aggressive disease 
[7 – 9,21 – 43]. Overall, results are inconclusive, with 
some studies reporting stronger associations for some 
of these variants among more aggressive prostate can-
cer patients, while others did not. In a large replication 
study from the PRACTICAL (Prostate cancer asso-
ciation group to Investigate cancer associated altera-
tions in the genome) consortium, which evaluated 
genetic variants at chromosome 3p12, 6q25, 7q21, 
10q11, 11q13, 19q13 and Xp11 among 7 370 pros-
tate cancer cases and 5 742 controls, no association 
with tumor grade was observed for any of the explored 
variants [42]. Fitzgerald and coworkers assessed the 
same seven variants and an additional six variants at 
chromosome 7p15, 8q24, 10q26, and 17q12 in a pop-
ulation-based study comprising 1 308 cases and 1 267 
controls for association with family history and clinical 
features of more aggressive disease [43]. No associa-
tion was observed between any of the evaluated risk 
variants and a composite measure of disease aggres-
siveness; however, two variants, rs10993994 at 10q11 
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(p � 0.02) and rs5945619 at Xp11 (p � 0.03) were 
nominally signifi cantly associated with Gleason score. 

 Most of the published studies exploring estab-
lished risk variants with respect to prostate cancer 
aggressiveness had several limitations including small 
sample size, heterogeneous defi nition of aggressive 
disease across multiple study populations, and reli-
ance on clinical grading and staging of tumors. To 
address these limitations Xu and coworkers evalu-
ated 20 established risk variants in 17 distinct 
genomic regions among 5 895 prostate cancer 
patients of European descent who underwent radical 
prostatectomy for treatment of prostate cancer. Based 
on the entire prostate gland each tumor was uni-
formly graded and staged using the same protocol. 
For 18 of the 20 variants explored no signifi cant dif-
ference was observed in risk allele frequencies 
between patients with more aggressive and less 
aggressive disease. Two variants were signifi cantly asso-
ciated with disease aggressiveness; SNP rs2735839 
downstream of the kallikrein 3 gene ( KLK3 , 
p � 8.4�10 �7 ), the gene coding for PSA, and SNP 
rs10993994 in the microseminoprotein beta gene 
( MSMB , p � 0.046). Since these risk alleles have 
been shown to strongly associate with higher PSA 
levels among population controls [25,44,45], it is 
possible that the observed association with aggressive 
disease may partly refl ect a PSA detection bias.   
  Table I.   Validity SNPs and chromosomal loci associated with prostate cancer risk.

dbSNP No. Chromosome Gene ∗ Risk Allele † Per Allele OR Study

rs1465618 2p21 THADA A 1.08 Eeles et al. 2009 [17]
rs721048 2p15 EHBP1 A 1.15 Gudmundsson et al. 2008 [24]
rs12621278 2q31.1 ITGA6 A 1.33 Eeles et al. 2009 [17]
rs4857841 3q21.3 EEFSEC A 1.12 Gudmundsson et al. 2009 [55]
rs12500426 4q22.3 PDLIM5 A 1.08 Eeles et al. 2009 [17]
rs17021918 4q22.3 PDLIM5 C 1.11 Eeles et al. 2009 [17]
rs7679673 4q24 FLJ20032 C 1.10 Eeles et al. 2009 [17]
rs9364554 6q25.3 SLC22A3 T 1.17 Eeles et al. 2008 [25]
rs10486567 7p15.2 JAZF1 G 1.35 Thomas et al. 2008 [23]
rs6465657 7q21.3 LMTK2 C 1.12 Eeles et al. 2008 [25]
rs1512268 8p21.2 NKX3-1 T 1.18 Eeles et al. 2009 [17]
rs12543663 8q24.21 C 1.08 Al Olama et al. 2009 [12]
rs10086908 8q24.21 T 1.15 Al Olama et al. 2009 [12]
rs1016343 8q24.21 T 1.21 Al Olama et al. 2009 [12]
rs13252298 8q24.21 A 1.19 Al Olama et al. 2009 [12]
rs6983561 8q24.21 C 1,47 Al Olama et al. 2009 [12]
rs16901979 8q24.21 A 1,79 Gudmundsson et al. 2007 [7]
rs16902094 8q24.21 G 1.21 Gudmundsson et al. 2009 [55]
rs445114 8q24.21 T 1.14 Gudmundsson et al. 2009 [55]
rs620861 8q24.21 C 1.11 Al Olama et al. 2009 [12]
rs6983267 8q24.21 G 1.26 Al Olama et al. 2009 [12]
rs1447295 8q24.21 A 1.29 Amundadottir et al. 2006 [56]
rs10993994 10q11.23 MSMB T 1.25 Eeles et al. 2008 [25]
rs4962416 10q26.13 CTBP2 C 1.20 Thomas et al. 2008 [23]
rs7127900 11p15.5 A 1.22 Eeles et al. 2009 [17]
rs12418451 11q13.2 A 1.15 Zheng et al. 2009 [31]
rs11228565 11q13.2 A 1.23 Gudmundsson et al. 2009 [55]
rs10896449 11q13.2 G 1.28 Thomas et al. 2008 [23]
rs11649743 17q12 HNF1B G 1.28 Sun et al. 2008 [27]
rs4430796 17q12 HNF1B A 1.22 Gudmundsson et al. 2007 [22]
rs1859962 17q24.3 G 1.20 Gudmundsson et al. 2007 [22]
rs8102476 19q13.2 PPP1R14A C 1.12 Gudmundsson et al. 2009 [55]
rs2735839 19q13.33 KLK3 A 1.20 Eeles et al. 2008 [25]
rs9623117 22q13.1 TNRC6B C 1.11 Sun et al. 2009 [28]
rs5759167 22q13.2 BIK G 1.16 Eeles et al. 2009 [17]
rs5945619 Xp11.22 NUDT11 C 1.19 Eeles et al. 2008 [25]

    ∗ These genes are within the linkage-disequilibrium block defi ned by the associated variant. THADA denotes thyroid adenoma associated 
isoform 1, EHBP1 the EH domain binding protein 1, ITGA6 the integrin alpha chain 6, EEFSEC the elongation factor for selenoprotein 
translation, PDLIM5 the PDZ and LIM domain 5 isoform d, FLJ20032 the hypothetical protein LOC54790, SLC22A3 the solute carrier 
family 22 member 3, JAZF1 the juxtaposed with another zinc fi nger gene 1, LMTK2 the lemur tyrosine kinase 2, SLC25A37 the 
mitochondrial solute carrier protein, NKX3-1 the NK3 transcription factor related locus 1, MSMB the beta-microseminoprotein isoform 
a precursor, CTBP2 the C-terminal binding protein 2 isoform 2, HNF1B hepatocyte nuclear factor 1 homeobox B, PPP1R14A the protein 
phosphatase 1, regulatory inhibitor, KLK3 the kallikrein 3 gene, TNRC6B the trinucleotide repeat containing 6B isoform 2, BIK the 
BCL2-interacting killer, NUDT11 the nudix-type motif 11.   
  † Risk alleles as defi ned from published data cited in the column.   



 

 Somatic (tumor) genetic marker 

 Acquired genetic mutations/rearrangement in a 
tumor during the development of the tumor. These 
changes can be detected from DNA or RNA from 
the specifi c tumor. New techniques make it possible 
to detect these somatic mutations (DNA) or copies 
of gene expression (RNA) directly in blood plasma.

Since the 1970s it has been known that elevated 
levels of free circulating DNA can be detected in blood 
in patients with malignant disease [46]. It was also 
shown in the same paper that the levels correlated with 
metastatic status and that the levels decreased after 
therapy. Chun et al. described 2006 that plasma DNA 
level is predictive and highly accurate to assess the risk 
of positive biopsy outcome in prostate cancer. Increased 
levels of cDNA have also been shown in patients with 
metastatic disease, although they also found elevated 
levels in patients with benign prostatic hyperplasia [47]. 
Papadopoulou et al. showed that cell-free DNA could 
be used to distinguish between patients with prostate 
cancer and those not diagnosed with the disease [48]. 
Cherepanova et al. has also shown that patients with 
prostate cancers have elevated levels in blood in com-
parison to patients with benign diseases of the prostate 
[49]. The utility of detecting tumor-specifi c rearrange-
ments in plasma is currently limited by the heterogene-
ity of solid tumors. In an attempt to map structural 
variation in breast cancer, none of 24 tumors harbored 
any identical rearrangements [50]. Therefore, for most 
cancer types, the primary tumor needs to be investi-
gated fi rst, which limits the possibility to use circulating 
DNA for early detection. Although it would be possible 
to detect individual-specifi c tumor rearrangements 
directly in plasma or serum it is not practically feasible 
due to costs since tumor DNA constitutes  � 30% of 
the total amount of circulating nucleic acids [51]. 
Unlike other adenocarcinomas, prostate tumors har-
bors a rearrangement (TMPRSS2-ERG gene fusion) 
that occur in 50% of cases [52]. These rearrangements 
may be detectable in blood and could be of diagnostic 
and perhaps also of prognostic value. Further studies 
are needed to assess this as a clinically useful marker.   

 miRNA 

 MikroRNAs are small, up to 22 nucleotides long, non-
coding functional RNAs. It is estimated that 1 000 such 
small RNAs exists and they are all expressed in a tissue 
specifi c manner suggesting that they could be used as 
markers for various conditions. miRNAs are known to 
regulate gene expression. Porrka et al. identifi ed 51 dif-
ferent miRNA being either up- or down from an expres-
sion profi le of 319 genes encoding miRNA in prostatic 
cancer tissue as compared to normal prostatic tissue. 
Twenty two of these were downregulated in all prostate 
cancer samples and 15 were only downregulated in 
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 castration resistant specimens. It has also been demon-
strated that miRNA profi les were consistent with 
prostate cancer disease process [53]. miRNA plays a 
biological role that may imply their correlation with 
diagnosis and therapeutic outcome and miRNA are 
possible to detect in plasma samples.   

 Identifi cation of somatic mutations in prostate 
tumors 

 With the introduction of massive parallel sequencing 
it is now possible to screen for somatic mutation in 
the entire coding parts of the genome (all genes) or 
even the entire genome in 10 – 100 of tumors. This 
has been demonstrated to be successful in several 
other tumors as breast cancer, colon cancer and lung 
cancer in which several new key genes and pathways 
have been identifi ed. If protein products from these 
altered genes are secreted in either the urine or the 
bloodstream new biomarkers might be identifi ed.   

 Conclusion 

 There are several promising new  “ genetic ”  markers that 
in the near future might be used in clinical routine. 
These markers are easy to measure and stabile over time. 
We foresee the following areas as most promising:   

 1. Identifying high-risk populations using a combination 
of prostate cancer susceptibility alleles (SNPs). 

 Individually, each risk variant has a modest effect 
on disease risk and they will clearly not be useful 
for individualized risk prediction. However, risk 
profi les based on a combination of risk variants lead 
to an appreciable increased risk of disease [32] and 
there is potential for the predictive power to increase 
considerably as more risk variants are detected [54]. 
Combining the fi rst 28 prostate cancer SNPs in the 
Swedish CAPS study, the top 8% of the population 
had three times of more increased lifetime risk of 
prostate cancer. These high-risk men can be selected 
for targeted screening or chemoprevention.   

 2. Using prostate cancer susceptibility alleles (SNPs) 
in current risk calculators for prostate cancer. 

 These risk variants might be used in combination 
with current risk calculation aiding clinicians 
when to do prostate biopsy or not.   

 3. The identifi cation of new prognostic markers both 
germline genetic variants and other biomarkers based 
somatic mutations in the tumors are highly warranted. 

 However the challenge is not only to identify 
new biomarkers but the real test is to validate 
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new biomarkers in several large well-characterized 
patient populations. This validation must be done 
together will all other known biomarkers at the 
same time as it not likely that one single marker is 
enough, but a panel of different markers. Today 2010 
there are over 19 000 publications in the area 
of biomarkers and prostate cancer, but only one 
biomarker, PSA, is used in the clinic today! 

 Declaration of interest: The authors report no 
confl icts of interest. The authors alone are respon-
sible for the content and writing of the paper. 
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