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among ?‘ population of New Zealand men - a genotypic
approac
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Marlow", Ajit Narayanan®, and Lynnette R. Ferguson®®

Abstract: Prostate cancer is one of the most significant nealithhconcerns worldwide.
Numerous researchers carrying out molecular diagnostics have indicategeriesit
interactions with biological and behavioral factors play an importantmakeioverall risk
and prognosis of this disease. Single nucleotide polymorphismss)Si increasingly
becoming strong biomarker candidates to identify susceptilbdi prostate cancer. We
carried out a gene x environment interaction analysis linked to aggremsd non-
aggressive prostate cancer (PCa) with a number of SNPs. By this nve¢hidentified the
susceptible alleles in a New Zealand population, and examinedhtigraction with
environmental factors. We have identified a number of SNPs thatristvassociations
both with and without environmental interaction. These indicate that, rc&hNiPs have
been associated with disease vulnerability based on behaviooasfadte list of the genes
with SNPs identified as risk ofGain a New Zealand population is mentioned in the

SNPs identified significantly

pictorial abstract

associated as risk for aggressive
and non-aggressive Prostate
Cancer.
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Prostate cancer (PCa) is one of the most
significant male health concerns worldwide, due to
its high prevalence and a risk of around 1 in 6
patients developing the aggressive form of this
diseasé Understanding of the risk of the disease
becoming aggressive is important for the appropriate
management of PEaPCa may start as an indolent
disease of the prostate gland, followed by non-
castrate increase in prostate-specific antigen (PSA),
followed by a non-castrate metastatic stage and
finally progression to the lethal castration-resistant,
aggressive disease

In 2002, PCa was identified as the third-most
prevalent cancer among adult males worldide
and, after a further ten years, PCa, as the second-
most common cancer among men and the sixth
leading cause of death due to cancer among males
worldwide®. The highest recorded rate of men with
PCa, relative to the population of healthy men, is
observed in the Oceania regidn

Although a heredity aspect is known for BCa
studies have also shown that genetic interactions
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between biological and behavioral factors play asgion, New Zealand were invited to take part in this
important role in the overall risk and prognosis study between 2006- 2014 (ethics reference
PC&% Since decisions of clinical management aNTY05/06/037). Patient recruitment was carried out
also based on identifying the risk of aggressiwgth their informed consent. Initially, patients were
PC&, extensive research is being carried owdcruited within one year of diagnosis, if they have
worldwide to identify the role played by singl@ot undergone any treatment for PCa. In 2008, the
nucleotide polymorphisms (SNPs), their associatioriterion was relaxed to include all patients with
in the development and progression of PCa and thealignancies, regardless of treatment but within 1
potential use as biomarkéts>. SNPs are year of diagnosis. In September 2010, the time frame
increasingly becoming strong biomarker candidates recruitment was removed altogether. From those
to identify PCa susceptibility*4*>. Due to the that took part in this study, a total of 197 men were
increasing number of cases of PCa, identifying oitentified with aggressive PCa, and 57 hwton-

or more biomarkers for early detection and propgggressive PCa. Additionally, 369 healthy males
management of PCa to avoid disease progresdimok part in our studies (ethics reference
into the aggressive state is becoming an urgd&tY/06/07/AM04), who were considered as
priority internationally®. healthy controlsThe age of patients varied from 40-

It is recognized that one form of defense agairgt years at the time of recruitment and those with a
cancer development involves a series of gersedf-reported European ancestry were included in the
whose role is to metabolize and excrete potentiadidy.
toxic compounds and to repair subtle mistakes in
DNA such as the mismatch repair genes. Particua¢ Data collection for demography, and lifestyle
environmental exposures can exacerbate the genégiails:

influenc_e gm PCa through gene x environment gaeh patient completed a demographic and
interactiort’. lifestyle questionnaire at entry into the study. The
) questionnaire included details about the individual’s

_ This paper explores the use of SNP genotypes,fgory of smoking tobacco, consumption of alcohol,
biomarkers for aggressive PCa. Here we presentl%gy mass index (BMI) at time of recruitment, and
data obtained foI_Iowing the genotype analysis of 1§§e at diagnosis of PCa. Current smokers and
SNPs, located in 60 genes and 10 chromosom@liiduals who reported a history of smoking
locations  using  SEQUENOM  MassArrayohacco were jointly considered as smokers.
technology and the TagMan SNP genotyping The clinical history of each patient was
procedure. The cohort includes New Zealand Mgracted from hospital databases and transferred to
(of European descent) with different grades/stagegentral study database. The age at which PCa was
of PCa, and age matched male controls. We seejiiynosed in patients and the age at recruitment for
detect the association of SNPs with both aggressiNg controls were considered as age for analysis.
and non-aggressive disease as well as the influence
of external factors in risk modification. This, w@.3 Collection and processing of blood samples:
believe, is the first such study on genetic and
environmental risk association and interaction Blood samples from each volunteer were

analysis leading to aggressive PCa in a New Zeal&ﬁHeCFe.d In Vacutaln@rt.ube's (Becton D|ck|.nson).
cohort. containing Ethylene Diamine Tetra Acetic acid

(EDTA). An aliquot of the sample collected was
then used for genomic DNA extraction. Each
patient’s DNA was extracted using a QIlAamp
2.1 Sudy population: genomic DNA kit (Qiagen, Hilden, Germany)
; ) _ . following the manufacturers’ protocol with the aid
Patients with proven diagnosis for prostal 5 fully automated QlAcube (Qiagen, Hilden,
cancer from the Auckland Regional Urolog¥sermany). The DNA samples were diluted to
Registry (Auckland, Middlemore, and North Shor(,./.1 ‘as per requirement of the SEQUENOM
hospitals), and private practices in the WaikafgassARRAY iPLEX® assay protocol.

2. Materialsand Methods
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2.4 Selection of SNPs: 2.5 SNP genotyping of candidate genes:

A total of 135 SNPs, located in 66 genes a . : o
some  undefined  chromosomal Iocatior?sqs'1 SNP genotyping by Sequenom multiplexing:

(Supplementary Table 1) were identified by a Genotyping for the candidate SNPs was carried

literature search of the published genome-wi@t in the Auckland UniServices Sequenom Facility

association studies (GWAS) for both PCa and &t Liggins Institute, Auckland, and AgResearch

aggressive form. Limited, Mosgiel, New Zealand, usingcustorh-
The PubMed database was screened €gsigned multiplex gene panel and iPlex chemistry.

research articles using key terms “prostate cancer” Genotype calling was performed using the standard

and/or “aggressive prostate cancer”, along with POst-processing calling parameters in SEQUENOM

“SNP genotyping sequenom massarray iplex”, Type 4.0 software. Each 384-well plate prepared for

and/or “genomewide association studies”. Only genotyping contained known HAPMAP control

research articles published on or after the year 2@@@nples, negative controls (Water) and repeats of

were considered for this study to maintain tis@mples used in different locations in the 384-well

current trend of research. Since the samplkate for validation of the genotyping procedure.

population for this research is of European ancestry, )

attention was given to research papers whigtp-2 SNP genotyping by TagMaassay:

reported statistically significant findings among SNP genotyping using TagM&n SNP

patients with such backgrounds genotyping (Applied Biosystems) was carried out on
The research team has also used their o#rpanel of genes. The primers used were either

knowledge and discretion regarding which SNPsdtained pre-designed from Applied Biosystems or

be genotyped using SEQUENOM MassARRAVYere custom-made using Assay-by-Design service

iPLEX® assay, or the TagMan SNP genotypingy ABI7'%18 The protocol provided by the

assay. Various metabolic pathways such as selenighufacturers (Applied Biosystems) was used to

metabolism and androgen metabolism pathway Wekgry out the SNP genotypifif8,

included, for instance, as was, screening for

chromosomal regions such as 8qg24, 10q11, 17q12,

and Xpll all known for PCa risk association.

Additionally certain putative oncogenes such 2% Collection of clinical characteristics of

MYEOV (Myeloma Overexpressed), and DNA patients:

hmolrs;gc’:l)tgchl).regg Irwglf n:: (:S;riginagéﬂis ('\\/AviLtﬁhL The total serum PSA level and Gleason score of
established role in the PSA metaboli:‘{he tumour at biopsy or post-surgery or both were
pathway1®® were also considered in thigl)talned from_the patients’ clinical records at t_he
assessment Rime of recruitment or subsequent to recruitment.
: Post-surgery Gleason score was given priority over

bigpsy Gleason score. Staging data was collected

Our_ approach uses genome wide aSSOC|_at|f%1m clinical records during the years 2013- 2014,
analysis (GWA) to provide a comprehensweout was not available for all the patients
evaluation of multiple genes with polymorphisms '

that interact in the same pathvigyin line with
proposals made by Hsimgjal., (2008}° and Kwon : ) .
et al., (2012% who claim that studies on GWAA  The aggressiveness of PCa for this study is
are a better way to study multifactorial diseases sig@fed on the classification used by the American
as PCa. Also, Hsingt al., (2008), have suggested)rological Associatioft and first proposed by
that research pertaining to the AR pathway sholgAmico et al. (1998) for defining high-risk or
include co-regulators along with important geneaggressive PCa as clinical T stage >T2c, or Gleason
involved in  androgen  metabolism  angcore =8, or serum PSA level >20ng/mF?.
biosynthesi¥. A similar approach was followed in . )

our selection of genes with the SNPs studied beldwf Satistical analysis:

2.7 Définition of aggressiveness:

This journal is © The Royal Society of Chemistry 20xx J. Name., 2013, 00, 1-3 | 3



2.8.1 SNP data cleaning: statistically to be significantly associated with PCa
A total of 39 SNPs were removed from the lisisk by other researchét€”?® variations that
before data analysis after checking the genotype d@monstrated significant association to risk of PCa
compliance with Hardy Weinberg Equilibriumbefore BONF and BH-FDR were considered for

(HWE) and in order to avoid linkage disequilibriundiscussion in our study.

using PLINKZ® 13 SNPs were reduced for not

complying with HWE and an additional 26 SNP2.8.2 Significance of demographic factors:

were removed for being in linkage. The entire list of The variation of lifestyle characteristics

the SNPs removed from the final analyses is coloyiyyeen pathology was tested using the Fisher exact
coded in the Supplementary table 1. We therefqgg;

analysed the data using a reduced list of 99 SNPs. The BMI data were not normally distributed:

Analysis of the data for SNP association Wiherefore comparisons between pathologies were
PCa based on aggressiveness and genecaiied out using the Mann Whitney test.
environment interaction for risk of PCa were both
carried out using PLINK- a tool set for whole 8.3 Gene-environment interaction for risk of PCa:
genome associatidh Correction for multiple

testing was applied to significance value wheL%: The covariates included the three environmental

tors of- BMI record, tobacco smoking and
alcohol consumption history. Also three genotypic
models: additive (ADD), dominant deviation
2.8.2 SNP association analysis for risk of ProstatéPOMDEV), and generak df joint test of both
Cancer: additive and dominant deviati¢gGENO_2DF) were
o o enerated. An additive model represents the additive

A structured association appro?ch similar to tgﬁeets of SNPs i.e., the effect of each additional
one proposed by Aryet al., in 2009°, working on inor allele as represented by the direction of the
rheumatoid arthritis, was followedhis providesa regression coefficient. For example, a positive
simple but powerful method, to detect populatiq@qression coefficient indicates that the minor allele
Strat'f'%gtz'é)zrg' and is implemented in G, creases risk. A DMDEV model represents a
PLINK L . ) separate test of the dominance component, and a

PLINK's clustering approach is based on thenera| model represents the joint test of both ADD
genome-wide average proportion of alleles shargqy poMDEV components. However, in contrast to
identical-by-state (IBS) between two individualg yominance model, ADD refers to a variable coded
SNPs, l.€., parnng up the SNPs based on genglig,ch a way (0, 1, O for three genotypes AA, Aa,
identity”’. The IBS clustering is used to test whethehy that it represents the dominance deviation from
the SN of two individuals belong to the sameygitivity without specifying whether a particular
population. Following the stratification analysis, Wg|jeje is dominant or recessive. Effects of genotype
performed a standard case-control association teSt.ironmental (BMI, tobacco smoking and

using a Cochran-Mantel-Haenszel statistic (1 gfoho| consumption) interactions was tested and
(degree of freedom)) that tests for SNP-dlseaé;'emua”y corrected for.
association conditional on the clustering. This
accounts for stratification effects, as has been
reported by Aryeet al. (2009§°. 3. Results
To avoid the possibility of false positives with
multiple SNP testing, statistical significance wak1 Gene x -environment effects and prostate
restricted by the most conservative Bonferrogancer riskin a New Zealand population:
correction (BONF) along with the less conservative

Benjamini and Hochberg false discovery rate (BH- '_I'_he tables show the results of the statisticall_y

FDR) for multiple testing corrections. The comple ignificant SNPs associated between non-aggressive
set of results is provided in Supplementary Table 2(.:? and _healthy co_ntrols (Table 1.1), b_etween
However, as the tested SNRgre already shown patients with aggressive and non-aggressive PCa

appropriate otherwise, statistical significance w
set at p<0.05 24,

4 |Molecular Biosystems, 2016, 00, 1-3 This journal is © The Royal Society of Chemistry 20xx



(Table 1.2), and patients with aggressive PCa giicroseminoprotein Beta ) (Table 1.3)- both
healthy controls (Table 1.3), all assessed before ifnolved in the PSA metabolism pathway were
use of BONF. . understandably identified as statistically significant
The results obtained after a detailed analysisiofour study, due to their proven risk association to
the association of SNPs as risk of PCa can P€a.
broadly classified into two categories- expected, and The number of SNPs present near various genes
unique with respect to the results reported by otlessociated with obesity and diabetes mellitus such as
groups FADS? (Fatty acid desaturase 2) (table 1.3),LEP
Certain SNPs present near genes such (lasptin) (Tables 1.2 and 1.3PPAR-y (Peroxisome
MYEOV- a putative oncogene (Table 1.3)LR4 Proliferator-Activated Receptor gamma) (Table 1.3)
(Toll-like receptor 4) (Tables 1.1 and 1.2and were associated with the risk of aggressive PCa vs
MMP9 (Matrix metallopeptidase 9) (Table 1.2)- healthy controls as recorded in our analysis.
involved with the inflammatory pathway; aKdL K3
(Kallikrein-3) (Table 1.2 and 1.3) andMSVIB

Table 1.1: Statistically significant Case/Control SNP association between patients with non-aggressive prostate cancer and
healthy controls

Sl. No. SNP ID Gene name locc;aetril(e)n "gells;e: Odds Ratio | p-Value
1 rs2292884 MLPH 2q37.2 G 1.774 0.02375
2 154965373 SEPS1 15q26.3 A 1.801 0.02413
3 rs11536889 TLR4 9q33.1 C 2.198 0.02727
4 rs3735035 PODXL 7q32 C 1.572 0.03493

Table 1.2: Statistically significant Case/Control SNP association between patients with aggressive prostate cancer and non-
aggressive prostate cancer

SI. No. SNP ID Gene name lofaegsn T;ilsélej (Izjtciij p-Value
1 rs632148 SRD5A2 2p23.1 C 1.799 0.01731
2 rs887391 SLC26A6 19q13 C 1.793 0.02063
3 rs11536889 TLR4 9q33.1 G 2.303 0.02251
4 rs2292884 MLPH 2q37.2 A 1.801 0.02614
5 rs3735035 PODXL 7q32 T 1.621 0.03126
6 rs10244329 ILIEI® 7q33 T 2.062 0.03222
7 rs17632542 KLK3 19q13.33 T 3.194 0.04647
8 rs3918256 MMP9 20q13.12 A 1.555 0.04959

This journal is © The Royal Society of Chemistry 20xx J. Name., 2013, 00, 1-3 | 5



Table 1.3: Statistically significant Case/Control SNP association between patients with aggressive prostate cancer and
healthy controls

S1. No. SNP ID Gene name 1o(c;ae$n T:Séle: gi‘?j p-Value
1 rs17793693 PPAR-y 3p25 A 4534 0.000173
2 rs7931342 MYEOV | 11q13 T 1565 | 0.0007423
3 rs10896438 MYEOV | 11q133 T 14985 | 0002322
4 15887391 SLC26A6 | 19q13 c 1504 0.005094
5 rs5945619 NUDTI1 Xp11 T 1694 0.005749
6 117632542 KLK3 19q13.33 T 1998 0.008268
7 157920517 MSMB 10q11 A 1.400 0.01227
8 rs11228565 MYEOV | 11q13 G 1433 0.02189
9 1510244329 LEP 733 T 1557 0.02344
10 | rs6983561 8q24 A 1885 0.02883
11 | rs130067 CCHCR1 | 6p213 A 1383 0.03656
12 |rs2727270 FADS2 11q13 C 1525 0.04184
13 | rs12529 AKRIC3 10p15 C 1204 0.04685
14 | rs2659122 KLK3 19q13.33 A 1345 0.04748

Tables 1.1- 1.3 colour legends risk association:

Common SNPs between (Agg PCa vs Healthy Control) and (Agg PCa vs Non-Agg PCa)

Common SNPs between (Non-Agg PCa vs Healthy Control) and (Agg PCa vs Non-Agg PCa)

3.2 Pathology, BMI and lifestyle: The disease association with BMI (based on the
classification by World Health Organizatipat the

Owing to the established role of environmenttime of recruitment, tobacco smoking = status, and
or non-genetic aspects in the expression of géné&dcohol consumption (at the time of recruitment in
in PC&, we compared the variationin this study) are provided in tables 2.1 to 2.3
demographics and lifestyle factors such as afespectively. In these tables the controls are
alcohol consumption, smoking tobacco, and levéigmpared to non-aggressive and aggressive PCa
of obesity among the patients recruited for our studdgtients.

Table 2.1: The association between BMI and risk and/or aggressiveness of prostate cancer

Compared h Median Mann-
p Pathology Whitney U | p-value
groups (N & UW) | (OW & O) | Total (75™ percentile) test
Aggressive 36 161 197 27.00 (30.50)

6 |Molecular Biosystems, 2016, 00, 1-3 This journal is © The Royal Society of Chemistry 20xx



Journal Name ARTICLE
Aggressive vs Control 122 247 369 26.36 (29.12) 31166.00 0.005
Aggressive vs Aggressive 36 161 197 27.00 (30.50) 5450.50 0.737

Non-Aggressive [ Non-Aggressive 8 49 57 | 27.00 (29.00)
Non-Aggressive | Non-Aggressive 8 49 57 27.00 (29.00) 9115.00 0.105
vs Control Control 122 247 369 26.36 (29.12)

Table legends: N= men with normal weight (18.50 kg/m?- 24.99kg/m?); UW= men who were under-weight (<18.50
kg/m?); OW=men who were over-weight (25.00 kg/m?- 29.99 kg/m?); O= men who were obese (230.00 kg/m?); N'=
number of men

Table 2.2: Association between tobacco smoking status and risk and/or aggressiveness of prostate cancer

Compared groups Pathology N (eszj;tigeis) OR p-value
No Yes Total (95% CI)
Aggressive vs Aggressive 89 108 197 54.82% 1.893 0.0003766
Control Control 25 | 144 | 369 39.02% (131-273)
Aggressive vs Non- Aggressive 89 108 197 54.82% 0.821 05477
Aggressive Non-Aggressive 23 34 57 59.64% (0.42-1.55)
Non-Aggressive vs | Non-Aggressive 23 34 57 59.64% 2309 0.003871
Control Control 25 | 144 | 369 39.02% (1.30- 4.08)
Table legends: N'= number; 95% CI= 95% confidence interval, No= never smokers, Yes= ever smoker
Table 2.3: Comparison of alcohol consumption and risk and/or aggressiveness of prostate cancer
Compared N’ Percentage .
aroups Pathology (alcohol OR (95% CI) | p-value
No (1) | Yes (0) | Total consumers)
Aggressive vs Aggressive 79 118 197 59.89% 0.256 —
.73e-
Control Control 54 | 315 | 369 85.36% (016-039)
Aggressive vs Aggressive 79 118 197 59.89% 1.166
. 0.6479
Non-Aggressive "Non-Aggressive | 25 32 | & 56.14% (0.61-2.20)
Non-Aggressive Non-Aggressive 25 32 57 56.14% 0.220
1.456e-06
vs Control Control 54 315 | 369 85.36% (0.121-0.399)

Table legends: N'= number; 95% CI= 95% confidence interval

aggressive PCa vs healthy control are shown in

tables 3.1 and 3.2 respectively). The data obtained

for non-aggressive PCa vs healthy control was not
The statistically significant results obtainegtatistically significant and will not be further

using logistic models after adjustments for multiplgidressed in this paper.

covariatesare presented in tables 3.1 and 3.2 The results obtained after the interaction

(Aggressive PCa vs non-aggressive PCa afhlysis can also be broadly classified into two

3.3 Correction for the effect of covariants to
identify the genic risk of aggressive PCa:

This journal is © The Royal Society of Chemistry 20xx J. Name., 2013, 00, 1-3 | 7



categorés expected, and unique to the New Zealand A SNP present near the gehEP (Tables 3.1

population studied. The New Zealand aspect of geamel 3.2), associated with obesity identified as

X environment interaction was much better evidesthtistically significant risk for both aggressive and

after analyzing these results. non-aggressiv®Ca; and the SNP present near the
Certain SNPs present near genes such game SEP15 (Seleoproten 15kDa)- involved with

MYEOV- a putative oncogene (Table 3.KLK3 quality control of protein folding in the endoplasmic

and MSMIB (both, Table 3.2) involved in the PSA reticulum (ER) may reveal new knowledge about the

metabolism pathwayMMP9 (Table 3.1)- involved changes of risk for aggressive PCa with local

with the inflammatory pathway; afdLH1 (Table environmental conditions and its effects on the New

3.2), which has a role in DNA mismatch repair wegaland Caucasian men studied here.

identified as statistically significant in our study as

expected. However, we had some novel findings as

well.

Table 3.1: Logistic model of SNPs risk for aggressive prostate cancer vs non-aggressive prostate cancer after correcting for

interaction with multiple covariates (BMI, tobacco smoking, and alcohol consumption)

SI. No. SNP ID Gene name 10222; Tested allele | Odds Ratio p-value
1 rs632148 SRD5A2 2p23.1 C 2.144 0.01196
2 rs10244329 LEP 7q33 T 2.395 0.02893
3 rs3918256 MMP9 20q13.12 A 1.873 0.03109
4 rs3735035 PODXL 7932 T 1.625 0.03561

Table 3.2: Logistic model of SNPs risk for aggressive prostate cancer vs healthy controls after correcting for interaction with

multiple covariates (BMI, tobacco smoking, and alcohol consumption)

Sl. No. SNP ID Gene name 10?:2;1 T;iitjs Odds Ratio p-value
2 1510896438 MYEOV 11q13 T 1.699 0.000421
1 157931342 MYEOV 11q13 T 1.705 0.000423
3 157920517 MSMB 10q11 A 1.590 0.001734
6 rs5845 SEP15 1p22.3 C 1.845 0.01333
5 152659122 KLK3 19933.33 A 1.702 0.01516
4 151799977 MLH1 3p21 G 1.53 0.0202

8 |Molecular Biosystems, 2016, 00, 1-3
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1510244329 LEP 7933 1.639 0.03245
1512529 AKR1C3 10p15 1.318 0.04006
15887391 SLC26A6 19q13 1.639 0.04449

Tables 3.1-3.2 colour legend showing risk association:

Common SNPs between (Agg PCa vs Healthy Control) and (Agg PCa vs Non-Agg PCa) classification

_ _ producing a modified risk of a disease. These SNPs
4. Discussion could be indicating a unique situation for New

It is well established that there are three majgfaland men- who are an example of isolated men
risk factors for PCa, namely, advancing %geOf European origin, with PCa. Of particular interest
ethnicity, and familial histof. Various studies N the New Zealand context are, aspects such as
have indicated that alterations in genetic aR@eSity® higher intake of red meat and dairy
epigenetic make-up are predominantly the basis RSPAUCts, and possible deficiency in selenium intake
the development of various malignanééé®. In All of these could impact on genetic mechanisms in

this study, SNP genotype data was used to idenﬁgys that may lead ta higher risk of aggressive
a.

risk association with aggressive PCa while the effét o )

of non-genetic or environmental factors was also The three broad classifications under which the

considered. data were analyzed are SNP associations between
patients with aggressive PCa and healthy controls,

4.1 Effect of environment and SNP genotype with between patients with non-aggressive PCa and

risk of prostate cancer: healthy controls and between patients with
aggressive and non-aggressive PCa. The results for

Parts of the panel of SNPs used in this analydi§se groups are discussed below.
have previously been considered to assess PCa risk
(Supplementary table 1). However, the approach ) .
here is to assess their significance to aggressive Péal SNP genotype analysis of non-aggressive
also. Out of the 99 SNPs studied, 4 SNPs wéf@state cancer vs healthy controls:
significantly associated with non-aggressive PCa Of the 4 SNPs identified as significant risk for
when compared with healthy controls, and 8 SNRén-aggressive PCa vs healthy controls, 3 SNPs
were identified to be significantly associated witlyere identified to be commonly associated to risk of
aggressive PCa compared to non-aggressive P& progression of this disease (aggressive PCa vs
Also, 14 SNPs were identified to be significantljon-aggressive PCa). These SNPs include
associated with aggressive PCa when compared w##292884 in chromosomal region 2g37 near the
healthy controls (Tables 1.1-1.3 respectively). TgeneMLPH (Melanophilin), rs3735035 present in
majority of the SNP associations lost significan chromosomal region 7g32 in the geR©ODXL
after correcting for multiple testing using the BONKPodocalyxin-like), ~ rs10086908 present in
an overly conservative approach, and the BH-FDghromosomal region 8924 and rs11536889 present
a less conservative correction that tolerates mésehromosomal region 9933 near the g&hB4.
false positives. The TLR4 gene is responsible for activating
innate immunity in humari&®. TRL4 is one of 13

Large scale GWAS have previously showhansmembrane receptors found in the troll-like
direct SNP associations with aggressive PGaceptors family which plays an important role in
However, SNP interactions with demographic amgironic infection and inflammation pathways, in
lifestyle factors could also add to the allelic effe@irn controlling the incidence of development of
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cancet®®. The expression of the TLR4 protein iinflammatory processes through the study of Curran
PCa is already well establisiéd et al., in 20052 In addition, several diseases,

SNP rs2292884 close to chromosomal regiarcluding inflammatory disordet$such as insulin-
237 near the gerdLPH, was also identified to bedependent diabetes mellitdsand gerontological
statistically significantly associated with nondisorders such as Alzheimer’s disease®, have been
aggressive PCa compared to controls. Very littlessown to be linked to this gene region. The A allele
known about the possible functional impact @f this rs4965373 SNP has previously shown
MLPH in carcinogenesis and/or tumor progressigositive associations with serum Selenium levels in
4% Dysregulation of the protein MLPH has recently healthy male population from New Zeal2nd
been found in several types of tumisréung cancer, Comparing the current findings with those of
meningiomas, and of breast cané&td A recent Fergusonet al. (2012) indicates a possibility for
study found an association of expression of the geatention of excess selenium as a cause of non-
MLPH with nearby SNPs in prostate tisétién non- aggressive PCa risk. These direct us to the relation
small cell lung cancer, MLPH mRNA was identifietbetween  functional  defects, inflammation,
as a target of differentially expressed miRMAs immunity, and its depletion due to ageing as
Interestingly, the protein MLPH was also found tesponsible for initiation of diseases such as PCa.
be significantly overexpressed in estrogen receptor
(ER) positive breast cancer, suggesting a regulatfbA.2 SNP genotype analysis of aggressive prostate
of this protein by estrogen hormofies cancer vs non-aggressive prostate cancer:

SNP rs3735035 present in chromosomal region Non-aggressive PCa can be considered as an
7432 in the gen®@ODXL was also identified t0 bejntermediary between healthy and aggressive PCa
significantly associated V\(lth non-aggressive Pgt"‘ates. We identified a number of SNPs to be
(before the use of BONF) in our study. PODXL is &mmon between the categories of SNP association
cell-adhesion glycoprotein and stem cell marker thadiyeen aggressive PCa and healthy controls and
has been associated with an aggressive tumﬁHﬁ-aggressive PCa and healthy controls.
phenotype and poor prognosis in several forms of Among these common SNPs are those in genes
cancef®*’. Interestingly, the first report of PODXLhat have been identified to play roles in immunity

expression in malignant cells was its description @81153688Y), development and progression of
a stem cell marker in testicular carffeandit has pcg, (r522928’z§‘ﬁ, and rs3735039).

been previously identified as a candidate biomarker The SNPs common to be associated with

for PCa aggressivenédssSince rs3735035 presentyressive PCa compared to controls and the SNPs
in this gene came up as statistically significanfffentified to be associated with the progression of
associated withar-aggressive PCa (before the usgjs gisease (aggressive PCa vs non-aggressive PCa)
of BONF) in our population, we feel that this SNBre 1510244329 in 7933.3 chromosomal region near
may play a role from the pom_t of disease |n|t|at|0r_1he genelEP, rs887391 and rs17632542, both
SNP rs4965373 present in chromosomal regigfesent in chromosomal region 19q13. Of the SNPs
15¢26.3 in the gen&EPSL (selenoprotein § Was that are common to be associated to non-aggressive
also identified to be statistically significantly>cqa compared to controls and the SNPs identified to
associated with non-aggressive PCa (before the yge,ssociated with the progression of this disease
of BONF) in our population. The human gengggressive PCa vs namgressive PCa), there are
SEPSL, encodes selenoprotein S which participal§Rps in genes that have been identified to play roles
in the retro-translocation of misfolded proteins frofy  ihe expression of PSA (rs176325%5)
the ER to the cytosol for their degradaffbmhis ER gevelopment and progression of PCa (rs88¥391
membrane protein functions in stress responses; i morbid obesif§*:
prevent the deleterious consequences of gnps rs632148 in the gelsRD5A2 (Seroid
accumulation of misfolded proteins, that has beej.reqyctase type 2) on chromosomal region 2p23,
linked to immune an.d inflammatory proces’éesand rs3918256 in the geMMP9 have also been
The SEPSL gene was first suggested to be related{@sociated with aggressive PCa when compared to
the stress response process including immune 3gd_aggressive PCa patients. The SNPs rs632148

10 |Molecular Biosystems, 2016, 00, 1-3 This journal is © The Royal Society of Chemistry 20xx



and rs3918256 have been previously reported by The chromosomal region, 8924 has been of
groups working on various aspects related to armhsiderable interest in terms of development and
causing PCa in Caucasian populations and epidemiology of cancéf. Ahmadiyehet al., (2010)
restricted to studies pertaining to quality of sperrsaggested  that  numerous, non-dependent
(rs6321485*, and also contribute to the invasive arblymorphic variants present in the chromosome
metastatic properties of malignant tumors, includitacation 8924 may produce certain biological
those of the prostate (rs39182%6hese SNPs aremechanisms that contribute to disease, or,
of considerable importance in understanding thiernatively, the 8924 regions may cumulatively
overall progression of PCa to aggressive stage. influence the regulation of adjacent genes (cis-
regulation) or genes on other chromosomes (trans-
4.1.3 SNP genotype analysis of aggressive prostaggulationj®. The SNP rs6983561 identified to be
cancer vs healthy controls: significantly associated with aggressive PCa

A link between SNPs in the 11g13 region arf@mpared to controls among our population befqre
PCa has been previously identified by variodg® use of BONF, however, is commonly found in
GWAS®5? Three SNPs1510896438, rs7931342,the Asian 9populatlon, rather than the Caucasian
rs11228565, present iMYEOV and one SNP- pOPU'aI'OﬁO-Sl o8
rs2727270 present IRADS2 are identified to be ~ 10q1F°* and Xp1#*®* are two other
statistically significant before the use of BONEhromosomal regions that are identified to have a
when comparing the controls to those withumber of SNPs associated with PCa in Caucasian
aggressive PCa. Frequent rearrangements ppRulations. We identified one SNP, in each of the
observed in human cancers in the area 1PqEur two aforementioned locations to be significantly
out of fourteen SNPs identified to have a statisticafipsociated  with aggressive PCa compared to
significant risk association with aggressive pcgontrols before the use of BONF. These are
were identified in one location. This region housed®( 920517 present near the geMSMB, and
number of candidate oncogenes, and tRP945619 presentin the geNEDT11 (Nucleoside
amplification of this region is highly heterogeneoudiPhosphate-linked ~ Moiety X Motif ~ 11)
leading to breakpoints in and/or near ﬂ{@spectlvely. These _SNPs knit a very tight story and
locatiof*’2 MYEOV has been shown to bére of considerable interest. _
frequently amplified in tumours not only of the MSMB is one of just three predominant
breast but also of the oesophagusnd head andProteins, along with PSA and prostatic acid
neck squamous cell carcinofha phosphatase secreted by a normal human prostate

Of the 3 SNPs present in 19g13 region, ggand®. The PSA level in men is usually measured
(rs2659122 and rs17632542) are located in the gEheeStimate the health of a prostate gland, and
regionKLK3, which codes for PSA- a glycoproteif?SMB, owing to its varied expression levels in
enzyme, secreted by epithelial cells of the prost&Rcer cel_ls compar(_ed to the prostate eplthel!al cells
gland. Men with serum PSA levels of more thdR the bemg; stage, |s.|mpI|cated as a potential PCa
20ng/ml are categorized as having aggressivépciomarke?*®. MSMB is also known to modulate
Therefore, it is not surprising that a number of SNiF@Munoglobulin levels in h7ypOXIC tumour cofés
in the geneKLK3 were identified as statistically _1he SNP rs594562%" present in the Xp11
significant when comparing men with aggressivg9/0n also has beerj identified to be 5|gn|f|canﬂy
PCa and controls. This is similar to the finding@efore BONF were implemented) associated with
discussed in other GWAS for aggressive BCEhe adgressive PCa to controls.iFBNPis present near
third SNP in this region, rs887391, present in gefit¢ ~ paralogous  human  gene NUDT11,
SLC26A6 (Solute carrier family 26 member 6)- a predomllnantlly expressed |n'the9testes, and may play
fusion gene which is crucial for the development afd"0le in signal transductiéi?®. A number of
the progression of various human canteis about GWAS have also suggested that the susceptibility
10Mb centromeric to th&LK3 gene, where the SNPOCUS aggll%Dgnglll may have involvement with risk
1s2735839, near 3” end is found®676, of PCA81879991,
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The SNP rs17793693 present in tRBAR-y rs12529 have been previously reported by groups
gene was also identified to be significantiworking on various diseases related to and causing
associated with aggressive PCa in our populati®Ca in Caucasian populations such as rheumatoid
The significance, however, was lost after the BON#fthritis'®, obesity®?, and sex hormone metabolic
was implemented PPAR-y ligands induce growth pathway'%%1%4respectively. The rs12529 SNP is
arrest in cells through apoptosis, in botiso related to lung cané¢&tand bladder cancéf.
macrophagéd and endothelial cefl& Among other
roles, the PPAR-protein has also been identified to 4.2 Age and risk of prostate cancer:
be having a role in immunit§®. ThePPAR-y gene, Age is a major risk factor for PEHY
present in the 3p25 region of the human genome Pagyever, in the data presented in our present study
been suggested to have an association with PCgRYqid not consider the role of ageing, as it is the
various researchéfS®. PPARs (comprising Ofonly external factor which cannot be reversed, but
PPAR-a, PPAR-ff andPPAR-y genes) are Members {he' other aspects such as high (or, low) BMI,
of the nuclear hormone receptor superfamily gf,oking tobacco and alcohol consumption habits
ligand-activated transcription factors includinggp pe altered by individuals. Moreover, we wanted
receptors for steroid hormones, Vitamin D3, retinojd see the effect of gene x environment aspects

and thyroid hormoné3®. The PPAR-y gene has prevalent in our local population in the expression
been identified to be mainly present in adipoggq progression of PCa.

tissues, wherein it plays a vital role in the pre-

adipocytes to adipocyt®s The PPAR-y gene has 4.3 BMI, smoking tobacco, and alcohol consumption
also been identified to be involved in the pathology recruitment and risk of prostate cancer:

and progression of various diseases including o . h sh d that BMI i
obesity and diabetes melliflis Diabetes mellitus Our previous research showed that s
a{lstlcally differentin age matched controls and

has previously been associated with PCa, such ith beni | dised ith
patients with diabetes have been suggested to belQPge Wit enign urology dise selowever, wit
the current stratification BMI was shown to be

lower risk of PC&. Certain metabolic factors"

including reduced testosterone levels may aﬁéégnifica_ntly higher (27.00kg/f1among those with
blood glucose levéi®, aggressive PCa compared to controls (26.36Rg/m

SNPs rs130067 present in 6p21.3 chromosomd€ Meéan BMI at recruitment of all our groups
region near the gen@CHCRL (coiled-coil alpha- (cas_es as well as healthy controls)_ was calculated to
helical rod proteinl), rs10244329 present in 7933. e in the _;a}egc;rly of ov(%rweljght for aglults.
chromosomal region near the géurieP and rs12529 °We"§9r' .V' alet al. (2014.)1 an quueet
present in chromosomal region 10p15 in the ge 14Y% discuss that men with aggressive PCa have
AKR1C3 (Aldo-keto reductase family 1 member C3) a higher risk of mortality due to the disease if they
have also been identified to be statisticalﬁ)'e (évervl\(/_elght gr obeshe. b identified isk
significantly associated with aggressive PCa in t?]is moking tobacco has been identified as a {8

study. The AKRIC3 rs12529 G allele has bee actor for PC&C and our results support smoking
previously associated with PCa risk whé bacco being a major risk factor in individuals
eveloping aggressive as well as non-aggressive

interacting with age and lifestyle habits includin
tobacco smokirid. It could be that although the Ca. Our results suggest that more than half of our
%atient cohort identified themselves as ever

allele of this SNP is producing a risk for PCa, it K d this i imil h |
the C allele that produces aggressiveness of . okers, and this Is very similar to tloe resqiis
disease. A study by Yet al., (2013§°° has shown |sguhsseq bif:u H2unczhal1[elet al. h(2010(); and q
that this C allele is responsible for prostate cancgtr-"’“tbWa'teet - Ol{j - In another study Cam%
specific mortality among those receiving androg@it Py Pantarottcet al. (2007} previous an

deprivation therapy . The same allele has also shd%ﬁsent toba_cco smokers have been gssomated with
4 greater risk of PCa metastasizing. Tobacco

retention of cancer-specific symptoms, if managé1 ; X X
only with non-androgen deprivation treatme%okmg, has previously also been reported as a risk
e

method™. The SNPs rs130067, rs10244329, afgftor for PCa as a whole, compared with age and
thnicity matched healthy controls by our grotip
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A systematic review in 2014 indicated that tobacawpatients with aggressive PCa and 56% in patients
smoking is a risk factor for fatal prostate cancer bwith non-aggressive PCa could well be due to PCa
not a risk factor for prostate cancer incidéfte survivors changing their behavior and consuming
Adding to the published work by Islangt al. less alcohol.

(2014), Sclatmann and Blanker (2015) indicated that

the mortality risk due to tobacco use was higher4n Correction for gene x environment interaction

the pre-PSA era and not in the post-PSA%fa? and risk of prostate cancer:

Tobacco use being a risk factor for both aggressive Knowledge of genesnvironment interaction is
and non-aggressive PCa in our New Zealand cohgthoriant for risk prediction and the identification
is concerning as it indicates a scenario similar to that .artain high-risk populations to inform public
of the pre-PSA era from other western countriggagih strategies for targeted preventinWe
The possibility of former tobacco smokers changin@cqciated the environmental factors with the
their lifestyle after being identified as having PCgenotypes of the men in our study to identify the risk
or being in a high risk population, has also begfje|es for specific modifiable fag®such as BMI,
reported by Blanchardet al. (2003). However, smoking tobacco and alcohol consumption. Since
unlike the alcohol consumption changes observediase factors play an important role in the risk
our study cohorts, the frequency of men evgtsociation of PCa and yet can be controlled by
exposed to tobacco smoking in both aggressiygividuals, they therefore are of much importance

(54.8%) and non-aggressive (51.06%) groups hgsinderstand and limit this disease.
not declined (53.1% in 201%Y.

Alcohol consumption, in spite of being well4.4.1 Genotype and the outcome of non-aggressive
documented as a potential cause of caditef, is prostate cancer (vs healthy controls):
yet to be proven as a risk factor for BE€48 Unlike i ies have been linked i
the results of Zuccolet al. (2013), who have shown  Many malignancies have been linked to specific

a moderate risk of aggressiveness with alcoi%]vironmental exposurtd Several en\{ironmental
consumptio”®, our study has found invers@nd occupational factors such as farming and use of
: ' @r?sticides, exposure to sunlight/ultraviolet radiation,

R,%well as trace minerals which are commonly used
nbyre and battery manufacturing have been studied
or an association with PCa riéR The factors,

comparing data obtained from groups of aggress
PCa vs controls as well as non-aggressive PC
controls. Additionally, previous publications fro S .
our group with the initial 264 PCa patients recruitd@WeVer. that initiate PCa, unfortunately, still

within one year of PCa diagnosis, has recorded tHaan to be '|dent|f|ed as an gssentlal prelude to
72% of patients were alcohol consunferShe strategies designed to reduce disease occurtéhce

current decline in alcohol consumption rate to 59%
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SNPs identified as risk of aggressive PCa vs non-aggressive PCa (including environmental factors)

SNPs identified as risk of aggressive PCa vs non-aggressive PCa (after correcting for environmental factors))

SNPs identified as risk of aggressive PCa vs non-aggressive PCa (before and after correcting for environmental
factors)

Figure 1: Individual aggressive PCa risk association with SNPs, environmental factors as well as in combination of
both compared to non-aggressive disease

In our study, we have certain indicators in ternigbacco smoking, alcohol consumption, or high
of the external or environmental factors such B#1l associated with the initiation of this disease, i.e.
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with non-aggressive PCa. However, when the daenic effect on the disease. They have been
was corrected for these aspects using PLINK andsammarized in Figure 2.

analyzed, not one of the SNPs were identified as Of the 9 SNPs that came up significantly
significantly associated with the disease. This magsociated with aggressive PCa after correcting for
be because mammalian body is designed to fighternal factors in our population, only 2 SNPs were
unfavorable conditiot4? and it is the externalidentified not to be repeats from the results already
factors which influence the initiation of nondiscussed in section 4.1.3. The higher number of
aggressive PCa. SNPs identified in the gene x environment

interaction category compared to tiis category

4.4.2 Genotype and the outcome of aggressive provides statistical proof that gene x environment
prostate cancer (vs non-aggressive prostate cand@tiractions play a crucial role in the progression of

We corrected for the effect of three promineﬁ'?is disease. Of the SNPs that are identified in the
risk factors for the prognosis and progression 3§Nes, the expression of which mayimgependent
PCa BMI, tobacco smoking and alcohoPf the environmental, or external factors (Table 3.2),
consumption as risk factors for aggressive P®gre rs5845and rs1799977.

(compared to non-aggressive PCa) using PLINK and 1he SNP rs5845 present in the geBieP15
then analyzed the data to identify a pure genic ri@kcoding  for — selenoprotein ~  containing
for the disease and are mentioned in Table 3.15@[9”_0‘:3’5“3_'”92;5 involved in the quality control of
wholistic approach of these external factors wREOtein folding®. The A allele of this SNP has a
taken into consideration while looking into the genlidue effect on PCa risk even compared to benign
environment interaction in our study. urology disease The SNP r§1799977_pres<_3nt in the

Only few SNPs were identified to hav@€ne MLHL plays a major role in mismatch
statistically significant risk for aggressive PCa rid€Paif*. The SNP rs10896469 present near
compared to that of non-aggressive disease (bef§fEOV, @ putative oncogene, as previously
the use of BONF). They have been illustrated mentioned to be frequently amplified in a number of
Figure 1. tumourg®73125,

SNPs rs632148, rs10086908, rs887391, and . . . N
rs16987929 were identified to be common both with Interestingly, certain SNPs showing significant
genotypic risk as well as interacting witi@Ssociations as risk for aggressive PCa did not show
environmental risk. Common SNPs between thedgnificant associations when interacting with
states indicate the crucial role of gene x environm&hvironmental factors. In contrast, the SNPs that

interactions in both initiation and the progression 8fowed the strongest evidence for interactions with
this disease. environmental factors did not show significant in

pure SNP effect associations.
4.4.3 Genotype and the outcome of aggressive
prostate cancer (vs healthy controls): This finding reveals that in a study like ours, it is
very important to not only consider the SNPs
ffentified by a GWAS, but also consider genotype
[dditive or dominant) by environmental (local to
e population studied) interaction effects on
ggressive PCa in addition to established
sociations. If this is avoided, such variants may be
ored Therefore, the list of SNPs to be studied and
entually followed wup for replication or

We continued to analyze the effect of the thr
aforementioned risk factors on the genotype in
population for the prognosis of PCa by statistical ¥
correcting it using PLINK. The same wholisti
approach as previously mentioned, in terms of {
external factors were taken into consideration wh|
looking into the gene-environment interaction in o

study. confirmation changes with the genotype x

A h'g.her num_ber_ .Of SNI.DS were |Qent|f|eq QBnvironmental interaction effects should be
h?"e statistically S|gn|_f|cantly mgreased Interactions tensjve and not limited to just the ones reported in
with external factors in producing aggressive PG iy populations ignoring the local factors which

compared to that of healthy controls (before the . ) -
of BONF) than the SNPs which potentially hadqi%y be pivotal for the final expression of genes.
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We would also like to point out that, SNPs witmentioned by Arya et al., (2009) Since the
statistically significant genotype x environmentglenetics of aggressive PCa is still largely unknown,
interaction did not necessarily have a significant (e cannot comment whether this approach would
even suggestive) association with aggressive PCéose power or would protect against false positives

because the underlying genetic architecture of

Thus limiting interaction tests to markers wittaggressive PCa is largely unknown and more
significant main SNP effects would likely findesearch needs to be done in this field of study, but
different results, and will aid in identifying a muclve believe this is the right direction to move
better localized cause of diseases, as has also leevard.

SNPs identified as risk of aggressive PCa vs Healthy Controls (including environmental factors)

SNPs identified as risk of aggressive PCa vs Healthy Controls (after correcting for environmental factors))

SNPs identified as risk of aggressive PCa vs Healthy Controls (before and after correcting for environmental factors)

Figure 2: Individual aggressive PCa risk association with SNPs, environmental factors as well as in combination of
both compared to controls

: There is an urgent need to develop a biomarker
5. Condlusions for PCa with high sensitivity, and specificity to an
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individual’s risk of developing the aggressive form be significantly associated with risk for non-
of the diseagé®. A considerable number of patientaggressive PCa (vs healthy controls), but, again,
with aggressive PCa are being under-trédteihe when corrected for, did not come up as a risk
results obtained are suggestive of certain gemasociation for the disease. Interestingly, though, we
being associated with aggressive PCa. The datentified another SNP rs5845 in another
generated, suggest that SNP genotyping assd&noprotein geneSEP15 when we corrected the
screening tool, along with other prevalent diagnos8&NP association for aggressive PCa (vs healthy
tools, has the potential to help identify men headingntrols) for multiple factors. This is very unique to
towards lethal aggressive PCa at an earlier stagethe environmental conditions in New Zealand,
Although epidemiological studies have showmhere aselenoprotein SNP may trigger the start of
an association with PCa, such that patients witte disease, but is eventually controlled due to the
diabetes mellitus have been suggested to be dack of selenium in the New Zealand soil, and is
lower risk of PC&, or an inverse associatiéh we effectively checked in the eventual progress of the
did not find any direct and/or indirect effect of BMtlisease, unlike if it is the case when proper intake of
on SNPs identified to have a risk association wigelenium is not practiced.
non-aggressive PCa, but with aggressive PCa in our These curious associations and links leading to
population. It has been proven that BMI has a stroaggressive and non-aggressive PCa are better
association with diabetes mellitus and insulexplained in the pictorial conclusion provided
resistanc®® and with PCE® We believe that herewith (Figure 3).
obesity is linked with diabetes mellitus and PCa
alike, and it is not diabetes mellitus which has | Pessible mechanism of Disease Classification of Disease Type
direct relation with PCa, but obesity. L Ll e
The fact that a number of SNPs in various gen
were identified to be associated with a risk g cene
prostate cancer calls for detailed work in this aspe
for risk of PCa. We observed that the SN
vulnerable to environmental conditions discusse
here do not play a role in the initiation of the diseas|___¥
and as the progression of PCa was mapped,
found an increasing role of environmental factors.
is also worthy of mention that the various externdgey: — jsiammation pamway-eene
factors described here, such as increasing *BMI I \Viismatch Repair Gene

. 3 . I Selenoprotein Gene
and WIde-Spl’ead tobacco sm()kmg in Ney B Genes expressed in Prostate Gland & Testes

. Fusion Gene aiding Development of Human Cancer
Zealand®, and deficiency of trace elements such § B Obesity & Fat metabolism Gene
. . . I Putative Oncogene

selenium in the New Zealand gélimay be playing B Cell Adhesion Glycoprotein Gene
a much more important role in the expression andigure 3: Pictorial conclusion illustrating the various
progression of PCa in our population than they havgsociations and links leading to aggressive and non-
been previously credited for and need to be further aggressive PCa
looked into. These factors may be very crucial for
the progression of the disease and our gene &
environment logic is strengthened by the findings in
our unique population. Supplementary Materials:

We identified that the SNPs rs17793693 in the
genePPAR-y and rs2727270 in the gefADS2 Supplementary Table 1: Selected SNPs for present
were risk for aggressive PCa before correction fefudy.
environmental factors was carried out However,
after correcting for multiple factors, these SNPs diipplementary Table 2: Gene x environment
not figure as a risk for aggressive PCa. We af@gsociation analysis of SNPs as risk for PCa
identified the SNP rs4965373 in the geSPS1 to

Gene x Environment

legends - Non-Agg: Non-aggressive PCa patients; Agg:
Aggressive PCa patients; Con: Healthy Controls
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Supplementary Table 3: SNP association with riskSMB: Microseminoprotein Beta
of PCa after correcting for environmental factors MYEOV: Myeloma Overexpressed
ng/ul: nanogram per microliter
NUDT11: Nucleoside Diphosphate-linked Moiety X
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