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Abstract

To find sequence variants affecting prostate cancer (PCA) susceptibility in an unscreened Romanian population we use a genome-wide associa-
tion study (GWAS). The study population included 990 unrelated pathologically confirmed PCA cases and 1034 male controls. DNA was geno-
typed using Illumina SNP arrays, and 24.295.558 variants were imputed using the 1000 Genomes data set. An association test was performed
between the imputed markers and PCA. A systematic literature review for variants associated with PCA risk identified 115 unique variants that
were tested in the Romanian sample set. Thirty of the previously reported SNPs replicated (P-value < 0.05), with the strongest associations
observed at: 8924.21, 11q13.3, 6025.3, 5p15.33, 22q13.2, 17912 and 3q13.2. The replicated variants showing the most significant association
in Romania are rs1016343 at 8g24.21 (P=2.2 x 107%), rs7929962 at 11q13.3 (P=27 x 107 and rs9364554 at 6q25.2
(P=47 x 10%. None of the variants tested in the Romanian GWAS reached genome-wide significance (P-value <5 x 10~®) but 807 mark-
ers had P-values <1 x 107, Here, we report the results of the first GWAS of PCA performed in a Romanian population. Our study provides evi-
dence that a substantial fraction of previously validated PCA variants associate with risk in this unscreened Romanian population.
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Introduction

Prostate cancer is the fourth most common cancer and the second  third most commonly diagnosed cancer in Europe and has emerged
most common cancer in men worldwide [1]. Prostate cancer is the  as the most frequent cancer in men, reaching an age-standardized
rate of 96 per 100,000 men in 2012 [2]. Incidence has been increas-
ing rapidly over the past two decades in most European countries,
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new cancer cases. The incidence is expected to grow to 1.7 million
new cases and 500,000 deaths by 2030 worldwide, mainly due to the
growth and ageing of the global population [4].

Incidence of prostate cancer differs between countries, in part
due to differences in the prevalence of prostate-specific antigen
(PSA) screening. PSA screening has a much greater effect on inci-
dence than on mortality; hence, there is less variation in mortality
rates worldwide (10-fold) than is observed for incidence (25-fold). In
2012, the age-standardized mortality rate in Europe was 19 per
100,000 men, and the mortality rate was almost the same in devel-
oped and developing regions of Europe [2, 4]. Prostate cancer
screening with PSA has been shown to decrease prostate cancer
mortality in the European Randomized Study of Screening for Pros-
tate Cancer (ERSPC) [5]. However, the possibility of negative effects
of screening on over-diagnosis and over-treatment cannot be ignored
[6]. Screen-detected prostate cancer typically runs an indolent
course, less than 13% of those diagnosed will succumb to the dis-
ease [5]. To improve the outcome of screening, it is important to find
prognostic biomarkers that can distinguish between indolent and
aggressive disease [7]. Sequence variants that associate with aggres-
sive PCA could be useful for this purpose.

Genome-wide association study has been remarkably successful
in identifying common sequence variants affecting risk of PCA [8].
More than 200 SNPS have been identified at 70 loci, explaining 30%
of the familial risk of this disease [9]. Most GWAS has been con-
ducted in populations with high rates of PSA screening and includes
indolent disease with undetermined clinical significance. Not surpris-
ingly, some of the PCA variants reported have subsequently been
shown to associate with PSA levels rather than PCA [10].

In Romania, the estimated age-standardized incidence of PCA was
37.9 per 100,000 men in 2012, and the estimated age-standardized
mortality rate for PCA was 16.9 per 100,000 men [2]. Due to the poor
health status of the Romanian population and difficulties in healthcare
accessibility [11], PCA might be an underdiagnosed condition. PSA
screening is not common in Romania [12] and consequently more
than 95% of patients have an advanced disease at the time of diagno-
sis [13]. Here, we report the first GWAS on PCA in Romania and pro-
file the known PCA risk variants in this populations of patients with
clinically significant disease.

Materials and methods

Study population

Subjects included in this study were male patients admitted between
2008 and 2012 to two clinics in Bucharest (Urology Clinic ‘Th. Burghele’
and General Surgery Clinic ‘St. Mary’) for various medical conditions.
The study consists of 2024 hospital patients; 990 unrelated histopatho-
logically confirmed PCA cases, most of which had abnormal PSA levels,
and 1034 controls, consisting of patients admitted for urological and
surgical conditions other than cancer. Blood samples were collected for
the measurement of biomarkers and genotyping. PSA levels in plasma
were measured for all subjects at hospital admission but were not used
as an exclusion criteria. All subjects gave written informed consent prior
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to enrolment and accepted the use of personal and clinical data and
biological samples for genetic research. The Bioethical Committee of
the Romanian College of Physicians approved the study and the study
protocols were approved by the National Ethical Board of the Romanian
Medical Doctors Association in Romania. Trained interviewers per-
formed face-to-face interviews, using standardized questionnaires, to
collect personal data (ethnicity, marital status, education, height and
weight), lifestyle data (occupation, smoking, coffee and tea consump-
tion) and medical history (personal and familial). All subjects were of
self-reported European descent. No significant difference was observed
between the average age of the cases (66.9) and controls (64.3). No
significant differences were observed in other epidemiological features:
BMI, smoking or alcohol consumptions (Table 1).

The UICC-TNM staging system was used [14]. For the T stage, more
than 75 per cent of the cases were graded as T3 or T4. The N and M
stages were distributed similarly, and a vast majority were staged as
Mx or Nx. For the Gleason score, the majority of cases were graded as
Gleason 7 or 8 (45.1% and 20.3%, respectively). A complete descrip-
tion of the clinical characteristics of the cohort is found in Table 1.

Genotyping and analysis of SNP data

DNA was extracted from whole blood at deCODE Genetics (Reykjavik,
Iceland) and genotyped using Infinium OmniExpress-24 bead chips (lllu-
mina). A total of 716,503 SNPs were genotyped for each individual
included in the study. The genotype data were filtered using Plink!
v1.07 [15]. Approximately 10% of the SNPs genotyped were removed
using a Hardy-Weinberg equilibrium significance threshold of 5 x 1078
and by excluding markers with a minor allele frequency lower than 1%.
Prior to the imputation, each chromosome was phased in a single run
using SHAPEIT [16]. Markers from Phase 3 October 2014 of the 1000
Genomes [17] were imputed into the 2024 chip-typed individuals using
the IMPUTE2 software [18] with a posterior probability of 0.9 as a
threshold to call genotypes. The set of genotypes were tested for popu-
lation heterogeneity using principal component analysis in the ADMIX-
TURE software [19], and the results were consistent with a
homogeneous population.

A total of 24,295,558 markers were generated by imputation for each
individual in the study. Quality control for the imputation results was
performed by removing markers with minor allele frequency less than
1%, call rate of 0.95 and info of 0.8. In total, 8,506,022 markers met
the filtering criteria. An association test was performed between the 8.5
million imputed markers and a phenotype represented by positive
biopsy for prostate cancer. The association test was calculated using
SNPTEST [20], using a single binary variable as a response; all reported
P-values are two-sided.

Selection of SNPs for replication of previous
findings

A systematic literature review of variants associated with prostate can-
cer from previous GWAS’ was completed on 4 October 2016 using the
NHGRI catalogue of published genome-wide association studies [21] as
a starting point. A search query with ‘prostate cancer’ as a keyword
was performed, and the inclusion criteria for selection were as follows:
P-values <5 x 1078 and a minor allele frequency above 5%. For each
study, the following variables were collected: country and ethnicity of
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Table 1 Description of the Romanian case-control population

% cases (n = 990)

% controls (n = 1034)

Table 1. Continued

% cases (n = 990)

% controls (n = 1034)

Age PSA levels
under 50 0.3 155 <4 42 -
50-60 1 20.1 4.0-9.99 18 -
60-70 355 26.8 9.99-19.99 12 -
70-80 44 31.2 19.99-49.99 9.5 -
80-90 15 6.1 49.99-99.99 6.7 -
Over 90 0.2 0.1 >100 9.3 =
T Staging NA 15 _
1A 2.3 - %cases (n = 979) %controls (n = 1030)
1B 11 _ Alcohol consumptions
e 15.6 - No 43.4 451
oA 17 5 Yes 56.6 54.9
28 1) a % cases (n = 975) % controls (n = 1022)
20 4.0 = Smoking
3A 43.8 - No 88.1 81.9
3B 6.06 = Yes 11.9 19.1
4 23.3 -
% cases (n = 979) % controls (n = 1023)
Gleason Score
BMI
2 0.2 - :
Underweight 1.5 0.5
3 0.3 - .
Normal weight 37.5 315
4 1 -
Overweight 45.6 47.7
5 33 B Obese 15.1 20.3
6 13.2 -
7 451 _ the participants, genotyping method, source of controls and source of
replication cohort, and number of cases and controls in both discovery
8 203 - and replication study.
N Stagin A total of 37 articles were originally obtained from the GWAS cata-
ging logue based on the keyword search. Twelve of the studies reported
NO 215 _ results only tangentially related to prostate cancer, while the remaining
25 studies reported associations with prostate cancer risk. After remov-
N1 3.2 - ing duplicate markers, we obtained 173 unique markers. Out of the
" 753 173, 58 markers did not report either ORs and corresponding 95% Cl
5 : B or the tested allele. These markers were excluded from the study,
M Staging resulting in a final set of 115 unique variants used in our replication.
Mo 22 -
» " ) Results
Mx 68 = To search for new susceptibility loci for prostate cancer, we tested a
total of 8.5 million variants of frequency above 1%. No variants tested
1576 © 2017 The Authors.
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in the Romanian GWAS reached genome-wide significance (P-value
lower than 5 x 10*3), while 635 markers showed association
P-values <1 x 10~ (Supplementary Table 1) and 41 markers, at 16
genetic loci, showed association P-values <1 x 107°. Figure 1
shows a Manhattan plot of the results. The 16 markers with the low-
est P-values at each locus are shown in Table 2. We observe no
excess signal in the Q-Q plot when testing all marker (Fig. 2A); the
observed P-values (blue line) show a comparable trend to the
expected P-values (the red line).

Next, we tested the effect of 115 previously reported PCA variants
in the Romanian population. Thirty SNPs from 13 loci replicated in the
Romanian cohort (P-value <0.05) (Table 3). Eighty-nine (77%) of the
markers selected in the systematic literature review show effects con-
sistent with reported studies although the P values were not <0.05. We
observe an excess of signal in the Q-Q plot when restricted to this set
of previously reported variants (Fig. 2B); the observed P-values (blue
line) show a steeper slope than the expected P-values (the red line).

Replication, or lack thereof, allows us to refine association signals
and rule out associations due to differences in phenotype definitions
between cohorts. Compared to the original studies, replication studies
may use cohorts with slightly different ethnic and pathologic charac-
teristic. Differences in ethnic characteristics lead to differences in LD
structure and consequently markers that were previously found to be
correlated with a risk variant may not show an association in a popu-
lation of different ethnicity. We determined whether the effects of the
115 reported SNPs are similar in the Romanian population as in the
discovery cohorts, by conducting a weighted linear regression, mod-
elling the relationship between the log-odds ratio of each of the 115
SNP (Fig. 3). We observed a highly significant correlation of
R =0.66 (P-value = 5 x 107%) for the 115 markers represented by
the grey (non-replicating) and orange (replicating) dots. Most mark-
ers are near the diagonal, indicating that the effect in the Romanian
population is similar to that previously reported.

J. Cell. Mol. Med. Vol 22, No 3, 2018

The locus showing the strongest replication in the Romanian GWAS
is 8g24 represented by 12 variants with P-values ranging from
2 x 107 to 4 x 1072 These 12 SNPs are in high LD (average
R? = 0.81) clustering in a 500 kb region, all representing the same
association signal. The closest gene to this locus is the MYC gene. The
locus showing the second strongest replication in Romania is 11q13.3
located close to the MYEVO gene [20]. This locus is represented by 4
SNPs with P-values between 2.7 x 10* and 2.1 x 1072 All four
SNPs are in high LD (R >0.93) clustering in a 10KB region and repre-
sent the same association signal. This locus was previously reported to
associate with early-onset PCA [22]. We assessed the association with
early-onset PCA in the Romanian cohort using the same criteria as in
the original study, but could not replicate this result (P= 0.41,
OR = 0.81), possibly due to lack of power in our set of 128 early-onset
PCA cases. The locus showing the third strongest replicated associa-
tion in the Romanian results is 6¢25.3, represented by a pair of mark-
ers (rs7758229 P=1.5 x 1073 and rs9364554 P= 4.7 x 1074 in
strong LD (R? > 0.78). The markers are located in the proximity of
SLC22A3, a gene that has been implicated in prostate cancer pathogen-
esis [23]. The 1712 locus was replicated by a pair of markers in high
LD (rs8064454 P=3.1 x 107° and rs4430796 P=15 x 1072,
R? > 0.96) clustering in a 5KB region next to the HNF1B gene, repre-
senting the same association signal.

Discussion

Genetic epidemiology straddles between statistically driven research
and research inspired by clinical needs. Genome-wide association
studies have successfully yielded loci associated with PCA risk; how-
ever, none of the variants at these loci conclusively separate aggres-
sive from indolent disease. Most previous GWAS’ investigating PCA
are based on cohorts including indolent cancer forms, including

Fig. 1 Manhattan plot of GWAS findings in
the Romanian sample. Y-axis shows —
log10 P-values and x-axis shows chromo-
somal position.

~logsa(P)
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Table 2 The variants in the Romanian GWAS with lowest P-values for each locus MAF = Minor Allele Frequency

RS ID Chromosome Position Reference allele Tested allele Info MAF* (%) OR P-value
rs55960139 13 95288608 T C 0.93 22.3 1.45 1.83 x 10~/
rs146493482 16 8002169 C T 0.93 2.4 2.86 8.25 x 1077
rs17467679 2 16133863 A G 1 37.8 0.74 9.48 x 1077
rs35890542 4 177243229 A G 1 6.6 0.54 1.67 x 1078
rs187936586 11 21614186 T C 0.88 2.4 0.38 350 x 10°°
rs13111983 4 710801 T G 0.91 271 0.74 4.08 x 10°°
rs1383 14 73129765 T A 0.83 234 1.36 418 x 10°°
rs6834053 4 127918594 C A 0.93 3.9 2.14 470 x 10°°
rs35544574 13 37172379 CAA C 0.95 9.2 1.6 472 x 10°°
rs74437803 22 17089228 G A 0.81 8.4 0.63 5.60 x 10°°
rs71751677 16 11314438 GTGTTT G 0.86 48.7 0.78 6.16 x 10°°
rs201872456 2 115129517 C G 0.8 17.3 1.38 6.59 x 10°°
rs183478269 1 161032417 C 0.82 1.5 3.08 6.97 x 10°°
rs13253942 8 126154649 G A 1 9.5 1.63 7.93 x 10°°
rs148921321 8 76468497 C T 0.93 2.1 0,31 8.67 x 10°°
rs133917 22 44524314 C T 0.81 47.3 1.27 8.89 x 10°°
A @Q-Q plot of GWAS P-values B @-Q plot of replicated GWAS P-values

124 124

104 10 4

8 8 -
g g
§ H
3 8

2 47 . .

w".‘.
> l : : ) : . ; . ) 2 . . : . ;

Expected —log;o(P)

Expected —logo(P)

Fig. 2Q-Q plot of the association results. Blue dots show observed P-values, and red line shows expected P-values. (A) Shows results from
genome-wide analysis; (B) Shows results when restricted to GWAS catalogue markers.

cases with low stage and grade. In an attempt to search for loci of
clinical importance, the present study focused on refining associa-
tions in men with clinical presentations and not those identified
solely by an elevated PSA. More than 70% of the cases included in
our study presented with a Gleason score equal to or greater than 7,
and a majority were staged at T3 and T4. This is a clear indication of
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aggressiveness of the tumours; therefore, the replicated variants are
likely to represent associations with clinically significant disease
although they may also associate with the indolent form of the
disease.

At least two studies of similar size have been performed including
clinically advanced cases [24, 25]. In both studies, the patients had

© 2017 The Authors.
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Table 3 Previously reported PCa risk markers that associated with PCa risk in the Romanian population with P value < 0.05

Rs Number Chr Position 0R (95% Cl) P-value Tested allele Mapped gene eQTL genes
rs636291 1 10496040 1.19 (1.05, 1.35) 8 x 10°° PEX14 PEX14, PGD, APITD1
rs1218582 1 154861707 1.13 (1.01, 1.26) 4 x 1072 KCNN3 KCNN3, PBXIP1
rs7611694 3 113556777 1.14 (1.01, 1.29) 3 x 1072 SIDT1 SIDT1, WDR52
rs7679673 4 105140377 1.15 (1.02, 1.29) 2 x 1072 TET2 PPA2

rs2242652 5 1279913 1.23 (1.06, 1.42) 5x 10°% TERT -

1s7725218 5 1282299 1.21 (1.09, 1.36) 7 x 1074 TERT CTD-2228K2.7
19364554 6 160412632 1.28 (1.11, 1.47) 4 x 107* SLC22A3 SLC22A3

rs7758229 6 160419220 1.23 (1.08, 1.40) 1 x 1078 SLC22A3 SLC22A3

rs1016343 8 127081052 1.30 (1.13, 1.50) 2 x 1074 PCAT2, PRNCR1 -

rs13254738 8 127092098 1.13 (1.01, 1.28) 4 x 1072
rs12682344 8 127094539 1.58 (1.13, 2.20) 7 x 1078

PCAT2, PRNCR2 -
PCAT2, PRNCR3 -
rs6983561 8 127094635 1.58 (1.13, 2.21) 7 x 1078
rs16901979 8 127112671 1.58 (1.13, 2.21) 7 x 1078

PCAT2, PRNCR4 -
PCAT2, PRNCR5 -

rs10505483 8 127112950 1.58 (1.13, 2.21) 7 x10°% PCAT2, PRNCR6 -

rs445114 8 127310936 1.23 (1.09, 1.39) 1 x 1073 PCAT2, PRNCR7 -
rs6983267 8 127401060 1.16 (1.03, 1.31) 1 x 1072 PCAT2, PRNCR8 CASC8
rs1447295 8 127472793 1.35 (1.11, 1.64) 3x107° PCAT2, PRNCR9 -
rs4242382 8 127505328 1.33 (1.10, 1.62) 3x10°° PCAT2, PRNCR10 -
rs4242384 8 127506309 1.33 (1.10, 1.62) 3x10°° PCAT2, PRNCR11 -

rs10090154 8 127519892 1.32 (1.09, 1.60) 4 x10°°
rs11228565 11 69211113 1.19 (1.03, 1.38) 2 x 1072

PCAT2, PRNCR12 -
MMP7, MMP20 -
rs7929962 11 69218116 1.25 (1.11, 1.40) 3x107*
rs7931342 11 69227030 1.23 (1.09, 1.39) 6 x 107

MMP7, MMP20 RP11-554A11.9
MMP7, MMP20 RP11-554A11.9
rs10896449 11 69227200 1.24 (1.10, 1.40) 3x 1071
rs11568818 11 102530930 1.19 (1.05, 1.34) 5x 1078

MMP7, MMP20 RP11-554A11.9
MMP7, MMP20 MMP7

(@] = el @) el o= e ) [Bea o= el | (e o (eI @p) (el | e | el <5 [Bepl o= epll| o=

rs10875943 12 49282227 1.16 (1.02, 1.32) 3 x 1072 TUBA1C FKBP11, LMBRI1L,
TUBA1C, C1QL4,

RP11-386G11.10

rs4430796 17 37738049 1.16 (1.03, 1.31) 2 x 1072 A HNF1B -
rs8064454 17 37741595 1.20 (1.06, 1.35) 3x 1078 C HNF1B -
rs2735839 19 50861367 1.20 (1.01, 1.42) 3 x 1072 G KLK3 -
rs5759167 22 43104206 1.21 (1.08, 1.36) 1 x107° G BIK -

less advanced clinical characteristics than the Romanian cohort. In  clinically well-defined population, no variants tested in the Romanian
both studies, fewer than 50% of cases presented with stage T3 and  GWAS reached genome-wide significance (P-value lower than
T4 or Gleason score equal to or higher than 7 [24, 26]. Despite the 5 x 1078). The GWAS Q-Q plot (Fig. 2A) and the lack of novel
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genome-wide significant results suggest that our data set is under-
powered to detect genome-wide significant associations on its own.

Although only 30 of the 115 previously reported markers showed
P-values < 0.05, the effects of additional 59 markers were consistent
with the reported results. The ‘winner’s curse’, the observation that
effect sizes are often larger in the populations in which they are dis-
covered, may be one reason why some SNPs failed to replicate, and
why ORs were generally smaller in our cohort than previously found
[27]. Previous studies have shown the utility of including functional
evaluation, in an attempt to identify candidate risk loci below currently
accepted statistical levels of genome-wide significance [28]. Func-
tional characterization of the variants described here remains to be
done. However, the GTEx database [29] suggests that some of the
markers may influence gene expression.

It is interesting to note that many of the variants showing the
strongest replication in the Romanian population reside at loci that
have been associated with several cancer types, so-called cancer
hubs. The locus showing the strongest replication P-value
(2 x 107% in the Romanian GWAS is 8q24, one of the first hotspots
for cancer risk alleles reported. In addition to PCA, the locus was pre-
viously reported to associate with breast cancer [30], colorectal can-
cer [31, 32], ovarian cancer [33], pancreatic cancer [34], renal cell
carcinoma [35], urinary bladder cancer [36] and Hodgkin’s lymphoma
[37]. The closest genes to this locus is the MYC gene.

A similar situation is found in the case of 11q13.3, a locus associ-
ated with breast cancer [38, 39] and early-onset breast cancer [40],
renal cell carcinoma [41] and multiple myeloma [42], in addition to
PCA [43, 44] and early-onset PCA [22].

Yet, another locus replicating in our study that is associated with
several types of cancer is the TERT locus at 5p15.33. Variants at this
locus have been associated with risk of lung cancer [45], pancreatic

1580

Pval for Romanian OR
© P<005
O P>0.05

Fig. 3 Scatter plot showing the association
of the 115 previously reported SNPs with
PCA [log(OR)] in the Romanian data set
(x-axis) and in reported articles (y-axis).

cancer [46], breast cancer [47], testicular cancer [48] and bladder can-
cer [49]. The two markers replicated in this region, rs2242652 and
rs7725218, are both located in the intron region of the TERT gene, a
gene known to be involved in the activation of oncogenic pathways.

Our study provides evidence that a large fraction of previously val-
idated prostate cancer SNPs associate with risk in the unscreened
Romanian population. These variants are likely to have clinical impor-
tance and can be considered for inclusion in future risk models of
potential clinical utility.

Acknowledgements

This study was funded in part by the European Union FP7 Program (ProMark
project 202059) and by the EEA grant (ROMCAN project RO14-0017; EEAJRP-
RO-N0-20131-10191).

The data set described in this paper can be accessed by request from Dana
Mates (dmates@gmail.com).

Conflict of interest

The authors confirm that there are no conflicts of interest.

Supporting information

Additional Supporting Information may be found online in the
supporting information tab for this article:

Table $1 Variants with P-values <1 x 10~*.

© 2017 The Authors.

Journal of Cellular and Molecular Medicine published by John Wiley & Sons Ltd and Foundation for Cellular and Molecular Medicine.



References

1.

Ferlay J, Soerjomataram I, Dikshit R, ef al.
Cancer incidence and mortality worldwide:
sources, methods and major patterns in
GLOBOCAN 2012. Int J Cancer. 2015; 136:
E359-86. https://doi.org/10.1002/ijc.29210.
Ferlay J, Steliarova-Foucher E, Lortet-Tieu-
lent J, ef al. Cancer incidence and mortality
patterns in Europe: estimates for 40 coun-
tries in 2012. Eur J Cancer. 2013; 49: 1374-
403. https:/doi.org/10.1016/j.ejca.2012.12.
027.

Bray F, Lortet-Tieulent J, Ferlay J, ef al.
Prostate cancer incidence and mortality
trends in 37 European countries: an over-
view. Eur J Cancer. 2010; 46: 3040-52.
https://doi.org/10.1016/j.ejca.2010.09.013.
Ferlay J, Shin H-R, Bray F, ef al. Estimates
of worldwide burden of cancer in 2008: GLO-
BOCAN 2008. Int J Cancer. 2010; 127: 2893
917. https://doi.org/10.1002/ijc.25516.
Schroder FH, Hugosson J, Roohol MJ,
et al. Screening and prostate cancer mortal-
ity: results of the European Randomised
Study of Screening for Prostate Cancer
(ERSPC) at 13 years of follow-up. Lancet.
2014; 384: 2027-35. https://doi.org/10.
1016/S0140-6736(14)60525-0.

Gomella LG, Liu XS, Trabulsi EJ, ef al.
Screening for prostate cancer: the current
evidence and guidelines controversy. Can J
Urol. 2011; 18: 5875-83.

Attard G, Parker C, Eeles RA, et al. Prostate
cancer. Lancet. 2016; 387: 70-82. https://d
0i.0rg/10.1016/S0140-6736(14)61947-4.
Mucci LA, Hjelmborg JB, Harris JR, et al.
Familial risk and heritability of cancer among
twins in Nordic Countries. JAMA. 2016; 315:
68. https://doi.org/10.1001/jama.2015.17703.
Eeles RA, Olama AA, Benlloch S, ef al.
Identification of 23 new prostate cancer sus-
ceptibility loci using the iCOGS custom
genotyping array. Nat Genet. 2013; 45: 385—
91, 391-2. https://doi.org/10.1038/ng.2560.
Gudmundsson J, Besenbacher S, Sulem P,
et al. Genetic correction of PSA values
using sequence variants associated with
PSA levels. Sci Trans! Med. 2010; 2: 62ra92.
Bara A-C, van den Heuvel WJA, Maarse
JAM. Reforms of health care system in
Romania. Croat Med J. 2002; 43: 446-52.
Jinga V, Csiki IE, Manolescu A, ef al. Repli-
cation study of 34 common SNPs associated
with prostate cancer in the Romanian popu-
lation. J Cell Mol Med. 2016; 20: 594-600.
https://doi.org/10.1111/cmm.12729.

© 2017 The Authors.
Journal of Cellular and Molecular Medicine published by John Wiley & Sons Ltd and Foundation for Cellular and Molecular Medicine.

13.

14,

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

Waidelich R, Bumbu G, Raica M, ef al.
Screening for prostate cancer in Romania.
Int Urol Nephrol. 2011; 34: 503-5.

Mohler J, Bahnson RR, Boston B, et al.
NCCN clinical practice guidelines in oncol-
ogy: prostate cancer. J Natl Compr Canc
Netw. 2010; 8: 162-200.

0°Connell J, Gurdasani D, Delaneau O,
et al. A general approach for haplotype phas-
ing across the full spectrum of relatedness.
PLoS Genet. 2014; 10: e1004234. https://doi.
org/10.1371/journal.pgen.1004234.
Delaneau 0, Howie B, Cox AJ, et al. Haplo-
type estimation using sequencing reads. Am
J Hum Genet. 2013; 93: 687-96. https:/doi.
org/10.1016/j.ajhg.2013.09.002.

Auton A, Abecasis GR, Altshuler DM, ef al.
A global reference for human genetic varia-
tion. Nature. 2015; 526: 68-74. https://doi.
org/10.1038/nature15393.

Howie BN, Donnelly P, Marchini J, et al. A
flexible and accurate genotype Imputation
Method for the Next Generation of Genome-
Wide Association Studies. Schork NJ, ed.
PLoS Genet. 2009; 5: €1000529. https://doi.
0rg/10.1371/journal.pgen.1000529.
Alexander DH, Novembre J, Lange K. Fast
model-based estimation of ancestry in unre-
lated individuals. Genome Res. 2009; 19:
1655-64. https://doi.org/10.1101/gr.094052.
109.

Marchini J, Howie B. Genotype imputation
for genome-wide association studies. Nat
Rev Genet. 2010; 11: 499-511. https://doi.
org/10.1038/nrg2796.

Welter D, MacArthur J, Morales J, ef al.
The NHGRI GWAS Catalog, a curated
resource of SNP-trait associations. Nucleic
Acids Res. 2014; 42: D1001-6.

Lange EM, Johnson AM, Wang Y, et al.
Genome-wide association scan for variants
associated with early-onset prostate cancer.
PLoS ONE. 2014; 9. https://doi.org/10.1371/
journal.pone.0093436.

Grisanzio C, Werner L, Takeda D, et al.
Genetic and functional analyses implicate
the NUDT11, HNF1B, and SLC22A3 genes in
prostate cancer pathogenesis. Proc Nat/
Acad Sci USA. 2012; 109: 11252-7.
https://doi.org/10.1073/pnas.1200853109.
Sun J, Zheng SL, Wiklund F, efal.
Sequence variants at 22913 are associated
with prostate cancer risk. Cancer Res. 2009;
69: 10-6. https://doi.org/10.1158/0008-
5472.CAN-08-3464.

J. Cell. Mol. Med. Vol 22, No 3, 2018

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

Schumacher FR, Berndt SI, Siddiq A, ef al.
Genome-wide association study identifies
new prostate cancer susceptibility loci. Hum
Mol Genet. 2011; 20: 3867-75. https:/doi.
0rg/10.1093/hmg/ddr295.

Tao S, Wang Z, Feng J, ef al. A genome-
wide search for loci interacting with known
prostate cancer risk-associated genetic vari-
ants. Carcinogenesis. 2012; 33: 598-603.
https://doi.org/10.1093/carcin/bgr316.
Hoffmann TJ, Van Den Eeden SK, Sakoda LC,
et al. A large multi-ethnic genome-wide asso-
ciation study of prostate cancer identifies novel
risk variants and substantial ethnic differences.
Cancer Discov. 2015; 5: 878. https://doi.org/
10.1158/2159-8290.cd-15-0315.

Stegeman S, Amankwah E, Klein K, ef al. A
large-scale analysis of genetic variants
within putative miRNA binding sites in pros-
tate cancer. Cancer Discov. 2015; 5: 368—
79.

GTEx Consortium TGte. The genotype-tissue
expression (GTEx) project. Nat Genet. 2013;
45: 580-5. https://doi.org/10.1038/ng.2653.
Easton DF, Pooley KA, Dunning AM, ef al.
Genome-wide association study identifies
novel breast cancer susceptibility loci. Nat-
ure. 2007; 447: 1087-93. https://doi.org/10.
1038/nature05887.

Tomlinson I, Wehb E, Carvajal-Carmona L,
et al. A genome-wide association scan of
tag SNPs identifies a susceptibility variant
for colorectal cancer at 8q24.21. Nat Genet.
2007; 39: 984-8. https://doi.org/10.1038/
ng2085.

Zanke BW, Greenwood CM, Rangrej J,
et al. Genome-wide association scan identi-
fies a colorectal cancer susceptibility locus
on chromosome 8q24. Nat Genet. 2007; 39:
989-94. https://doi.org/10.1038/ng2089.
Goode EL, Chenevix-Trench G, Song H,
et al. A genome-wide association study
identifies susceptibility loci for ovarian can-
cer at 2q31 and 8q24. Nat Genet. 2010; 42:
874-9. https://doi.org/10.1038/ng.668.
Wolpin BM, Rizzato C, Kraft P, ef al. Gen-
ome-wide association study identifies multi-
ple susceptibility loci for pancreatic cancer.
Nat Genet. 2014; 46: 994-1000. https:/doi.
0rg/10.1038/ng.3052.

Gudmundsson J, Sulem P, Gudbjartsson
DF, et al. A common variant at 8g24.21 is
associated with renal cell cancer. Nat Com-
mun. 2013; 4. https://doi.org/10.1038/nc
omms3776.

1581


https://doi.org/10.1002/ijc.29210
https://doi.org/10.1016/j.ejca.2012.12.027
https://doi.org/10.1016/j.ejca.2012.12.027
https://doi.org/10.1016/j.ejca.2010.09.013
https://doi.org/10.1002/ijc.25516
https://doi.org/10.1016/S0140-6736(14)60525-0
https://doi.org/10.1016/S0140-6736(14)60525-0
https://doi.org/10.1016/S0140-6736(14)61947-4
https://doi.org/10.1016/S0140-6736(14)61947-4
https://doi.org/10.1001/jama.2015.17703
https://doi.org/10.1038/ng.2560
https://doi.org/10.1111/jcmm.12729
https://doi.org/10.1371/journal.pgen.1004234
https://doi.org/10.1371/journal.pgen.1004234
https://doi.org/10.1016/j.ajhg.2013.09.002
https://doi.org/10.1016/j.ajhg.2013.09.002
https://doi.org/10.1038/nature15393
https://doi.org/10.1038/nature15393
https://doi.org/10.1371/journal.pgen.1000529
https://doi.org/10.1371/journal.pgen.1000529
https://doi.org/10.1101/gr.094052.109
https://doi.org/10.1101/gr.094052.109
https://doi.org/10.1038/nrg2796
https://doi.org/10.1038/nrg2796
https://doi.org/10.1371/journal.pone.0093436
https://doi.org/10.1371/journal.pone.0093436
https://doi.org/10.1073/pnas.1200853109
https://doi.org/10.1158/0008-5472.CAN-08-3464
https://doi.org/10.1158/0008-5472.CAN-08-3464
https://doi.org/10.1093/hmg/ddr295
https://doi.org/10.1093/hmg/ddr295
https://doi.org/10.1093/carcin/bgr316
https://doi.org/10.1158/2159-8290.cd-15-0315
https://doi.org/10.1158/2159-8290.cd-15-0315
https://doi.org/10.1038/ng.2653
https://doi.org/10.1038/nature05887
https://doi.org/10.1038/nature05887
https://doi.org/10.1038/ng2085
https://doi.org/10.1038/ng2085
https://doi.org/10.1038/ng2089
https://doi.org/10.1038/ng.668
https://doi.org/10.1038/ng.3052
https://doi.org/10.1038/ng.3052
https://doi.org/10.1038/ncomms3776
https://doi.org/10.1038/ncomms3776

36.

37.

38.

39.

40.

1582

Kiemeney LA, Thorlacius S, Sulem P, ef al.
Sequence variant on 8q24 confers suscepti-
bility to urinary bladder cancer. Nat Genet.
2008; 40: 1307-12. https://doi.org/10.1038/
ng.229.

Enciso-Mora V, Broderick P, Ma Y, ef al. A
genome-wide association study of Hodgkin’s
lymphoma identifies new susceptibility loci
at 2p16.1 (REL), 8g24.21 and 10p14
(GATA3). Nat Genet. 2010; 42: 1126-30.
https://doi.org/10.1038/ng.696.
Michailidou K, Hall P, Gonzalez-Neira A,
et al. Large-scale genotyping identifies 41
new loci associated with breast cancer risk.
Nat Genet. 2013; 45: 353-61. https:/doi.
0rg/10.1038/ng.2563.

Turnbull C, Ahmed S, Morrison J, ef al.
Genome-wide association study identifies
five new breast cancer susceptibility loci.
Nat Genet. 2010; 42: 504-7. https:/doi.org/
10.1038/ng.586.

Ahsan H, Halpern J, Kibriya MG, ef al. A
genome-wide association study of early-
onset breast cancer identifies PFKM as a
novel breast cancer gene and supports a
common genetic spectrum for breast cancer

41.

42.

43.

44.

45.

at any age. Cancer Epidemiol Biomarkers
Prev. 2014; 23: 658-69. https://doi.org/10.
1158/1055-9965.EPI-13-0340.

Purdue MP, Johansson M, Zelenika D,
et al. Genome-wide association study of
renal cell carcinoma identifies two suscepti-
bility loci on 2p21 and 11q13.3. Nat Genet.
2011; 43: 60-5. https://doi.org/10.1038/ng.
723.

Weinhold N, Johnson DC, Chubb D, ef al.
The CCND1 ¢.870G>A polymorphism is a
risk factor for t(11;14)(q13;q32) multiple
myeloma. Nat Genet. 2013; 45: 522-5.
https://doi.org/10.1038/ng.2583.

Eeles RA, Kote-jarai Z, Giles GG, et al.
Multiple newly identified loci associated with
prostate cancer susceptibility. Nat Genet.
2008; 40: 316-21. https://doi.org/10.1038/
ng.90.

Thomas G, Jacobs KB, Yeager M, ef al.
Multiple loci identified in a genome-wide
association study of prostate cancer. Nat
Genet. 2008; 40: 310-5. https://doi.org/10.
1038/ng.91.

Landi MT, Chatterjee N, Yu K, efal. A
genome-wide association study of lung

46.

47.

48.

49.

cancer identifies a region of chromosome
5p15 associated with risk for adenocar-
cinoma. Am J Hum Genet. 2009; 85: 679
91.  https://doi.org/10.1016/j.ajhg.2009.09.
012.

Petersen GM, Amundadottir L, Fuchs CS,
et al. A genome-wide association study
identifies pancreatic cancer susceptibility
loci on chromosomes 13q22.1, 1932.1 and
5p15.33. Nat Genet. 2010; 42: 224-8.
https://doi.org/10.1038/ng.522.

Haiman CA, Chen GK, Vachon CM, ef al. A
common variant at the TERT-CLPTM1L
locus is associated with estrogen receptor—
negative breast cancer. Nat Genet. 2011; 43:
1210-4. https://doi.org/10.1038/ng.985.
Turnbull C, Rapley EA, Seal S, ef al. Vari-
ants near DMRT1, TERT and ATF7IP are
associated with testicular germ cell cancer.
Nat Genet. 2010; 42: 604-7. https://doi.org/
10.1038/ng.607.

Rafnar T, Sulem P, Stacey SN, ef al.
Sequence variants at the TERT-CLPTM1L
locus associate with many cancer types. Nat
Genet. 2009; 41: 221-7. https://doi.org/10.
1038/ng.296.

© 2017 The Authors.

Journal of Cellular and Molecular Medicine published by John Wiley & Sons Ltd and Foundation for Cellular and Molecular Medicine.


https://doi.org/10.1038/ng.229
https://doi.org/10.1038/ng.229
https://doi.org/10.1038/ng.696
https://doi.org/10.1038/ng.2563
https://doi.org/10.1038/ng.2563
https://doi.org/10.1038/ng.586
https://doi.org/10.1038/ng.586
https://doi.org/10.1158/1055-9965.EPI-13-0340
https://doi.org/10.1158/1055-9965.EPI-13-0340
https://doi.org/10.1038/ng.723
https://doi.org/10.1038/ng.723
https://doi.org/10.1038/ng.2583
https://doi.org/10.1038/ng.90
https://doi.org/10.1038/ng.90
https://doi.org/10.1038/ng.91
https://doi.org/10.1038/ng.91
https://doi.org/10.1016/j.ajhg.2009.09.012
https://doi.org/10.1016/j.ajhg.2009.09.012
https://doi.org/10.1038/ng.522
https://doi.org/10.1038/ng.985
https://doi.org/10.1038/ng.607
https://doi.org/10.1038/ng.607
https://doi.org/10.1038/ng.296
https://doi.org/10.1038/ng.296

