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Abstract

Background—L.inkage studies have implicated chromosome 1924 as a putative locus for
hereditary prostate cancer. The RNASEL gene maps to 1924 and has been associated with prostate
cancer risk in multiple family-based linkage studies. The RMASEL gene product combats viral
infection by degrading viral RNA and inducing apoptosis of infected cells. Few studies have
evaluated the role of RMASEL variants in unselected or sporadic prostate cancer, or have
considered the potential interaction between RNASEL variants and patient characteristics
associated with past viral infection.

Methods—Ten SNPs in the RNASEL gene were genotyped in 1,308 prostate cancer cases and
1,267 age-matched controls from prior population-based, case-control studies. The association
between each SNP and haplotype with prostate cancer risk was calculated using logistic
regression. Associations stratified by Gleason score were evaluated using polytomous regression.
The likelihood ratio test was used to investigate effect modification by history of prostatitis.

Results—Two RNASEL SNPs were associated with overall increases in prostate cancer risk
(OR=1.13 for each variant allele of rs12723593; OR=1.88 for any variant allele of rs56250729).
Risk estimates did not vary substantially by Gleason score, but there was effect modification for
the variant allele of rs635261 by history of prostatitis (p=0.02).

Conclusions—This study identified three RMASEL variants that are associated with risk for
prostate cancer. Further research is required to confirm these results and to better understand the
potential role RMASEL variants may play in the etiology of sporadic prostate cancer.

Correspondence to: Janet L. Stanford, Janet L. Stanford (Jstanfor@fhcrc.org), Fred Hutchinson Cancer Research Center,
Epidemiology Program, 1100 Fairview Ave N, M4-B874, Seattle, WA 98109-1024.
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Introduction

Viruses are known to play a causal role in several types of cancer, including cervical, liver,
and head and neck cancers. The association between viral infection and cancer incidence
may be due to a virus’ ability to alter host tumor suppressor gene activity by inducing
hypermethylation of genomic DNA[1] or to instigate a state of chronic inflammation that
leads to carcinogenesis[2]. Studies regarding the role of viral infections in prostate cancer
have yielded mixed results. The strongest evidence for an association between viral infection
and prostate cancer comes from studies of xenotropic murine leukemia virus-related virus
(XMRV), which was first discovered in malignant prostate tumor tissue in 2006[3]. Most
recently, a study of prostate tissue collected at prostatectomy (cases) or transurethral
resection of the prostate (TURP controls) reported that infection with XMRV was more
frequent in tumor tissue from cases than controls, and the frequency of viral infection was
highest in cases with higher grade tumors[4].

If viruses play a role in prostate cancer, it is possible that polymorphisms in genes that are
activated by a specific viral infection could be associated with prostate cancer risk. The
RNASEL gene is one such gene that has several assigned functions for combating viral
infection, including causing targeted degradation of viral RNA[5] and inducing apoptosis of
infected cells[6]. In particular, RNASEL ’s ability to mediate apoptosis may be important in
prostate carcinogenesis. In addition, the effect of RAMASEL gene variants on prostate cancer
risk may vary depending on host characteristics related to immunity and history of exposure
to various infectious agents.

Several epidemiologic studies have investigated the association between RMASEL variants
and prostate cancer risk, with conflicting results. Most prior studies focused on hereditary
prostate cancer (HPC), as this gene was first implicated in a family-based linkage study of
HPC where affected men in two of 140 such families demonstrated mutations in RNASEL
that segregated in affected men[7]. However, subsequent studies failed to substantiate a role
for RNASEL in HPC [8-11]. Few studies have evaluated this gene in relation to sporadic
prostate cancer, which constitutes the majority of cases. In this analysis, the association
between RNASEL gene variants and prostate cancer was evaluated using data from two
population-based, case-control studies. Single nucleotide polymorphisms (SNPs) across the
gene region were selected for genotyping. The main effects of KNASEL variants on prostate
cancer risk were evaluated, followed by an investigation of whether a history of prostatitis
modified the risk estimate associated with each gene variant.
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Materials and Methods

Population

Study subjects were participants in one of two previously described population-based case-
control studies of prostate cancer in Caucasian and African-American residents of King
County, Washington (Study | and Study 1) [12,13]. Study | cases were diagnosed at ages 40
to 64 and between January 1, 1993 and December 31, 1996, and Study Il cases were
diagnosed at ages 35 to 74 and between January 1, 2002 and December 31, 2005. All cases
were ascertained through the Seattle-Puget Sound SEER cancer registry. In both studies
combined, 2,244 eligible prostate cancer cases were identified, 1,457 (64.9%) of which were
interviewed and provided blood for genotyping. Controls without a self-reported physician’s
diagnosis of prostate cancer were identified and recruited via random digit dialing. Controls
were frequency matched to cases in 5-year age groups and were recruited concurrently with
cases. A total of 2,448 eligible controls was identified, 1,352 (55.2%) of which were
interviewed and provided sufficient blood for genotyping. The analyses described here were
restricted to Caucasian participants (1,308 cases and 1,267 controls).

SNP genotyping

Twelve SNPs in RNASEL were selected for genotyping using data from the International
HapMap Project (http://hapmap.ncbi.nlm.nih.gov/), the Genome Variation Server (http://
gvs.gs.washington.edu/GVS/), and prior publications that evaluated variation in this gene.
Six SNPs were nonsynonymous: Gly59Ser (no rs#), 11e97Leu (rs56250729), E265X (no
rs#), S406F (no rs#), Argd62GIn (rs486907), and Asp541Glu (rs627928). The remaining
SNPs included one within intron 5 (rs11807829), four in the 3’ untranslated region (UTR)
(rs627839, rs635261, rs12723593, and rs12729828) and one in the 5’ promoter region
(rs682585). All SNPs were genotyped using the Applied Biosystems SNPlex Genotyping
System. Genotypes were called using the Applied Biosystems 3730xI DNA Analyzer with
GeneMapper Software (www.appliedbiosystems.com). Blind duplicates for 144 participants
were evenly distributed throughout the samples for quality control purposes. Cases and
controls were evenly distributed across genotyping batches, and laboratory personnel were
blinded to the case or control status of samples. Duplicate concordance was 100% for eleven
SNPs, and 99% for one SNP (rs627928). Genotyping failed for less than 1.5% of
participants for all SNPs. One SNP was found to be monomorphic (E265X) in our
population, and genotyping failed for one SNP (S406F).

Statistical analyses

All SNP genotypes were tested for departure from Hardy-Weinberg equilibrium using data
from controls. Logistic regression analyses were conducted to calculate odds ratios (ORS)
and 95% confidence intervals (Cls) for the odds of prostate cancer in men with various
RNASEL SNP genotypes. Two logistic regression models were constructed for each SNP in
order to estimate ORs for dominant and recessive genetic effects, and a third model was
constructed to estimate allele dosage effect (0, 1, or 2 minor alleles). We considered all three
genetic models for each SNP, and selected the model with the most statistically significant
odds ratio for presentation. In addition, multinomial logistic regression was used to estimate
the odds of lower grade (Gleason score < 3 + 4) and higher grade (Gleason score = 4 + 3)
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prostate cancer associated with SNP genotypes compared to controls. Multinomial models
were also used to compare risk of prostate cancer by stage (local vs. regional/distant) and by
a composite measure of aggressiveness (less vs. more). Comparatively more aggressive
cases were defined as having: Gleason score =7 (4+3), or regional or distant stage, or PSA
>20 ng/mL at diagnosis [14]. A x2 test was used to test for significant differences between
risk estimates for lower versus higher grade prostate cancer associated with each SNP
genotype. All regression models were adjusted for 5-year age groups, to account for the age
matching strategy used to select controls.

Family history of prostate cancer in a first-degree relative(s) and prostate cancer screening
within the five years prior to reference date (never, digital rectal examination only, or
prostate-specific antigen test) were considered as potential confounders. Results from age-
adjusted models were compared with models containing these potential confounders, which
did not change the risk estimates associated with each SNP by 10% or more. Thus, the final
logistic models were not adjusted for additional covariates.

To determine whether the effect of RMASEL polymorphisms on risk differed based on host
characteristics, logistic regression models including interaction terms for SNP genotype by
family history of prostate cancer, self-reported history of a sexually transmitted disease
(STD), and self-reported history of prostatitis were evaluated. Each characteristic was
treated as a binary variable, i.e., any first-degree family history of prostate cancer vs. none,
history of STD vs. none, and history of prostatitis vs. none. The likelihood ratio test was
used to compare the full (i.e., including the interaction term) vs. reduced models, and
stratified logistic regression models were constructed for SNPs with significant interactions
with family history or prostatitis.

For haplotype analyses, HPlus version 2.5 (http://cdsweb01.fhcrc.org/HPlus/default.aspx)
was used to construct haplotypes with the individual SNPs found to have at least a
borderline significant association with prostate cancer. In addition, Haploview version 4.1
was used to construct haplotype blocks using all 10 SNPs [15]. Haplotype blocks were
assembled in Haploview using the 95% CI method described by Gabriel et al. [16]. The
logistic regression analysis function within HPlus was used to estimate age-adjusted ORs
and 95% Cls for the association between each haplotype and prostate cancer risk.

A permutation procedure was used to account for multiple testing[17]. Each subject’s case-
control status was linked with age and then permuted to approximate the distribution of age-
adjusted p-values under the null hypothesis. Maintaining the link between case-control
status and age preserved the association between age and prostate cancer risk, and ensured
that the p-values calculated for the permutation analysis were comparable with the original
age-adjusted p-values. Permutation p-values were compared to nominal p-values to
determine if each association was statistically significant after adjustment for multiple
comparisons, as described previously [18].
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Ninety-one percent of controls and 88% of cases had no missing genotype data, and 3% of
controls and 6% of cases were missing data for more than one SNP. Less than 1% of cases
and controls were missing data for all SNPs. The median Gleason grade was 6, with 15.5%
(N = 202) of cases having a Gleason grade > 7 (4+3). All cases and controls were included
in the analyses involving SNPs for which they had genotyping data available, thus, the
number of cases and controls varies slightly for each set of analyses. None of the 10 SNPs
was found to deviate from Hardy-Weinberg equilibrium in controls (all p-values > 0.05).

Odds ratios for prostate cancer associated with each RMASEL SNP genotype are shown in
Table 1. One SNP (rs12723593) was associated with a borderline increase and one SNP
(rs56250729) with a significant increase in prostate cancer risk. For rs56250729, there was
an 88% (95% ClI: 1.05-3.34) elevation in the relative risk for prostate cancer in men
carrying the variant allele compared to those homozygous for the common allele. After
accounting for the effects of multiple testing, neither of these associations were statistically
significant.

When considering clinical features of disease, the rs486907 (R462Q) polymorphism was
associated with a significantly decreased relative risk for higher grade prostate cancer. As
shown in Table 2, men carrying at least one copy of the variant allele for rs486907 had a
28% decreased risk of higher grade prostate cancer (OR = 0.72, 95% CI: 0.53 — 0.98)
compared to controls, but this association was no longer significant after accounting for
multiple testing. No association was observed between this SNP genotype and lower grade
prostate cancer. The associations observed between the two SNPs associated with overall
prostate cancer (rs12723593 and rs56250729) maintained borderline statistical significance
for men with lower grade prostate cancers only. None of the ORs, however, was
significantly different between lower vs. higher grade tumors. In addition, the results of
these analyses did not vary when a composite measure of prostate cancer aggressiveness was
used as the outcome variable (data not shown).

There was no significant interaction between any RMASEL SNP and family history of
prostate cancer (data not shown). However, a significant interaction was found between
rs635261 and a history of prostatitis (p = 0.02). For this SNP, the minor allele (C) was
associated with a significant decrease in the relative risk of prostate cancer in men with a
history of prostatitis (OR = 0.51, 95% CI: 0.29 — 0.88), but was not associated with prostate
cancer in men with no history of prostatitis (OR = 0.98, 95% ClI: 0.83 — 1.16). As was the
case for the results described above, this association was no longer significant after
accounting for multiple testing.

Four common haplotypes were identified using the two SNPs found to be associated with
overall prostate cancer risk (rs56250729 and rs12723593). One haplotype, consisting of the
major allele of rs56250729 and the minor allele of rs12723593 was found to be associated
with an increased risk of prostate cancer (OR = 1.12, 95% CI: 1.01 — 1.25, p = 0.03). This
result does not differ substantially from what was observed in single SNP analyses.
Haploview identified three haplotype blocks within the 10 RNASEL SNPs included in this
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analysis (Figure 1). Block 1 consisted of rs12723593 and rs635261, Block 2 consisted of
rs12729828 and rs627839, and Block 3 consisted of rs627928 and rs486907. Only Blocks 1
and 2, both located in the 3’ UTR of RNASEL, were significantly associated with prostate
cancer risk. While the association between the GG haplotype (i.e., minor allele of
rs12723593 and major allele of rs635261) of Block 1 and prostate cancer did not
substantially differ from the single SNP analyses of the constituent SNPs (OR = 1.15, 95%
Cl: 1.01 -1.32, p = 0.04), the association between Block 2 and prostate cancer is
unexpected, given the null single SNP results. A haplotype consisting of the major alleles of
rs12729828 and rs627839 (C and G, respectively) was associated with a modestly reduced
relative risk of prostate cancer (OR = 0.86, 95% CI: 0.76 — 0.97, p = 0.02). While this
association is consistent with what was observed in the single SNP analyses, it is only
statistically significant in the haplotype analysis.

Discussion

These analyses of ten SNPs in RNASEL in relation to prostate cancer revealed two SNPs
that were associated with overall prostate cancer risk. However none of the risk estimates
varied substantially by Gleason score. In addition, an interaction was observed between one
SNP genotype and self-reported history of prostatitis.

Of the two SNPs associated with prostate cancer in this analysis, rs56250729 was associated
with an 88% increase in prostate cancer risk, and rs12723593 was associated with a 13%
increase in risk. Table 3 places these results (and those discussed above) in context of prior
publications. Rs56250729 has been investigated in two previous studies, neither of which
found an association with either familial or unselected prostate cancer [9,11]. This SNP is a
coding, non-synonymous polymorphism located in the third ankyrin repeat of the RNASEL
protein in a region known to be important in coordinating the conformational changes
required for RNASEL dimerization and enzymatic activity [19,20]. Although its placement
in the protein suggests that rs56250729 could be functionally important, an in vitro study
demonstrated that the variant does not alter RNASEL pro-apoptotic activity[6]. To our
knowledge, no previous studies have investigated the association between rs12723593 and
risk of prostate cancer.

When considering clinical features of disease, the minor allele (A) of rs486907 was found to
be associated with a 28% decreased relative risk for higher Gleason score cancer, although
the test for the difference between the risk estimates for lower vs. higher grade prostate
cancer was not significant. A prior case-control study conducted by Rennert et a/. also
investigated rs486907 in the context of prostate cancer grade, and found that the A allele of
rs486907 was associated with an increased risk of lower Gleason score (i.e., Gleason < 7)
prostate cancer among sporadic cases, and a decreased risk of lower Gleason score cancer
among familial cases [21]. We found no evidence for interaction between any RNASEL
SNPs and family history, and thus did not perform a similar stratified analysis. Breyer and
colleagues also investigated rs486907 as a risk factor for familial prostate cancer, and found
that the A allele was associated with risk for all grades of prostate cancer, but not
specifically with higher grade tumors [22]. Although it is difficult to identify a theme in
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these disparate results, there is a suggestion of some association between rs486907, family
history, and prostate cancer grade that remains to be elucidated.

In addition to the two studies cited above [21,22], the rs486907 SNP has been studied in
several other studies of familial or hereditary prostate cancer (Table 3). Casey and
colleagues found an increased risk for familial prostate cancer associated with the A allele
[23], while Wang et al. reported the opposite effect[9]. Rokman et al. found a non-
significant association, but with a point estimate indicating increased risk for familial
prostate cancer associated with the A allele (OR = 1.96, 95% CI: 0.95 — 4.03)[10]. In
contrast to prior research, the present analysis found no association between rs486907 and a
first-degree family history of prostate cancer, which was reported by 22% of cases and 11%
of controls.

There is more agreement among published studies concerning the association between
rs486907 and sporadic or unselected prostate cancer. A case-control study conducted in an
ethnically diverse population reported a significant association between rs486907 and
unselected prostate cancer in Hispanics and African-Americans, but this association did not
extend to Caucasians[24]. Studies of this SNP and sporadic prostate cancer conducted in
Finland[10] and the United States[9] found no significant association. Studies of unselected
prostate cancer cases conducted in Germany[11] and within a United States cohort study[25]
also found no association with rs486907. Finally, our study found no association between
this SNP and unselected prostate cancer. Taken together, these results indicate that the
biological effect of the rs486907 polymorphism differs between sporadic and familial cases,
and perhaps between ethnic groups.

A previous study of the biochemical properties of missense mutations in RNASEL
determined that the rs486907 variant strongly affects the pro-apoptotic activity of RNASEL
[6]. This SNP corresponds to an amino acid change in the kinase domain of RNASEL that
inhibits the ability of RNASEL to dimerize into its active form. Consequently, the rare
Arg462GIn substitution produces a protein with approximately one-third the apoptotic
activity of wild-type RNASEL protein [6]. Although several other non-synonymous
polymorphisms in RNASEL have been identified, none has been shown to substantially alter
RNASEL enzymatic activity. As such, additional laboratory studies are needed to determine
whether RNASEL enzyme activity is relevant to viral-mediated prostate carcinogenesis, and
to the development of higher-grade tumors.

Variation in RNASEL has also been studied in conjunction with XMRV virus infection. The
first relevant study was performed in 86 prostate tumor specimens, and reported that viral
infection was present in 40% of prostate cancer cases homozygous for the rare allele of
rs486907, compared to only 1.6% of cases with one or more copies of the common allele
[3]. The overall frequency of the rare allele was 31%. This study, conducted by Urisman and
colleagues, did not compare demographic or clinical features of subjects with and without
evidence of XMRYV infection, therefore it is difficult to evaluate the results of the present
study in the context of that prior investigation. A subsequent study conducted by Schlaberg
et al. built on these findings by investigating both cancer-free control tissues obtained from
TURP procedures and prostate cancer specimens. That study found no association between
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RNASEL genotype and either prostate cancer risk or the prevalence of XMRV infection.
[4]. However, prostate tumor tissue was more likely than TURP control tissue to show
evidence of prior XMRV infection. The frequency of the rare allele in prostate cancer cases
was higher in the Schlaberg study (44%) than in the Urisman et al. study (31%) or in our
study (36%). Neither prior study states whether deviation from Hardy-Weinberg equilibrium
was observed for this SNP. In the present study, we observed that the rare allele, which is
associated with reduced apoptotic activity, is associated with a decreased relative risk of
higher grade prostate cancer. Although Schlaberg et al. reported that patients infected with
XMRV were more likely to have higher Gleason grade tumors, they did not investigate
whether RNASEL variant status was associated with Gleason grade.

Finally, an interaction between rs635261 genotype and prostate cancer was found in men
with a history of prostatitis. A prior study found no association between this SNP and
unselected prostate cancer [25]. Prostatitis and prostate inflammation in general has been
associated with an increased prostate cancer risk in several epidemiologic studies, although
most did not account for potential confounding effects of PSA screening [26]. A prospective
study of men with negative initial prostate biopsy results found that 20% of men with
chronic prostate inflammation at the time of the initial biopsy had prostate cancer diagnosed
within the next five years, compared to 6% of men with no evidence of prostate
inflammation at time of initial biopsy[27]. A recent prospective study of over 68,000 men
reported that a history of prostatitis was associated with a 30% increased risk of prostate
cancer over 3-4 years of follow-up, compared to men with no history of prostate
inflammation[28]. In the study presented here, information on prostatitis was limited to self-
reported history of prostatitis collected at study enrollment. We were unable to evaluate age
of onset or duration of prostatitis, both of which may be important to consider. Further, the
majority of prostatitis cases are of unknown etiology, and may or may not be associated with
viral infection[29]. Thus, while our observation of statistical interaction between an
RNASEL SNP and a history of prostatitis is not surprising, it is impossible to draw
conclusions from these data about the role of RNASEL variants in inflammation-related
prostate carcinogenesis.

Another RNASEL variant, rs627928, has been inconsistently associated with prostate cancer
risk in prior studies, but was not found to be associated with prostate cancer in this analysis.
A study conducted in Sweden found a borderline significant association between rs627928
and sporadic prostate cancer [8], and a U.S. study found that this SNP was associated with
an OR of 0.64 (p = 0.018) for familial prostate cancer [22]. In an earlier Swedish study of
sporadic and familial prostate cancer, no association was found between rs627928 genotype
and prostate cancer risk [10]. And, two studies conducted within the Physicians’ Health
Study[25] and in Germany[11] found no association between this SNP and unselected
prostate cancer in Caucasians[25]. However, a study conducted in a Japanese population
reported a significant 7-fold increase in risk for familial prostate cancer in men homozygous
for the variant allele of rs627928 [30]. These inconsistencies may be attributable to
differences in study design, or in the underlying genetic characteristics of the populations
studied.
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These analyses did not find any association between any subset of prostate cancer and the
remaining three genotyped SNPs: rs11087829, Gly59Ser, and rs682585. This negative
finding is consistent with the case-control study conducted within the Physicians’ Health
Study, which also found no association between rs11087829 or rs682585 and prostate
cancer risk[25], and a Finnish case-control study that found no association between
Gly59Ser and prostate cancer[10].

A 2-SNP haplotype in the 3’ UTR of RMASEL was found to be associated with prostate
cancer risk. This result did not differ substantially from the single-SNP analyses. However,
the 3’ UTR of RNASEL is known to control stability of RNASEL mRNA, [31] and further
investigation of variation in this region may be warranted.

A major strength of this study is its population-based, case-control design, and the
availability of clinical and family history data on participants. While several other studies
have analyzed RNASEL variants as risk factors for sporadic prostate cancer, ours is the first
population-based study of unselected prostate cancer conducted in the United States. Other
prior studies enrolled subjects from ongoing cohorts (e.g., The Physician’s Health Study in
Meyer et al., 2010) or via physician referral (e.g. Wang et al., 2002). Two other population-
based studies of RNASEL and non-familial prostate cancer have been conducted in
Sweden[8] and Finland[10]. However, these European studies may not be generalizable to
the United States due to substantial differences in screening and early detection for prostate
cancer in Europe [32], as well as potentially different allele frequencies in Finland’s
relatively isolated population[33].

In contrast with previous studies that concentrated on main effects of RNASEL variants, the
availability of detailed information on family history and history of prostatitis allowed
investigation of effect modification by characteristics potentially related to RNASEL
function /n vivo. However, these patient characteristics were self-reported, and thus may be
susceptible to information bias. This study also contributes to the literature on genetic risk
factors for sporadic prostate cancer, which may be etiologically distinct from familial/
hereditary prostate cancer. The associations described in this study are modest, and do not
persist after adjustment for multiple comparisons. However, this study was motivated by an
a priorihypothesis generated by previously published studies, and therefore a lenient
approach towards multiple comparisons may be warranted in this context [34]. This study
was also limited to a racially homogeneous population, and thus the results may only be
applicable to men of European ancestry.

Conclusions

This study identified several RNASEL variants that warrant further investigation for their
potential role in prostate cancer etiology. In addition, there is some evidence for effect
modification by a history of prostatitis. While several of these associations align with
previous studies of RMASEL variants and risk of prostate cancer, they implicate several
previously unstudied RMASEL SNPs, and are the first to indicate potential effect
modification by prostatitis history. Thus, additional larger studies are required to confirm
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these observations, particularly the potential for interaction in relation to prostate cancer and
genetic variation across the RNASEL gene.
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Haplotype blocks in RNASEL, created in Haploview using the 95% CI method described by
Gabriel et al.[16] Numbers indicate pairwise D’, with blank boxes indicating D’ = 1. Darker
shading indicates higher degrees of pairwise r2 correlation, such that r2 = 1 is shown as

black, and r2 = 0 is shown as white.
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