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Abstract

Three genes, namely, ELACZ2 (HPCZ2 locus) on chromosome 17p11, 2”-5"-oligoisoadenlyate-
synthetase-dependent ribonuclease L (RMASEL, HPCI locus), and macrophage scavenger
receptor 1 (MSRI) within a region of linkage on chromosome 8p, have been identified as
hereditary tumor suppressor genes in prostate cancer. We genotyped 41 tagged single nucleotide
polymorphisms (SNPs) covering the three genes in a case-control cohort, which included 1,436
Caucasians, 648 Hispanics, and 270 African Americans. SNPs within MSR1, ELACZ, and
RNASEL were significantly associated with risk of prostate cancer albeit with differences among
the three ethnic groups (P = 0.043-1.0 x 1079). In Caucasians, variants within MSRI and ELACZ2
are most likely to confer prostate cancer risk, and rs11545302 (£LAC2) showed a main effect
independent of other significant SNPs (P = 2.03 x 107°). A major haplotype G-A-C-G-C-G
combining five SNPs within MSR1 was further shown to increase prostate cancer risk significantly
in this study group. Variants in RMASEL had the strongest effects on prostate cancer risk estimates
in Hispanics and also showed an interaction effect of family history. In African Americans, single
SNPs within MSR1 were significantly associated with prostate cancer risk. A major risk haplotype
C-G-G-C-G of five SNPs within ELAC2was found in this group. Combining high-risk genotypes
of MSR1and ELACZin Caucasians and of RNASEL and MSRI in Hispanics showed synergistic
effects and suggest that an interaction between both genes in each ethnicity is likely to confer
prostate cancer risk. Our findings corroborate the involvement of ELAC2, MSR1, and RNASEL in
the etiology of prostate cancer even in individuals without a family history.
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Introduction

Prostate cancer is the most common non-skin cancer and the second leading cause of cancer
death in men in the United States (1). The underlying etiology of prostate cancer remains
poorly understood, with both genetic predisposition and environmental factors likely to play
a role. Substantial evidence for a genetic component in the susceptibility to prostate cancer
has been provided from a study on a large cohort of twins, for which the proportion of
prostate cancer risk accounted for by inheritable factors was estimated to be 42% (2).
Moreover, a recent study showed that both good and poor survival in prostate cancer
aggregate in families, providing evidence on heritability in the prognosis of prostate cancer
(3). Despite this strong evidence for a genetic component in prostate cancer, little progress
has been made to identify a major gene or genes (4).

The majority of prostate cancer cases most likely involve more common, low- to moderate-
penetrance alleles in genes that are components of pathways that influence prostate function,
rather than mutations in high-penetrance susceptibility genes (5, 6). There is increased
impetus for better understanding of the molecular processes involved in prostate
carcinogenesis with the ultimate goal of discovering new biomarkers, which may be
beneficial in the detection, prevention, and/or treatment of this disease.

As with breast and colon cancer, familial clustering of prostate cancer has been reported
frequently (7-10). Familial prostate cancer represents families in which there are two first-
degree or one first-degree and two or more second-degree relatives with prostate cancer.
Familial prostate cancer is estimated to account for 10% to 20% of all cases of prostate
cancer (5, 6). To date, several genome linkage analyses for prostate cancer predisposition
loci have been reported (5, 6, 11), and three strong candidate genes that are involved in
pathways critical to DNA damage response (ELAC2), apoptosis [2”-5"-oligoisoadenlyate-
synthetase—dependent RNase L (RNASEL)], and innate immunity [macrophage scavenger
receptor 1 (MSRI) and (RNASEL)] were identified in linkage-critical regions (12).

The ELACZ gene (hereditary prostate cancer 2 locus, HPC2) at 17p11 encodes a tRNA 3’
processing endoribonuclease and was the first putative tumor suppressor gene identified for
prostate cancer based on linkage analysis (13). An association between prostate cancer and
two common missense variants, a serine to leucine change at amino acid 217 (Ser217Leu)
and an alanine to threonine change at amino acid 541 (Ala541Thr), neither of which has
been shown to alter the enzymatic activities of ELACZ(14), has been reported in cases from
families with hereditary prostate cancer (13). A meta-analysis by Camp and Tavtigian (2002)
and a study by Noonan-Wheeler et al. (2006) and Stanford et al. (2003) of both variants
suggested that the 7/r541 allele, either alone or in combination with the Leu217allele,
confers risk for prostate cancer, in particular within sporadic cancer cases (15-17). However,
subsequent studies could not unambiguously confirm a possible role of ELACZin the
susceptibility to both sporadic and hereditary prostate cancer (6, 18).

The RNASEL gene, within the hereditary prostate cancer 1 (HPCZ) locus on 1925, mediates
antiviral and proapoptotic activities of the INF-inducible 2-5A system, and is likely to host
responses to infections, which may play a role in susceptibility to prostate cancer (19).
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Previous studies have indicated that the nonsense mutation Glu265X and the initiation codon
mutation Metllle in the RNASEL gene segregate in prostate cancer families that were linked
to the HPCI locus (20). A truncating mutation (E265X) and an initiation-codon mutation
(M11) segregating with the disease were found in two HPCI-linked families. Functional
studies showed that both mutations were associated with a reduction in RNASEL activity
(20). The two most commonly studied variants within RKMASEL are the nonsynonymous
variants Arg462GInand Asp541Glu, with the first showing a reduction in enzymatic activity
(21). Both variants have been found to be significantly associated with prostate cancer risk
albeit with between-study variability in outcome (21-23). On the other hand, several reports
show a lack of association for both single nucleotide polymorphisms (SNPs) and prostate
cancer, and thus the question remains as to the role of this gene in prostate cancer
susceptibility.

Macrophage scavenger receptors (MSR) are trimeric membrane glycoproteins that mediate
the binding, internalization, and processing of a wide range of negatively charged
macromolecules, including a variety of bacteria (24). The macrophage scavenger receptor 1
(MSR1I) gene, located at 8p22, has been reported as a strong candidate for prostate cancer
susceptibility. Besides the positive linkage findings in hereditary prostate cancer (25), the
p22 band of chromosome 8 is also found to be frequently deleted in prostate tumors (26-29).
Mutations in MSR1 have been shown to be associated with prostate cancer risk in both
hereditary and sporadic cases in European and African American men (30). Association
studies of variants within MSRI with prostate cancer risk show both positive and negative
results (31).

In summary, numerous studies provide strong support, both functional and epidemiologic,
that ELACZ, MSR1, and/or RNASEL confer risk for prostate cancer, yet other studies have
suggested that their role may be small. Understanding the role of these three putative
prostate cancer susceptibility genes needs more thorough evaluation and replication. In most
studies only a small proportion of the estimated number of genetic variants was analyzed,
and the contributions of variants in regulatory, noncoding regions of genes, rather than in
exons, were often omitted. Moreover, except for our previous study on the association of two
SNPs within RNASEL (23), Hispanics have not been extensively analyzed, and no
association results for ELAC2 or MSR1 in Hispanics are currently available. We therefore
carried out an association analysis with haplotype-tagged SNPs covering the whole genes in
a sample consisting of three ethnic/racial groups. We determined the effects of single SNPs
and also considered possible interactions. This is the first study to explore these three genes
extensively.

Materials and Methods

Subjects

Study subjects included men in the San Antonio Center for Biomarkers of Risk of Prostate
Cancer (SABOR) cohort. SABOR is funded by the National Cancer Institute and has been
prospectively enrolling healthy male volunteers from 2001. On each annual visit, a digital
rectal examination was done and serum prostate specific antigen level was determined. From
this cohort, 226 incident cases (131 non-Hispanic Caucasians, referred to as Caucasians in

Cancer Epidemiol Biomarkers Prev. Author manuscript; available in PMC 2016 September 23.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Beuten et al.

Page 4

the text; 59 Hispanic Caucasians, referred to as Hispanics; and 36 African Americans) were
available. We also included 646 cases with a known history of prostate cancer that are
enrolled within the same time period in a parallel study of prevalent prostate cancer using
the same recruiting strategies. Institutional Review Board approval was obtained, as was
informed consent from subjects in both studies. Cases had biopsy-confirmed prostate cancer
and controls consisted of male volunteers >45 y old who had normal digital rectal
examinations and prostate specific antigen levels <2.5 ng/mL on all study visits. Race/
ethnicity was self-reported on a questionnaire completed at the time of enroliment. A total of
1,436 Caucasians (596 cases, 840 controls), 648 Hispanics (194 cases, 454 controls), and
270 African Americans (82 cases, 188 controls) were included in this analysis. The clinical
characteristics of subjects are summarized in Table 1. Study age among controls was the age
at last follow-up, and age among cases was the age at prostate cancer diagnosis; controls
were younger than prostate cancer cases, with mean age (SD) of 61.3 (9.2) y and 65.5 (8.5)
y, respectively (P < 0.0001). Because of this difference and the fact that prostate cancer risk
increases with age, all the odds ratios (OR) were adjusted for age. First-degree relatives
include father, full brother(s) and child, and for second-degree relative we considered both
maternal and paternal grandfathers and uncles.

SNP Selection and Genotyping

DNA was isolated from whole blood cells using a QlAamp DNA Blood Maxi Kit (Qiagen).
Forty-one SNPs spanning the three genes were selected using Haploview. We first selected
SNPs from available databases, National Center for Biotechnology Information® and
SNPper,6 using the following criteria: (&) within each gene, SNPs with a minor allele
frequency (MAF) >0.05 that leads to an amino acid substitution and/or are in other coding
regions of the gene and thus potentially functionally important were selected, and (6) SNPs
for which an association with prostate cancer has previously been shown as reported in the
literature were chosen. After this initial selection, we identified tagging SNPs within each
gene using Haploview with the following criteria: (4) a MAF >0.05 to gain more statistical
power; () an /2 threshold of 0.8 and a log of odds threshold for multimarker testing of 3.0;
(¢) a minimum distance between tags of 60 basepairs; (@) we included our preselected SNPs
(see above), () for each gene the search for SNPs extended to a 10 kilobase region
surrounding the gene, and (/) we used the 2- and 3-marker haplotype tagging option.7 The
selection was based on the information on the European population as provided by HapMap.
8 The SNPs are described in Table 2. Genotyping of 39 SNPs was done with the Goldengate
assay of the VeraCode technology using the BeadXpress Reader System according to the
manufacturer’s protocol (Illumina). Two SNPs within RNASEL (rs627928/ Asp541G/u and
rs486907/Arg462GIn) were genotyped as previously described (23). To ensure reliability of
the results, duplicate samples were included in the analysis as quality controls.

5http://vvww.ncbi.nIm.nih.gov/projects/SNP/

6http://snpper.chip.org/
http://www.broad.mit.edu/mpg/haploview/
http://www.hapmap.org
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Haploview version 4 beta 15 was used to check for Hardy-Weinberg equilibrium for each
SNP and to measure linkage disequilibrium (LD) between the SNPs in the controls and
cases of each race/ethnicity (32).9

The allele frequency for each SNP was determined in each ethnic group, and the frequencies
among the case-control groups were compared using the XZ test. Association analyses were
stratified by ethnicity and done using R statistical software version 2.9.1. The OR and its
95% confidence interval (95% CI) were estimated by unconditional logistic regression as a
measure of the associations between genotypes and prostate cancer risk. We tested for
additive, dominant, and recessive associations. The model with the strongest association was
chosen for presentation (i.e., model with smallest P value with =5 individuals). To correct for
multiple testing, we used the method of Storey and Tibshirani (2003) based on the concept
of false discovery rate (33). This estimation of the false discovery rate showed that for P<
0.05, the probability that the association is expected to be a true positive in our sample group
is >70% (i.e., the false discovery rate is <30%). To estimate the independent effect of a
significant SNP while adjusting for other SNPs, we used a generalized linear model function
from the R statistical package so that all SNPs are entered into a single multivariable logistic
regression model. SNPs in this model were taken to have additive effects.

Relative risk (RR) ratios for family history, including first- (father and full brother) and
second-degree (grandfather and uncle) relatives affected with cancer, were calculated in the
samples from the SABOR cohort only using Fisher’s exact test. To test whether family
history (first degree and second degree) modulated the effects of genotypes on prostate
cancer risk, a likelihood ratio test on the interaction term between family history and
genotype was done. The magnitude of any effect modification was described using
parameters obtained in logistic regression stratified by family history.

The cumulative effect of combined genotypes on prostate cancer risk was estimated by
counting the number of genotypes associated with prostate cancer, on the basis of the best-
fitting genetic inheritance from single-SNP analysis. ORs and their 95% Cls were calculated
for men carrying any combination of one, two, or more alleles associated with prostate
cancer as compared with men carrying none of the risk genotypes using unconditional
logistic regression analysis. We also fit models that estimated the cumulative effect of family
history on prostate cancer risk in addition to the risk alleles determined above in an
unconditional logistic regression. We selected SNPs that were not in LD with each other (D’
< 0.8). If several SNPs presented higher LD values, we choose a SNP in a coding region
above an intronic SNP, and also selected the most significant SNP.

Logistic regression was used to calculate the ORs of the haplotypes, using the method
implemented in the haplo. ccs package (34) where the OR of each major haplotype was
computed relative to a reference group consisting of all other haplotypes, including rare
haplotypes. Only major haplotypes (estimated frequency >5%) are considered in this report.
Three genetic models (additive, dominant, and recessive) were tested. For all statistical

9http://vvvvw.broad.mit.edu/mpg/haploview/
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analyses, age was used as covariate. Individuals with missing data for a particular analysis
were removed from the analysis. Because of the small sample sizes for prostate cancer men
with first- or second-degree relatives, we restricted the analysis in this report to the family
history data, which include both subgroups. All statistical tests were two-sided and
significance was set at £< 0.05.

All SNPs were in Hardy-Weiberg equilibrium (£> 0.01) in the controls of each ethnic/racial
group, except for SNP rs614794, which showed a deviation from Hardy-Weiberg
equilibrium in African American controls. This SNP was omitted for further statistical
analysis in this study group. Table 2 shows the MAF of the SNPs estimated in all three
ethnicities. Significant case/control differences of allele frequencies at a level <0.05 were
observed for three and five polymorphisms in Caucasians and African Americans,
respectively.

Five SNPs (three in MSR1 and two in ELAC2) were significantly associated with prostate
cancer risk in Caucasians (P values 0.043-0.0001). The strongest association, considering
both the level of significance and the magnitude of OR, was seen for rs12718376 in MSR1
and rs11545302 in £LAC2 (OR, 0.32; 95% Cl, 0.12-0.90; £=0.031, and OR, 2.19; 95% ClI,
1.25-3.82; P=0.006, respectively; Table 3). SNP rs12718376 is located within the 3’
untranslated region of MSRI and the two SNPs in ELACZ, rs17552022 and rs11545302, are
located within exonic regions of the gene but do not result in amino acid changes. In
Hispanics three SNPs within RMASEL and one SNP within MSR1 were found to be
significantly associated with prostate cancer risk (2 values 0.03-0.003). In addition to the
two previously reported nonsynonymous SNPs, rs627928 (Asp541Glu) and rs486907
(Arg462GIn; ref. 23), rs682585 was also found to be significant in this ethnic group. In
African Americans, rs4333601 and rs351572, both located within MSRZ, showed a
significant association with prostate cancer (P values 0.039-0.024). Significance for SNP
rs351572 (MSRI) was found in both Caucasians and African Americans. All SNPs that
were significantly associated with prostate cancer remained significant after adjusting for
multiple comparisons. After conditioning on other significant SNPs not in LD with each
other, rs11545302 (ELAC2) showed a main effect independent of other significant SNPs in
Caucasians (P = 2.03 x 107°), whereas no significant independent associations were found
for Hispanics or African Americans.

Of the 226 incident cases, 95 (42%) had a positive family history. A positive family history
of prostate cancer, including both first- and second-degree relatives, showed a significant
increase in relative risk (RR, 1.79; 95% CI, 1.40-2.27; £< 0.0001). For a man suffering
from prostate cancer with a first-degree relative affected with prostate cancer the RR is 1.84
(95% Cl, 1.41-2.37; £< 0.0001), which is slightly higher compared with the risk of having
a second-degree relative affected with prostate cancer (RR, 1.71; 95% CI, 1.20-2.38; P=
0.005). When more than one first-degree relative is affected with prostate cancer, the risk
increases 2-fold (RR, 1.99; 95% CI, 1.13-3.40; A= 0.03). We have to mention that these
results are based on a small number of samples within the cohort and thus need to be
interpreted with caution (Table 1). Logistic regression including both age and family history
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as covariates, however, did not change the risk estimates for cancer as compared with an
age-only adjusted analysis. Adding family history as interaction term in the logistic
regression showed that several SNPs within RAMASEL had a significant interaction effect in
Hispanics (Table 4). A stratified analysis by family history further indicated that significant
associations were only found in the group with family history, which corroborates the
findings of the interaction model. In addition, an increase in effect size was observed for all
SNPs except rs627928. No major effects with family history were found in the Caucasians
or African Americans.

Age-adjusted multivariate logistic regression of combinations of risk alleles for SNPs not in
LD with each other compared with no risk alleles as reference, showed a cumulative effect
for SNPs rs351572 and rs11545302 in Caucasians (OR, 2.31; 95% Cl, 1.64-3.26; Piend =
1.73 x 1075). In Hispanics, the combination of three risk alleles for SNPs rs486907,
rs682585, and rs12114368 showed a significant association with prostate cancer (Pyend =
0.015) and a 3.31-fold increase in risk (95% CI, 1.26-8.71; Table 5). No cumulative effect of
both significant SNPs in African Americans was observed. For the analysis, we selected
significant SNPs not in LD with each other and chose the most significant and/or functional
SNP. Of note, however, is that for Caucasians, the three-SNP combination, including
rs12718376, rs351572, and rs11545302 with rs12718376 and rs351572 being in LD, showed
an even stronger cumulative effect with a >4-fold increase in OR (OR, 4.05; 95% Cl, 2.09—
7.87; P=13.66 x 207°; data not shown). After adding the presence of family history and
checking for risk estimates of prostate cancer in men carrying a combination of multiple risk
alleles and also having a family history, the OR slightly increased in Caucasians (from 2.31
to 2.47) and slightly decreased in Hispanics (from 3.31 to 3.15; Table 5).

Haplotype analysis of SNPs not in LD within each of the three genes showed a major
haplotype (39%) G-A-C-G-C-G for the SNPs rs918-rs1904577-rs2127565-rs12718376-
rs3747531-rs351572 within MSR1 that significantly increased the risk for prostate cancer in
Caucasians under the dominant model (OR, 1.58; 95% CI, 1.23-2.04; P= 4.02 x 10~%; Table
5). In African Americans, the major haplotype C-G-G-C-G (6%) for SNPs rs2072262-
rs2523-rs11545302-rs8077923-rs7218504 within ELACZis significantly associated with
disease risk with an OR of 3.65 (95% Cl, 1.38-9.68; 2= 0.009) under the additive model
(Table 6).

Discussion

Substantial evidence exists indicating that the etiology of prostate cancer involves the
interplay among genetic, environmental, and dietary factors. Whereas several of the risk
factors are merely the result of individual choices and thus modifiable (e.g., diet, exposure to
UV radiation, tobacco use), some major risk factors for prostate cancer are determined and
unchangeable, including age, ethnicity, and family history. Finding which and to what extent
such factors confer increased risk of prostate cancer has been a burden and major challenge
for researchers over the last several years.

We studied three candidate susceptibility genes, ELACZ2 on chromosome 17p11/HPC2
region, RNASEL within the HPC1 region, and MSR1 within a region of linkage on
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chromosome 8p, that have been previously suggested to play a role in hereditary prostate
cancer. Forty-one tagged SNPs covering each of the three genes were genotyped in a case-
control cohort consisting of 1,436 Caucasians (596 cases, 840 controls), 648 Hispanics (194
cases, 454 controls), and 270 African Americans (82 cases, 188 controls). Single-SNP
analysis showed that SNPs within MSR1 were significantly associated in all three ethnicities
(P=0.04-0.004), with rs351572 being in common between Caucasians and African
Americans. None of the significant SNPs within MSRZ1 found in this study have been
reported previously. Of interest is that SNP rs433601, significant in African Americans and
located in the 3" untranslated region of the gene, has an allele-specific alteration of an exon
splicer enhancer binding site according to PupaSuite. Moreover, a major G-A-C-G-C-G
haplotype for the SNP combination rs918-rs1904577-rs2127565-rs12718376-rs3747531-
rs351572 showed a significant increase in prostate cancer risk in Caucasians. The
nonsynonymous SNP rs3747531, included in this haplotype, results in an alanine to proline
change, which, according to Polyphen, has a damaging effect.19 However, no evidence has
been shown for possible phenotypic effects of the allelic variation for this SNP. The majority
of previous studies did not find associations of variants within MSRZ and prostate cancer
(35-37), although Hsing et al. (2007) reported on significant associations between MSRI
variants and prostate cancer in Chinese (38). The lack of positive association findings for
MSR1 variants could be explained by the fact that only a few SNPs were investigated per
study, in particular coding SNPs, underestimating the importance of noncoding intronic
SNPs. Alternatively, (geographic) differences in population structures, and/or insufficient
power to detect single SNP associations for some studies due to small sample sizes could
explain between-study differences in association results. This study shows that, in addition
to coding SNPs, noncoding intronic SNPs within MSR1 play a role in determining
susceptibility to prostate cancer and are part of high-risk haplotypes. Moreover, a potential
role of MSR1 in the susceptibility to prostate cancer is suggested in the three ethnicities
studied, albeit with subgroup differences in significance of SNPs likely due to population-
specific allele frequencies and LD structure. Studies in animals have shown that mutations in
MSR1 increase the likelihood of bacterial infections. Therefore, our findings support a
previous hypothesis that infection and prostate cancer could be linked (39).

This study also found two synonymous SNPS (rs11545302/ 7hr520Thrin exon 17 and
rs17552022/ Thr631 Thrin exon 20) within £LACZ2that showed significant risk effects on
prostate cancer in Caucasians. SNP rs11545302 further showed an independent effect from
other significant SNPs in this group (P = 0.0001). Although two recent genome-wide
association studies have found several regions to be implicated in prostate cancer risk in
Europeans, no significance was found for rs11545302 (40, 41). Both studies used the
HumanHap300 and HumanHap240 panels from Illumina for the analysis which does not
contain rs11545302. Nonetheless, previous studies report negative findings for association of
single SNPs within ELACZin Caucasians, which is in contrast with our findings (18, 42).
On the other hand, positive associations were also found in Japanese men (43, 44) and
African Americans (45), with the latter consistent with our results. Although not significant
for the single-SNP analysis, a major C-G-G-C-G haplotype for SNPs rs2072262-rs2523-

10http://genetics.bwh.harvard.edu/pph/
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rs11545302-rs8077923-rs7218504 showed a significant increase in risk for prostate cancer
in African Americans. This risk haplotype contains a SNP (rs2523) that is located within a
microRNA binding site (miR-648) at the 3" untranslated region of the ELAC2 gene
(information retrieved from PupaSuite). Currently there are no reports that describe possible
functions of this microRNA. Moreover, the function of £LACZ2is unknown but the gene is
believed to play a role in cell cycle progression. Consequently, it remains to be determined
to what extent variants within £LACZ confer increased risk of prostate cancer.

Three SNPs within RMASEL showed a significant association with prostate cancer risk in
Hispanics. These findings conform with our previous results showing a significant increase
in prostate cancer risk for two nonsynonymous SNPs, rs627928 (Asp541G/u) and rs486907
(Arg462GIn; ref. 23). The allelic variant at position 462 (Arg462Glin), which reduces
RNASEL enzymatic activity 3-fold, is associated with an increase in risk of prostate cancer
as found in Hispanics in this study and other previous studies (23, 39). Our findings further
showed a significant association between rs682585, located just upstream of RNASEL, and
prostate cancer risk in Hispanics. An association between prostate cancer and rs682585 has
not been reported previously. A viral etiology for prostate cancer has been suggested from
recent findings, including the observation that a novel retrovirus, the xenotropic murine
leukemia-related virus, was frequently found in prostate tissue of men with the Arg462Gin
allelic variant (39, 46, 47). It was further shown that RNMASEL-deficient cells and animals
are more susceptible to viral infections (48). Therefore, RNASEL was suggested to be
implicated in the suppression of xenotropic murine leukemia-related virus infections of the
prostate.

A positive family history is a well-established and important epidemiologic risk factor for
prostate cancer, and our findings corroborate a previous meta-analysis on the increased
family-history associated risk for prostate cancer. A risk ratio of 1.8 for first-degree relatives
found in our sample was higher than the RR of 1.53 found by Roemeling et al. (2006) but
lower than reported in the meta-analysis by Noe et al. (2008; RR range between 2.2 and 2.5;
refs. 49, 50). This could be explained by the smaller number of participants in our study as
compared with the meta-analysis and/or because we did not stratify the analysis by ethnicity.
However, previous reports showed that the increased risk of prostate cancer in family
members is similar among Caucasians, Hispanics, and African-Americans within the United
States (51-53). On the other hand, the RR, being 1.7 for second-degree relatives, is similar
to the meta-analysis by Noe et al. (2008; RR between 1.68 and 1.88; ref. 50). In general, the
relative risk of prostate cancer increases markedly with increasing number of affected
relatives suggesting a genetic component of prostate cancer. Incorporation of family history
into our model did not dramatically change the results in Caucasians and African
Americans. In Hispanics, however, several SNPs within RAMASEL showed an interaction
effect of family history.

Combining the two high-risk genotypes of MSR1 and ELACZin Caucasians and the three
high-risk genotypes of RNASEL and MSR1 in Hispanics showed synergistic effects, and
individuals with multiple-risk genotypes are at higher risk as compared with individuals with
a single high-risk genotype. From these findings one could assume that an interaction
between both genes in each ethnicity is likely to confer prostate cancer risk. Although a
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biological explanation awaits further experimental studies, the function of these genes in
cellular defense against inflammation and oxidative stress is supportive of a possible
interaction between these genes, which also corroborates previous suggestions that infection
and prostate cancer could be linked.

A possible limitation of the study is that 13.4% of our control group was between 45 and 50
years old compared with 4% of our cases in this age range. This is a limitation because the
average age of men diagnosed with prostate cancer is over the age of 60 years, and
according to the American Cancer Society two thirds of prostate cancers are found in men
over the age of 65. In our heavily screened population, however, we noted that 50% of the
cancers had a diagnosis before the age of 65 years. Furthermore, for the analyses in this
study we adjusted statistically for age difference. In addition, the presence of potential cases
in the control group will merely result in an underestimation of the effect of significant
associations. Another limitation of our study is that selection of the tagged SNPs was based
on HapMap data of the European population. Due to the ethnic-specific LD patterns, these
SNPs selected may not fully represent all tagged variants in Hispanics and/or African
Americans. Furthermore, the power of this study is limited by the sample size (2,354 in
total, with 1,435 Caucasians, 648 Hispanics, and 270 African Americans), the MAF, the
baseline incidence of disease (~6%), and the unknown OR of a genetic risk factor. Assuming
a type | error of 0.05, an OR of 1.5, and a MAF of 20%, we estimated the power of the study
with the method of Slager and Schaid to be 99%, 75%, and 38% in Caucasians, Hispanics,
and African Americans, respectively. Even with these weaknesses, however, our findings
indicate that variants within ELACZ, RNASEL, and MSR1 play a significant role in the
susceptibility to prostate cancer risk. We did not report on the risk effects of the investigated
SNPs on Gleason grade (Gleason score =7 versus <7) or prognosis (defined as Gleason score
of =7 or stage Ty, or higher) due to the small number of cases with information on the trait
of interest. However, a case only logistic regression analysis showed that in Caucasians
variants in RNASEL and ELACZ could be involved in Gleason grade and prognosis,
respectively. A trend towards significance for SNPs within MSR1 was seen for Gleason
grade and within both RMASEL and MSR1 for prognosis in Hispanics. There results have to
be considered with caution due to the number of cases. The sample size of the African
Americans was too small for data analysis.

In summary, this is the first association study to cover the three susceptibility genes for
prostate cancer with haplotype-tagged SNPs. Our results show that variants in ELACZ,
RNASEL, and MSRI1 play a role in the development of prostate cancer albeit with ethnic-
specific differences in risk estimates. Our findings suggest that interactions among these
genes likely confer prostate cancer risk consistent with a polygenic model for cancer
susceptibility. Moreover, a function of these genes in cellular response to inflammation
corroborates the hypothesis of a link between infection and etiology of prostate cancer.

Acknowledgments

The participation of all study subjects in SABOR and in the prevalent prostate cancer studies at the University of
Texas Health Science Center at San Antonio is gratefully acknowledged. The study could not have been accom-
plished without the skilled assistance of the SABOR clinical staff. We utilized the lllumina genotyping system of
the Institutional Genomic Resource Core for the majority of the genotyping.

Cancer Epidemiol Biomarkers Prev. Author manuscript; available in PMC 2016 September 23.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Beuten et al.

Page 11

Grant Support

U01 CA086402 from the Early Detection Research Network of the National Cancer Institute, from the American
Cancer Society grant number TURSG-03-152-01-CCE, entitled “The Role of Genetic Variation in Prostate Cancer
among Hispanics and Blacks”, from the Cancer Support Grant, P30 CA54174, and from the Department of Defense
Grant W81XWH-05-1-0203.

References

1.

Jemal A, Siegel R, Ward E, Hao Y, Xu J, Thun MJ. Cancer statistics, 2009. CA Cancer J Clin. 2009;
59:225-49. [PubMed: 19474385]

. Lichtenstein P, Holm NV, Verkasalo PK, et al. Environmental and heritable factors in the causation

of cancer-analyses of cohorts of twins from Sweden, Denmark, and Finland. N Engl J Med. 2000;
343:78-85. [PubMed: 10891514]

. Hemminki K, Ji J, Forsti A, Sundquist J, Lenner P. Concordance of survival in family members with

prostate cancer. J Clin Oncol. 2008; 26:1705-9. [PubMed: 18375899]

. Ostrander EA, Stanford JL. Genetics of prostate cancer: too many loci, too few genes. Am J Hum

Genet. 2000; 67:1367-75. [PubMed: 11067781]

. Ostrander EA, Markianos K, Stanford JL. Finding prostate cancer susceptibility genes. Annu Rev

Genomics Hum Genet. 2004; 5:151-75. [PubMed: 15485346]

. Schaid DJ. The complex genetic epidemiology of prostate cancer. Hum Mol Genet. 2004; 13:R103-

21. Spec No 1. [PubMed: 14749351]

. Ghadirian P, Howe GR, Hislop TG, Maisonneuve P. Family history of prostate cancer: a multi-center

case-control study in Canada. Int J Cancer. 1997; 70:679-81. [PubMed: 9096649]

. Stanford JL, Ostrander EA. Familial prostate cancer. Epidemiol Rev. 2001; 23:19-23. [PubMed:

11588848]

. Steinberg GD, Carter BS, Beaty TH, Childs B, Walsh PC. Family history and the risk of prostate

cancer. Prostate. 1990; 17:337-47. [PubMed: 2251225]

10. Carter BS, Beaty TH, Steinberg GD, Childs B, Walsh PC. Mendelian inheritance of familial

11.

12.

prostate cancer. Proc Natl Acad Sci U S A. 1992; 89:3367-71. [PubMed: 1565627]

Xu J, Dimitrov L, Chang BL, et al. A combined genomewide linkage scan of 1,233 families for
prostate cancer-susceptibility genes conducted by the international consortium for prostate cancer
genetics. Am J Hum Genet. 2005; 77:219-29. [PubMed: 15988677]

Simard J, Dumont M, Labuda D, et al. Prostate cancer susceptibility genes: lessons learned and
challenges posed. Endocr Relat Cancer. 2003; 10:225-59. [PubMed: 12790786]

13. Tavtigian SV, Simard J, Teng DH, et al. A candidate prostate cancer susceptibility gene at

chromosome 17p. Nat Genet. 2001; 27:172-80. [PubMed: 11175785]

14. Minagawa A, Takaku H, Takagi M, Nashimoto M. The missense mutations in the candidate

prostate cancer gene ELAC?2 do not alter enzymatic properties of its product. Cancer Lett. 2005;
222:211-5. [PubMed: 15863270]

15. Camp NJ, Tavtigian SV. Meta-analysis of associations of the Ser217-Leu and Ala541Thr variants

in ELAC2 (HPC2) and prostate cancer. Am J Hum Genet. 2002; 71:1475-8. [PubMed: 12515253]

16. Noonan-Wheeler FC, Wu W, Roehl KA, et al. Association of hereditary prostate cancer gene

polymorphic variants with sporadic aggressive prostate carcinoma. Prostate. 2006; 66:49-56.
[PubMed: 16114055]

17. Stanford JL, Sabacan LP, Noonan EA, et al. Association of HPC2/ELAC2 polymorphisms with

risk of prostate cancer in a population-based study. Cancer Epidemiol Biomarkers Prev. 2003;
12:876-81. [PubMed: 14504198]

18. Rennert H, Zeigler-Johnson CM, Addya K, et al. Association of susceptibility alleles in ELAC2/

HPC2, RNASEL/HPC1, and MSR1 with prostate cancer severity in European American and
African American men. Cancer Epidemiol Biomarkers Prev. 2005; 14:949-57. [PubMed:
15824169]

19. Hassel BA, Zhou A, Sotomayor C, Maran A, Silverman RH. A dominant negative mutant of 2-5A-

dependent RNase suppresses antiproliferative and antiviral effects of interferon. EMBO J. 1993;
12:3297-304. [PubMed: 7688298]

Cancer Epidemiol Biomarkers Prev. Author manuscript; available in PMC 2016 September 23.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Beuten et al.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

Page 12

Carpten J, Nupponen N, Isaacs S, et al. Germline mutations in the ribonuclease L gene in families
showing linkage with HPC1. Nat Genet. 2002; 30:181-4. [PubMed: 11799394]

Casey G, Neville PJ, Plummer SJ, et al. RNASEL Arg462GIn variant is implicated in up to 13% of
prostate cancer cases. Nat Genet. 2002; 32:581-3. [PubMed: 12415269]

Li H, Tai BC. RNASEL gene polymorphisms and the risk of prostate cancer: a meta-analysis. Clin
Cancer Res. 2006; 12:5713-9. [PubMed: 17020975]

Shook SJ, Beuten J, Torkko KC, et al. Association of RNASEL variants with prostate cancer risk in
Hispanic Caucasians and African Americans. Clin Cancer Res. 2007; 13:5959-64. [PubMed:
17908993]

Emi M, Asaoka H, Matsumoto A, et al. Structure, organization, and chromosomal mapping of the
human macrophage scavenger receptor gene. J Biol Chem. 1993; 268:2120-5. [PubMed: 8093617]

Xu J, Zheng SL, Hawkins GA, et al. Linkage and association studies of prostate cancer
susceptibility: evidence for linkage at 8p22-23. Am J Hum Genet. 2001; 69:341-50. [PubMed:
11443539]

Oba K, Matsuyama H, Yoshihiro S, et al. Two putative tumor suppressor genes on chromosome
arm 8p may play different roles in prostate cancer. Cancer Genet Cytogenet. 2001; 124:20-6.
[PubMed: 11165318]

SunJ, Liu W, Adams TS, et al. DNA copy number alterations in prostate cancers: a combined
analysis of published CGH studies. Prostate. 2007; 67:692—700. [PubMed: 17342750]

Dong JT. Chromosomal deletions and tumor suppressor genes in prostate cancer. Cancer
Metastasis Rev. 2001; 20:173-93. [PubMed: 12085961]

Chang BL, Liu W, Sun J, et al. Integration of somatic deletion analysis of prostate cancers and
germline linkage analysis of prostate cancer families reveals two small consensus regions for
prostate cancer genes at 8p. Cancer Res. 2007; 67:4098-103. [PubMed: 17483320]

Xu J, Zheng SL, Komiya A, et al. Germline mutations and sequence variants of the macrophage
scavenger receptor 1 gene are associated with prostate cancer risk. Nat Genet. 2002; 32:321-5.
[PubMed: 12244320]

Sun J, Hsu FC, Turner AR, et al. Meta-analysis of association of rare mutations and common
sequence variants in the MSR1 gene and prostate cancer risk. Prostate. 2006; 66:728-37.
[PubMed: 16425212]

Barrett JC, Fry B, Maller J, Daly MJ. Haploview: analysis and visualization of LD and haplotype
maps. Bioinformatics. 2005; 21:263-5. [PubMed: 15297300]

Storey JD, Tibshirani R. Statistical significance for genomewide studies. Proc Natl Acad Sci U S
A. 2003; 100:9440-5. [PubMed: 12883005]

French B, Lumley T, Monks SA, et al. Simple estimates of haplotype relative risks in case-control
data. Genet Epidemiol. 2006; 30:485-94. [PubMed: 16755519]

Chen YC, Giovannucci E, Kraft P, Hunter DJ. Association between genetic polymorphisms of
macrophage scavenger receptor 1 gene and risk of prostate cancer in the health professionals
follow-up study. Cancer Epidemiol Biomarkers Prev. 2008; 17:1001-3. [PubMed: 18398045]

Hope Q, Bullock S, Evans C, et al. Macrophage scavenger receptor 1 999C>T (R293X) mutation
and risk of prostate cancer. Cancer Epidemiol Biomarkers Prev. 2005; 14:397-402. [PubMed:
15734964]

Murabito JM, Rosenberg CL, Finger D, et al. A genome-wide association study of breast and
prostate cancer in the NHLBI’s Framingham Heart Study. BMC Med Genet. 2007; 8(Suppl 1):S6.
[PubMed: 17903305]

Hsing AW, Sakoda LC, Chen J, et al. MSR1 variants and the risks of prostate cancer and benign
prostatic hyperplasia: a population-based study in China. Carcinogenesis. 2007; 28:2530-6.
[PubMed: 17768178]

Klein EA, Silverman R. Inflammation, infection, and prostate cancer. Curr Opin Urol. 2008;
18:315-9. [PubMed: 18382242]

Yeager M, Orr N, Hayes RB, et al. Genome-wide association study of prostate cancer identifies a
second risk locus at 8q24. Nat Genet. 2007; 39:645-9. [PubMed: 17401363]

Thomas G, Jacobs KB, Yeager M, et al. Multiple loci identified in a genome-wide association
study of prostate cancer. Nat Genet. 2008; 40:310-5. [PubMed: 18264096]

Cancer Epidemiol Biomarkers Prev. Author manuscript; available in PMC 2016 September 23.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Beuten et al.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

Page 13

Chen YC, Giovannucci E, Kraft P, Hunter DJ. Sequence variants of elaC homolog 2 (Escherichia
coli) (ELAC2) gene and susceptibility to prostate cancer in the Health Professionals Follow-Up
Study. Carcinogenesis. 2008; 29:999-1004. [PubMed: 18375959]

Takahashi H, Lu W, Watanabe M, et al. Ser217Leu polymorphism of the HPC2/ELAC?2 gene
associated with prostatic cancer risk in Japanese men. Int J Cancer. 2003; 107:224-8. [PubMed:
12949798]

Yokomizo A, Koga H, Kinukawa N, et al. HPC2/ELAC?2 polymorphism associated with Japanese
sporadic prostate cancer. Prostate. 2004; 61:248-52. [PubMed: 15368467]

Robbins CM, Hernandez W, Ahaghotu C, et al. Association of HPC2/ELAC2 and RNASEL non-
synonymous variants with prostate cancer risk in African American familial and sporadic cases.
Prostate. 2008; 68:1790-7. [PubMed: 18767027]

Dong B, Kim S, Hong S, et al. An infectious retrovirus susceptible to an IFN antiviral pathway
from human prostate tumors. Proc Natl Acad Sci U S A. 2007; 104:1655-60. [PubMed:
17234809]

Urisman A, Molinaro RJ, Fischer N, et al. Identification of a novel Gammaretrovirus in prostate
tumors of patients homozygous for R462Q RNASEL variant. PLoS Pathog. 2006; 2:e25.
[PubMed: 16609730]

Silverman RH. Viral encounters with 2,5’ -oligoadenylate synthetase and RNase L during the
interferon antiviral response. J Virol. 2007; 81:12720-9. [PubMed: 17804500]

Roemeling S, Roobol MJ, de Vries SH, Gosselaar C, Van der Kwast TH, Schréder FH. Prevalence,
treatment modalities and prognosis of familial prostate cancer in a screened population. J Urol.
2006; 175:1332-6. [PubMed: 16515992]

Noe M, Schroy P, Demierre MF, Babayan R, Geller AC. Increased cancer risk for individuals with
a family history of prostate cancer, colorectal cancer, and melanoma and their associated screening
recommendations and practices. Cancer Causes Control. 2008; 19:1-12. [PubMed: 17906935]
Stone SN, Hoffman RM, Tollestrup K, Stidley CA, Witter JL, Gilliland FD. Family history,
Hispanic ethnicity, and prostate cancer risk. Ethn Dis. 2003; 13:233-9. [PubMed: 12785421]
Hayes RB, Liff JM, Pottern LM, et al. Prostate cancer risk in U.S. blacks and whites with a family
history of cancer. Int J Cancer. 1995; 60:361-4. [PubMed: 7829245]

Cunningham GR, Ashton CM, Annegers JF, Souchek J, Kilma M, Miles B. Familial aggregation of
prostate cancer in African-Americans and white Americans. Prostate. 2003; 56:256—-62. [PubMed:
12858353]

Cancer Epidemiol Biomarkers Prev. Author manuscript; available in PMC 2016 September 23.



1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuen Joyiny

Beuten et al. Page 14

Table 1
Clinical data of the study group
Subgroup Cases (n =872) Controls (n = 1,482)
No. (%) No. (%)

Ethnic background

Caucasian 596 (68.4) 840 (56.7)

Hispanic 194 (22.2) 454 (30.6)

African American 82 (9.4) 188 (12.7)
Age, iny

46-50 35 (4.0) 199 (13.4)

51-60 212 (24.3) 536 (36.1)

61-70 378 (43.4) 485 (32.7)

>70 247 (28.3) 262 (17.8)

Mean + SD 65.5+8.5 61.3+9.2 P<0.0001
Family history * 95 398

15t-degree relative 74 300

Brother 37 79
Father 52 247

2nd_degree relative 97 151
Age onset sporadic 66.3+£8.4 P<0.0001
Age onset familial 63.9+84
Disease aggressiveness (Gleason)

Total <7 332

Sporadic <7 215

Familial <7 117

Total 27 247

Sporadic 27 163

Familial 27 84
Prostate specific antigen (ng/mL)

<4.0 180 1482

4.1-10.0 36 0

10.1-20.0 3 0

>20.0 4 0

Mean + SD 3.16 +4.72 0.86 +0.44 P<0.0001

*
Family history data are from the SABOR cohort only.
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