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Abstract

Introduction and objectives: Prostate cancer is the most common cancer affecting males in developed countries. 
It shows consistent evidence of familial aggregation, but the causes of this aggregation are mostly unknown. 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 aim 
of the study is to find if previously identified genetic variants on 8q24 chromosome affect susceptibility to prostate 
cancer in the Romanian population and to attempt to translate recent breakthrough findings in prostate cancer ge-
netics into biomarkers of clinical utility. 
Material and Methods: Recent advances in SNP genotyping have revolutionized genetic association studies of pros-
tate cancer. We participated in a genome-wide association study (GWAS) using a bio bank with blood DNA samples 
from 990 cases (histologically confirmed prostate cancer) and 1034 controls. Detailed lifestyle and medical informa-
tion was collected. Biological material was tested for 34 previously identified genetic variants using IlluminaInfinium 
Platform in the deCODe laboratory to observe if these variants affect susceptibility to prostate cancer in the Romanian 
population.  The presence of genetic risk variants was correlated with clinical parameters associated with disease 
severity and outcome. The data was analysed separately for the Romanian population and it will be analysed in con-
junction with comparable data from the Icelandic, Dutch and UK populations. Finally, we will evaluate whether the 
identified genetic variants are associated with known or suspected lifestyle and anthropometric risk factors.
results: The C allele of SNP marker rs1447295 is strongly associated with prostate cancer risk with both forms: het-
erozygote (OR: 1, 52, p: 0,002) and homozygote (OR: 1, 49, p: 0,003) on Romanian male population. This marker was 
most strongly correlated with high values of PSA levels, advanced TNM stages and Gleason’s score between 8 and 10.

conclusions: The genetic studies conducted using Romanian bio bank from ProMark study confirmed that 8q24 
is one of the most important region in the attempt to identify genetic variants underlying risk of prostate cancer. For 
the Romanian patients with prostate cancer, allele C of rs1447295 was found to be strongly associated with high val-
ues of PSA levels, advanced TNM stages and Gleason’s score between 8 and 10. Further investigation is warranted to 
determine the molecular basis of each of the prostate susceptibility loci at 8q24 and the possible interaction between 
these loci. 
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sIntroduction
Over the last decades and particularly in the last 

years there is an international effort to create protocols 
for the early diagnosis of prostate cancer, knowing the 
fact that early diagnosis greatly improves the overall 
survival of these patients. A great part in this effort 
is about identifying new sets of biomarkers useful in 
screening for the early detection of this disease.

At the base of all oncogenic processes lies chromo-
somal alterations. A long period of time the study of 
these phenomena was not possible due to technical 
limitations. Though, over the last decades, with the 
start and rise of the techniques of genetic hybridisa-
tion and digital processing that allowed a better iden-
tification and analysis of DNA fragments, chromosomal 
aberrations were carefully studied and we even can say 
that molecular cytogenetic was revolutionized. In this 
way the genomic information was collected and pro-
cessed to the smallest units of analysis. 

Over the last five years, genomic studies performed 
in different specialized centres identified a number of 
genetic variants associated with an increased risk of 
developing prostate cancer. The great majority of these 
genotypes proved to have an increased incidence, var-
ying between 5% and 75%, over the male population 
from different geographical areas [1].

Single nucleotide polymorphism represents a vari-
ation in genome sequence that involves a single nucle-
otide, observed in two different individuals or in both 
homologous chromosomes of the same individual.

One of the main goals of association genetic tests is 
to establish a causality relationship between the iden-
tified SNP and the corresponding phenotype (disease). 
To achieve this goal it is necessary to isolate the func-
tion of this SNP from that of the SNPs located nearby. 
In practice, as the number of segments of the genome 
that contain SNPs seem to be transmitted to proge-
ny as a single gene unit, the isolation of a single SNP 
is very difficult to achieve. This phenomenon is called 
linkage disequilibrium. Thus the relationship between 
a SNP association and a phenotype followed, no matter 
how strong it may seem, is not necessarily a cause-ef-
fect situation. In other words: a contiguous SNP under 
investigation may be responsible for the phenotype of 
interest. effect of linkage disequilibrium is found to be 
particularly important if the key part of the research is 
to develop a form of treatment; the “confusion” is toler-
able if the purpose of identifying the SNP is to obtain 
a valid marker for the risk of a particular pathology [2]. 

Two or more SNPs that are in linkage disequilibrium 

relationship constitute a haplotype. 
Studies on somatic gene alterations involved in 

the progression of prostate cancer were identified as 
potential suspect genes like: eRG, GSTP1, TP53, PTeN, 
NKX3.1, CDH1, eIF3S3 and AR.

The combination of mutations or only insufficient 
tumour suppressor gene expression of NKX3.1 with at-
rophy lesions, intra epithelial neoplastic proliferation or 
prostate carcinoma has been demonstrated by several 
authors. This gene is located on the p arm of chromo-
some 8 and is encoding a protein acting as a tumour 
suppressor by inhibiting cellular proliferation and by-
inhibiting DNA damage during replication. Thus the 
insufficient expression of this gene favorizespre-malig-
nant lesions, and deletions that occur in the p arm of 
chromosome 8 are often associated with an aggressive 
form of prostate cancer in a late stage. [3] 

On the other hand, laboratory genetic tests on 
mice have shown that even the loss of a single allele 
of NKX3.1 cause prostatic hyperplasia and PIN lesions. 
These observations led to the conclusion that haploin-
sufficiency is a sufficient factor to generate altered phe-
notypes, and that the hyper methylation of promoter 
regions can be an initiator in the development of ma-
lignant cell lines. [4] 

Ribeiro et al. have described a triad of mutations 
found with a significant frequency in different forms 
of metastatic and hormone-resistant prostate cancer 
based on studies using the regressive hybridization 
technique: gene overexpression at 8p region- deletions 
in the 16q region – overexpression in the 8q region[5]. 

Today the role of gene mutations occurring in the q 
arm of chromosome 8, position 8q24, and the transcrip-
tion factor TCF2 in the determinism of aggressive forms 
of prostate cancer (characterized by elevated Gleason 
score) is already known and accepted. In order to iden-
tify the 8q24 SNPs phenotypes, gene overexpression 
and “down-regulation” procedures were used and they 
were applied to particular fragments of the DNA strand 
selected with the help of lentiviral vectors and then this 
fragments were subject to microarray processes using 
the RACe program.

objectives 
The purpose of this study is to determine the cor-

relations among Romanian patients with histologically 
confirmed prostate cancer with the rs1447295 single 
nucleotide polymorphism and compare the results with 
similar communications of other authors in the field.
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s Material and methods 
Rs1447295 SNP’s analysis presented in patients with 

prostate cancer in Romania has been possible due to in-
volvement of the “Prof.Dr. Th. Burghele” Urology Clinic in 
the ProMark multinational project.The Romanian partic-
ipation in this scientific project was by the recruitment 
of a representative sample of cases of histologically con-
firmed prostate cancer (990) and a control group that 
included 1034 patients with non-neoplastic pathology. 
The constitutive activity of bio specimen cohort was 
conducted during June 2008 - June 2011 and included 
the addition of specific activities and the collection of a 
rich clinical package of information about patients in the 
study (data on lifestyle, medical history, etc.).

The biological material collected was tested to 
identify “risk” genetic variantslinked to prostate can-
cer, which are then correlated with clinical parame-
ters associated with the severity of the disease. After 
recruitment ended, we performed a follow-up of cases 
of prostate cancer included in the study for a period of 
two years, with the main purpose of collecting addi-
tional data about the disease. For each patient it was 
made a conjunction with the clinical genotyping to 
identify genetic variants associated with disease con-
ditions.

Principle of method
Processing biological specimens consisted in frag-

mentation of each sample in genomic fragments and 
building a database which, combined with a “library” 
of already sequenced small segments already sequen-
ciallised generates parallel base fragments that can 
be read uniformly and with a high degree of accura-
cy through millions of reactions performed in parallel. 
There are a number of kits – standard “libraries” that  
provide the possibility of standardized protocols for 
sequencing the genome or a messenger RNA or the 
target regions such as exons, receptor protein (Protein 
Binding Regions), etc. Strings of bases identified like 
this are entitled “readings” and are then reassembled 
into a genomic fragment from a reference template, 
like a scaffold, or in the absence of such a template re-
assembly will result in a de novo sequence. A complete 
set of such strings (“readings”) reveals the entire base 
sequence of each chromosome in the DNA fragment 
analysed. ProMark study through de CODe laborato-
ry has inthe processing protocol of collected samples 
processes of targeted sequencing, and sequencing and 
prospecting techniques to identify de novo nucleotide 
sequences.

results 
Out of the 34 nucleotide gene polymorphisms 

(SNPs) included in the analysis, for a total of 14 statis-
tically significant results were obtained. Among these 
the rs1447295 SNP - single nucleotide polymorphisms 
present in the q arm of chromosome 8, position 24.21, 
is commonly identified with an average of 41% (p: 
0.0056) more than in the general population, as can be 
seen in Table 1. The characteristic alleles of this SNP are: 

• Dominant allele - C (cytosine); 
• Recessive allele - A (adenine). 
In this case, the heterozygous form occurs with a 

frequency varying from 16 to 98% higher than in con-
trols, average of 52% (p: 0.002), while the dominant 
form occurs with  an average frequency of 49% (p: 
0.003 ) compared to the control group.

Table 1

Odds ratio Pvalue
Allelic case vs. control 1,41(1,10-1,81) 0,0056
Heterozygousform 1,52 (1,16-1,98) 0,002
Dominant allele 1,49(1,15-1,94) 0,003

The dominant and the heterozygous forms of this 
polymorphism are found with a frequency of up to 50% 
higher (p: 0.008) in average for aggressive forms of can-
cer. The frequency of polymorphism is up to 55% (p: 
0.01) greater than average for the two types of forms 
with high PSA levels at the time of diagnosis (Table 2).

Table 2

Odds ratio Pvalue
Agressiveform of disease

Heterozygous 1,5(1,11-2,02) 0,008
Dominant allele 1,49(1,11-1,99) 0,008

Caseswithhigh PSA values
Heterozygous 1,56 (1,11-2,20) 0,011
Dominant allele 1,55(1,11-2,17) 0,01

Advancedstage (T III and IV)
Heterozygous 1,47(1,09-1,97) 0,011
Dominant allele 1,45(1,09-1,94) 0,012

Gleason’sscore 8-10
Heterozygous 1,64(1,11-2,41) 0,012
Dominant allele 1,64(1,12-3,39) 0,011

Regarding the distribution of cases with the clinical 
TNM stage at diagnosis for batch of cases, the rs1447295 
variant can now be distinguished with a higher fre-
quency by about 45% for heterozygous and dominant 
forms (p: 0.011) - Table 2. Subset specific rs1447295 also 
has a greater presence among cases with high Gleason 
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sscore, almost double in the G8-10 category. 
Laufey T Amundadottir published an article in 2006, 

after conducting a comparative study between two 
analytical studies: an analytical study on 871 cases of 
prostate cancer family (included in 323 families) and a 
second analytical study performed on a series of 869 
cases non-familial prostate cancer for which the con-
trol group consisted of 596 individuals. In these trials 
8q24 region was analysed by sequencing and analys-
ing 1624 alleles. Of these, the most suggestive results 
were those of the allele“ – 8” of the micro satellite gene 
DG8S737 for which the expected correlation was: OR 
of 1.79 (P = 3.0 x 10-6). DG8S737 gene is located near 
the C-MYC oncogene and ”-8” alleleis a “AC” dinucleo-
tide(adenine - cytosine) located in the 8q24.21 region 
intensely correlated in the Icelandic studies with the 
allele A of rs1447295. In fact the correlation of “- 8” 
DG8S737 ‘with the rs1447295 SNP is the most signifi-
cant in terms of statistical significance throughout the 
8q24 region and was confirmed by another case-con-
trol study conducted in Iceland with a lot of 422 cas-
es of prostate cancer compared to a control group of 
401 members. The estimated correlation for rs1447295 
polymorphism published by T AmundadottirLaufey [6] 
was: OR: 1.72 (p: 1.7 x 10-9).

conclusions
The genetic studies on the harvested bio specimens 

from our country in ProMark study confirmed that the 
region 8q24 is one of the main areas of interest in an at-
tempt to identify genetic variants predictive of the risk 
of prostate cancer. 

In Romanian patients diagnosed with prostate can-
cer the C allele of rs1447295 single nucleotide poly-
morphism iscorrelated statistically significant with the 
disease, especially aggressive forms, with elevated PSA, 
advanced TNM clinical stage and high Gleason’s score 
(8-10) at the time of diagnosis. 

Case-control comparative studies are however re-
quired on much larger groups withfurther comparative 
analysis, statistical adjustments and logistic regressions 
to remove false positive results. 

Abbreviations: 
SNP – Single Nucleotide Polymorphism 
PIN – Intraepithelial Neoplasia 
PSA – Prostate Specific Antigen 
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