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a b s t r a c t

Background: We previously identified a novel exogenous gammaretrovirus (xenotropic murine leukemia
virus-related gammaretrovirus (XMRV)) using a pan-viral microarray. XMRV is the first MLV-related virus
found in human infection. Forty percent (8/20) of familial prostate cancer patients homozygous for a
mutation in RNase L (R462Q) were positive for XMRV, while the virus was rarely (1/66) detected in familial
prostate cancer patients heterozygous for R462Q or carrying the wild type allele.
Objectives: To determine the presence of XMRV in non-familial prostate cancer samples.
Study design: RNA from prostate tissue was analyzed for XMRV using nested RT-PCR. In all samples, RNase
L (R462Q) genotyping was performed using an allele-specific PCR.
Results: XMRV-specific sequences were detected in one of 105 tissue samples from non-familial prostate
cancer patients and from one of 70 tissue samples from men without prostate cancer. The two XMRV-
positive patients were wild type or heterozygous for the R462Q mutation and thus carried at least one
fully functional RNase L allele.
Conclusions: XMRV was rarely detected in non-familial prostate cancer samples from Northern European
patients. The homozygous mutation R462Q (QQ) was significantly underrepresented (<6%) in this cohort
when compared to other studies (11–17%).

© 2008 Elsevier B.V. All rights reserved.

1. Introduction

Prostate cancer is the most frequent cancer of men in North
America and Europe. Well known factors contributing to the
risk of prostate cancer are age, androgens, environmental and
genetic factors.1 Sporadic (non-familial) prostate cancer is the
most common form of prostate cancer (80–90%) and its inci-
dence increases with age. Familial prostate cancer, which accounts
for 10–20% of all prostate cancer cases, occurs much earlier in
life and is defined as prostate cancer occurring in individuals
with three or more first degree relatives who had prostate can-
cer.

Recent work emphasizes that prostate cancer is frequently
associated with chronic prostatic inflammation. A lesion called
proliferative inflammatory atrophy is often found in the premalig-

Abbreviations: PCR, polymerase chain reaction; PCA, prostate cancer; SNP, sin-
gle nucleotide polymorphism; XMRV, xenotropic murine leukemia virus-related
virus; PSA, prostate specific antigen; PIA, proliferative inflammatory atrophy; HPC,
hereditary prostate cancer.
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nant stages of the disease.1 Viral infections may be triggers for the
inflammatory process. However, epidemiological studies designed
to detect links between specific viral infections and prostate cancer
have been inconclusive.2–9

Recently, a new gammaretrovirus, xenotropic murine leukemia
virus-related gammaretrovirus (XMRV), was discovered in pro-
static tissue from patients with familial prostate cancer;10

specifically in patients homozygous for a missense mutation in
the RNase L gene, R462Q. Fluorescence in situ hybridization
revealed that prostatic stroma cells were infected at low frequency
(0.5–1.2%).

RNase L, an endoribonuclease of the antiviral defense
pathway, was one of the first prostate cancer susceptibil-
ity genes recognized. The missense mutation R462Q has been
linked to hereditary prostate cancer 11–13 and has been impli-
cated in up to 13% of all prostate cancer cases in some
studies.11 Not all studies have confirmed this finding, perhaps
because of differences in population genetics or environmental
factors.14–16

In the present study, we analyzed 105 RNA samples from the
prostate tissue of 87 sporadic prostate cancer patients and also
biopsy samples from 70 healthy men without prostate cancer for
the presence of XMRV.
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Table 1
Clinical and pathological data of all patients

Sample Age Group PSA (ng/ml) Free PSA (%) Tumor-stage Gleason-score

1 36 B 0.33 51.52 NA NA
2 45 B 0.25 84 NA NA
3 48 B 0.6 53.33 NA NA
4 51 B 0.45 37.87 NA NA
5 34 B 0.2 95 NA NA
6 33 B 0.22 50 NA NA
7 46 B 0.57 54.39 NA NA
8 45 B 0.81 38.27 NA NA
9 43 B 0.6 53.33 NA NA

10 40 B 0.44 52.27 NA NA
11 57 B 0.2 30 NA NA
12 56 B 0.35 25.71 NA NA
13 57 B 0.49 30.61 NA NA
14 63 B 0.75 24 NA NA
15 56 B 1.01 50.5 NA NA
16 57 B 1.12 31.25 NA NA
17 55 B 0.81 24.69 NA NA
18 56 B 0.42 35.71 NA NA
19 52 B 0.63 49.21 NA NA
20 57 B 0.82 21.95 NA NA
21 55 B 0.83 24.1 NA NA
22 65 B 0.5 NA NA NA
23 63 B 0.69 34.78 NA NA
24 64 B 0.86 27.91 NA NA
25 55 B 1.1 25.45 NA NA
26 80 B 20.54 12.37 NA NA
27 64 B NA NA NA NA
28 63 B 6.53 20.52 NA NA
29 52 B 8.15 18.53 NA NA
30 66 B 6.28 30.89 NA NA
31 65 B 13.39 29.42 NA NA
32 70 B 27.54 10.64 NA NA
33 65 B 3.05 31.15 NA NA
34 57 B 5.32 22.37 NA NA
35 77 B NA NA NA NA
36 71 B 3.05 9.18 NA NA
37 70 B 7.52 23.94 NA NA
38 71 B 10.46 18.36 NA NA
39 60 B 6.4 19.69 NA NA
40 60 B 6.36 17.45 NA NA
41 66 A 5.6 21.79 pT2c 3 + 3
42 65 A 2.85 21.05 pT2c 3 + 3
43 58 A 4.99 11.82 pT2c 3 + 3
44 67 A 4.07 23.83 pT2c 3 + 3
45 68 A 6.1 15.9 pT2a 3 + 3
46 62 A 3.14 14.01 pT2c 3 + 4
47 63 A 8.53 8.79 pT2c 3 + 4
48 65 A NA NA NA 3 + 3
49 62 A 7.84 23.85 pT2c 3 + 3
50 50 A 6.42 12.31 pT2a 3 + 3
51 51 A 7.86 14.5 pT2c 3 + 3
52 50 A 3.69 25.75 pT2c 3 + 3
53 68 A 5.91 19.8 pT3b 4 + 3
54 69 A 3.67 16.08 pT2a 4 + 3
55 65 A 9.81 9.68 pT3a 4 + 3
56 68 A 11.35 8.11 pT3a 5 + 4
57 63 A 9.26 18.79 pT2c 4 + 3
58 54 A 5.8 8.1 pT2c 3 + 3
59 64 A NA NA pT2c 3 + 4
60 52 A 3.61 13.57 pT2c 3 + 2
61 65 A 6.02 10.3 pT3a 3 + 4
62 64 A 2.68 23.88 pT2a 3 + 3
63 71 A 9.67 11.48 pT3a 4 + 3
64 62 A 6.4 6.72 pT3a 4 + 3
65 – A 9.32 4.4 pT2c 3 + 2
66 60 A NA NA pT2c 3 + 4
67 52 A 8.77 8.32 pT2c 3 + 4
68 – A 3.34 15.27 pT3a 3 + 3
69 57 A 5.46 20.88 pT2c 3 + 3
70 57 A 5.33 14.45 pT3b 4 + 3
71 67 A 11.91 9.15 pT2c 4 + 3
72 53 A 3.04 15.46 pT2c 3 + 4
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Table 1 (Continued)

Sample Age Group PSA (ng/ml) Free PSA (%) Tumor-stage Gleason-score

73 62 A 9.11 9.77 pT2c 3 + 3
74 63 A 9.38 6.18 pT2c 3 + 3
75 67 A 5.13 15.01 pT2c 3 + 3
76 66 A 12.27 14.83 pT3b 3 + 4
77 57 A 24.17 28.71 pT2c 3 + 3
78 66 A 3.7 12.16 pT2c 3 + 4
79 65 A 6.2 4.52 pT2c 3 + 4
80 54 A 9.53 5.14 pT2a 4 + 3
81 58 A 17.98 13.24 pT3a 4 + 3
82 53 A 5.52 13.22 pT2c 3 + 4
83 62 A 4.48 7.81 pT2a 3 + 4
84 70 A 3.56 18.82 pT2c 3 + 3
85 61 A 3.15 21.9 pT3a 3 + 4
86 58 A 6.48 6.48 pT2c 3 + 4
87 65 A 10.28 10.21 pT2c 3 + 4
88 54 A 22.62 4.02 pT3a 3 + 4
89 65 A 16.71 6.1 pT2a 4 + 4
90 71 A 6.19 16.16 pT2c 3 + 3
91 54 A 7.31 7.8 pT2c 3 + 4
92 62 A 7.85 6.62 pT2c 3 + 4
93 64 A 5.75 9.91 pT2c 3 + 3
94 63 A 5.04 8.5 NA 3 + 3
95 73 A 10.13 20.24 NA 3 + 4
96 69 A 6.22 9.8 NA 3 + 4
97 60 A 9.18 13.2 NA 4 + 4
98 69 A 17.98 1.7 NA 3 + 4
99 73 A 29.76 5.7 NA 3 + 4

100 57 A 7.09 14.1 NA 3 + 3
101 60 A 4.02 17.7 NA 3 + 3
102 75 A 6.75 21 NA 3 + 3
103 64 A 4.54 29.7 NA 3 + 3
104 72 A 6.94 1.2 NA 4 + 3
105 65 A 10.59 18.1 NA 3 + 3
106 59 A 8.67 18.2 NA 4 + 3
107 71 A 2.79 17.6 NA 3 + 3
108 49 A 1.12 24.1 NA 3 + 3
109 66 A 8.17 7.6 NA 5 + 3
110 65 A NA NA pT3a 3 + 4
111 71 A NA NA pT2c 4 + 3
112 48 A NA NA pT2c 3 + 3
113 67 A NA NA pT3b 4 + 3
114 62 A NA NA pT3b 4 + 3
115 76 A NA NA pT3b 3 + 4
116 58 A NA NA pT3b 3 + 4
117 63 A NA NA pT2c 3 + 4
118 59 A NA NA pT3b 3 + 4
119 69 A NA NA pT3b NA
120 67 A NA NA pT2b 3 + 3
121 70 A NA NA pT3a 3 + 4
122 60 A NA NA pT3b 3 + 4
123 70 A NA NA pT3b 4 + 3
124 67 A NA NA pT3b 3 + 4
125 67 A NA NA pT2c 3 + 3
126 44 A 2.77 13 NA NA
127 65 A 10.46 12.05 NA NA
128 67 B 4.63 13.6 NA NA
129 62 B 3.54 13.37 NA NA
130 68 B 14.78 17.48 NA NA
131 55 B 4.78 22.18 NA NA
132 70 B 10.52 19.1 NA NA
133 67 B 3.49 24.64 NA NA
134 44 B 3.74 14.44 NA NA
135 69 B 9.14 18.2 NA NA
136 59 B 5.33 12.4 NA NA
137 63 B 4.1 14.2 NA NA
138 57 B 1 35 NA NA
139 61 B 9.72 21.71 NA NA
140 60 B 4.58 34.7 NA NA
141 66 B 4.6 30.65 NA NA
142 67 B 5.42 35.1 NA NA
143 62 B 4.1 17.6 NA NA
144 75 B 3.89 28.3 NA NA
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Table 1 (Continued)

Sample Age Group PSA (ng/ml) Free PSA (%) Tumor-stage Gleason-score

145 56 B 9.23 21.9 NA NA
146 65 B 4.94 13.3 NA NA
147 64 B 15.58 10.14 NA NA
148 71 B 7.52 17.6 NA NA
149 71 B 6.17 23.82 NA NA
150 72 B 2.79 34.4 NA NA
151 47 B 2.76 17 NA NA
152 67 B 2.87 35.5 NA NA
153 53 B 5.5 18.9 NA NA
154 65 B 5.84 36.5 NA NA
155 62 B 4.94 21.1 NA NA
156 65 B 9.02 21.1 NA NA
157 54 B 5.97 13.1 NA NA

NA: “not analyzed”.

2. Methods

2.1. Tissue sampling and RNA isolation

We studied histological tumor-free prostate biopsies from 87
patients (Group A; samples 41–127) with confirmed cancer under-
going radical prostatectomy at the Urology Department of the
University Hospital Hamburg-Eppendorf, and from 70 control
donors (Group B). Group B samples 1–40 were from men defined
as healthy according to the following parameters: serum PSA
<1 ng/ml; no family history of prostate cancer; normal transrec-
tal ultrasound or negative digital rectal examination. Group B
samples 128–157 were from men with multiple negative biopsy
series.

In some patients with a large prostate cancer, biopsies were
taken from the cancerous region (T) as well as from the region
without signs of cancer (N) as confirmed by histology.

Tissue specimens were collected strictly from the peripheral
zone of the prostate by ultrasound-guided transrectal biopsy.
Samples were fixed in RNAlater (Qiagen) and RNA was isolated
using RNeasy-columns (Qiagen) followed by RNA quality control
using an Agilent 2100 bioanalyzer (Agilent Technologies, Inc.).
Clinical and pathological data for all individuals are shown in
Table 1. The study was approved by the local ethics committee
(no. OB-052-04).

2.2. XMRV RT-PCR; sequencing and clustering of XMRV gag
sequences

XMRV-specific RT-PCR was performed as described
previously.10 Briefly, total RNA extracted from tissue obtained
by needle biopsy was analyzed in a nested RT-PCR reaction
using XMRV specific primers. PCR fragments were gel purified
using QIAEX II gel extraction kit (Qiagen) cloned into pCR2.1-TA
vector (Invitrogen) and sequenced. For phylogenetic tree anal-
ysis, a published sequence set was used.10 The gag sequences
were aligned with ClustalX version 1.82 17,18 using default
settings.

2.3. RNase L genotyping and quantitative real-time PCR

Allele-specific PCR to detect single nucleotide polymorphism
R462Q was performed as described.11 Briefly, this allele-specific
PCR utilized two primers, each with the 3′ terminal base comple-
mentary to one of the alleles to be identified. Two separate PCR
amplification reactions using the same reverse primer were per-
formed to detect each allele. For the quantitative real time PCR,
100 ng of total RNA was reverse transcribed in a total volume of

25 !l using random primers. 5 !l of cDNA were amplified using
the Qiagen SyBr Green Master Mix on a Biorad iCycler according
to manufacturer’s instructions. Each experiment was performed in
triplicate. The primers used were described recently.19

DU145 and LNCaP, two prostate cancer cell lines (American Type
Culture Collection), were cultured in RPMI medium supplemented
with 10% FCS.

3. Results

3.1. Low frequency of XMRV in sporadic prostate cancer

The gammaretrovirus XMRV was originally identified in RNase
L-deficient prostate cancer tissue of patients with familial prostate
cancer. In the absence of epidemiological data for XMRV, the
present study was initiated to extend the search for XMRV-specific
sequences to include patients with sporadic prostate cancer inde-
pendent of the RNase L status. Only one sample of 105 obtained
from the sporadic prostate cancer patients was positive for XMRV
(0.95%) by RT-PCR. Additionally, XMRV sequences were detected in
one of the 70 (1.42%) RNA samples from prostate tissue of healthy
donors (Table 2).

To examine the relationship between the amplified sequences
and those previously published for XMRV,10 the gag region from
both samples was amplified by nested RT-PCR and sequenced.
The sequences were highly similar (Fig. 1), showing 98–99%
sequence identity within a 390-bp region of gag, suggesting
that the amplified sequences are indeed from the same virus,
XMRV.

3.2. RNase L genotyping

Data from our earlier studies provide evidence that functional
mutations in RNase L might be important for the acquisition of
XMRV. In the present study, an allele-specific PCR 11 for the SNP
R462Q within RNase L was performed (Fig. 2). Neither of the two
XMRV-positive samples was homozygous for the R462Q muta-
tion. The prostate cancer sample (sample 57) was heterozygous
(QR) and the control sample (sample 6) displayed a wild type
(RR) RNase L genotype. The results obtained by PCR were con-
firmed by sequencing (Fig. 2B). Table 3 summarizes the results
of the RNase L SNP R462Q genotyping of all samples included in
the study. Only a few of the samples (<6%) showed the homozy-
gous QQ genotype previously reported to be present in 13–15%
of control cases, sporadic prostate cancer samples and famil-
ial prostate cancer samples.11,12,15,16,20–22 The distribution of wild
type and heterozygous mutations was concordant with published
results.
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Fig. 1. XMRV gag sequences derived from sporadic and familial prostate cancer samples. Phylogenetic tree comparing a 390-nt RT-PCR gag fragment amplified from sporadic
tumor samples (57 in Group A and 6 in Group B) with recently published XMRV sequences from familial prostate cancer patients.10 The sequences were aligned using ClustalX
and the tree was generated using the neighbor-joining method. Sequences are labeled as xenotropic (X), polytropic (P), modified polytropic (Pm), or ecotropic (E).

3.3. RNase L expression

Relative RNase L mRNA expression levels were assayed in XMRV-
positive samples using quantitative real time RT-PCR. LNCaP cells,
which have an inactivating deletion mutation in one allele of
RNASEL.20 These cells had a 20-fold reduction in RNase L expres-
sion levels compared to DU145 cells (Fig. 3). In contrast, the two
XMRV-positive samples (6 and 57) did not have reduced RNase
L expression when compared to DU145 cells. Randomly selected
samples from our cohort representing Group A and Group B did
not show major differences in RNase L expression. However, we
observed a 50-fold difference in RNase L mRNA expression when
comparing RNA from tumor cells (T) with normal tissue (N) from

patient 117. Two other samples, 118 and 119, did not show major
differences in RNase L expression between tumor cells and normal
cells.

Table 2
XMRV detection using nested gag RT-PCR

PCA (Group A) Control (Group B)

XMRV RT (+) 1/105 1/70
Median age (yrs) 61.1 58.5

Total RNA isolated from prostate tissue from patients with prostate cancer (PCA)
was analyzed for the presence of XMRV sequences using an RT-nested PCR. GAPDH
was amplified in parallel as an internal control.
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Fig. 2. Allele-specific PCR for the genotyping of the R462Q (A1385G) mutation in
the RNase L gene. Ethidium bromide stained agarose gel showing PCR-positive frag-
ments of RNase L using allele-specific forward primers Q (left) or R (right) in separate
PCR reactions with a common reverse primer R. RNA from prostate cancer cell
lines LNCaP (Genotype QR) and DU145 (Genotype RR) were used as controls. (B)
Nucleotide sequence of the two XMRV positive PCR fragments from tumor samples
shown in (A). Nucleotide exchange at position 1385 is shown in light grey.

Fig. 3. RNase L mRNA expression in prostate tissue samples. RNase L mRNA expres-
sion was measured by quantitative real time PCR as described in Section 2. Standard
deviations from three independent experiments (four replicates each) are shown.
Prostate cancer cell lines DU145 and LNCaP (shown as black bars) were used as con-
trols. RNase L mRNA levels from healthy control patients (Group B) are shown in light
grey, samples from PCA patients (Group A) are shown as white bars. T indicates RNA
from tumor region, N stands for RNA from normal tissue. The two XMRV-positive
cases are indicated as speckled bars. The RNase L genotype of all samples is shown
in brackets.

Table 3
RNase L genotyping of SNP R462Q

Study group Number screened RNASEL (SNP 462) Sample type

RR RQ QQ

PCA (Group A) 87 51 29 7 Tissue DNA
Control (Group B) 70 42 24 4 Tissue DNA

DNA from prostate tissue from patients with prostate cancer (PCA) was analyzed
for the presence of a single nucleotide polymorphism (SNP) at amino acid position
462 within the RNase L gene. RR, RQ, QQ: wild type, heterozygous and homozygous
genotype, respectively.

4. Discussion

XMRV, a novel gammaretrovirus, was recently identified in
familial prostate cancer samples using a pan-viral microarray.10

Our earlier studies suggested that functional mutations in RNase L
might be important for the acquisition of XMRV. Almost all XMRV-
positive prostate cancer cases described so far carry a mutation
within RNase L (R462Q), resulting in reduced RNase L activity.10

However, the current study found only a low prevalence of
XMRV in non-familial prostate tissue of men in Northern Europe.

RNase L, an endoribonuclease of the antiviral defense pathway,
was one of the first susceptibility genes discovered in prostate
cancer. The HPC1 (hereditary prostate cancer) locus was linked
to prostate cancer in several genetic linkage studies performed
in North America and Finland.11,12,20,23 This finding was not be
confirmed in a large case control study recently conducted in
Germany.16 RNase L is implicated in the interferon-mediated anti-
viral defence pathway and has been shown to play a role in several
models of viral infection including influenza A, West Nile virus and
herpes simplex virus.21,22,24–26

In our previous study, XMRV was detected in familial prostate
cancer patients homozygous for the R462Q variant (QQ) of RNase
L.10 Overall, 40% (8/20) of patients homozygous for the SNP
R462Q (QQ) has XMRV infection, whereas only 1.5% (1/66) patients
heterozygous (QR) or carrying the wild type allele (RR) were
XMRV-positive. Subsequent in vitro experiments demonstrating
that XMRV replication increases with reduced RNase L activity fur-
ther corroborated our previous results.27

So far, there are no epidemiological data regarding the preva-
lence of XMRV in prostate tissue, independent of the RNase L status.
The prevalence of XMRV in our cohort was low (1.14%). The two
XMRV-positive patients were heterozygous (HR) or wild type (RR)
genotype and showed no deficiency in RNase L expression. These
results are in accord with our previous observation that XMRV
sequences are predominantly found in prostate cancer patients
with a deficiency in RNase L and only rarely found in prostate cancer
patients with at least one fully functional RNase L allele.

Genotyping for the SNP R462Q in the C-terminal domain of
RNase L revealed that homozygosity of R462Q (QQ) is a relatively
rare event (<6%). These results are in contrast to previous studies
that have reported homozygous R462Q (QQ) mutations in 11–17%
of cases, independent of the genetic background of the population.
At present, we do not have an explanation for this observation, since
all of our patients are of Caucasian background and live in Northern
Europe.

We were not able to look for SNP R462Q in the germline cells of
our cohort, as such material was not available. However, a recent
study comparing germline with somatic mutations of RNase L
observed a similar distribution of homozygous, heterozygous or
wild type allele frequency in both tissue types.28

In conclusion, our results suggest that XMRV is not associated
with sporadic prostate cancer in Northern Europe. The availability
of an XMRV antibody-screening test should greatly enhance epi-
demiological studies of the prevalence of XMRV in larger cohorts
of prostate cancer patients as well as in the general population.
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