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We analyzed xenotropic murine leukemia virus-related virus (XMRV) integration site sequences previously
identified from human prostate tissues for single-nucleotide polymorphisms (SNPs) to discriminate between
patient and potential cell line sources of the proviruses. The SNPs of two integration sites were identical to
those in cell lines but not the patients, whereas the data on the remaining 12 integration sites were inconclu-
sive. Our results provide direct evidence for contamination during analysis of XMRV integration sites.

Xenotropic murine leukemia virus (MLV)-related virus
(XMRV) was initially identified as a human gammaretrovirus
associated with RNase L-deficient prostate cancer (18).
XMRV and other MLV-related viruses have also been impli-
cated in chronic fatigue syndrome (CFS) (8, 9). However, the
association of XMRV with human diseases has been in doubt,

as many subsequent studies failed to detect the virus (7, 15; for
reviews, see references 13 and 16). A major concern in the
detection of XMRV by PCR in human tissues is murine
DNA contamination, both in sample preparation (4, 10, 12)
and in commercial reagents and kits (2, 17). In particular,
the observed high incidences of XMRV and other MLV-
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TABLE 1. Summary of SNPs identified in patient-derived integration sitesa

SNP status Sample Chromosome location
of integration site GenBank no. SNPs No. of clones

sequenced

SNPs present, informative VP432 1; 204400002 EU981801 rs11075704 (C/T), rs72789205 (A/G) 8
VP363 16; 69090908 EU981808b rs9661807 (A/G), rs9660554 (A/G) 11

SNPs present, noninformative VP432 6; 111278735 EU981800 rs6902336 (A/G), rs9487562 (C/G) 8

No SNPs present, noninformative VP268 11; 72504631 EU981802 8
VP283 3; 197122283 EU981803 6
VP283 19; 11254762 EU981804 8
VP338 12; 46824702 EU981805 7
VP433 15; 65283282 EU981806 8
VP234 17; 58591644 EU981807 8
VP433 14; 31733396 EU981809 6
VP268 16; 68121168 EU981810b 6
VP268 7; 28723080 EU981811 6
VP29 3; 73200877 EU981812 6
VP229 16; 67973893 EU981813 6

a Integration sites are designated by patient identification numbers, chromosome locations, and GenBank accession numbers. Chromosome locations were mapped
to the human genome build hg19 and are represented by the chromosome numbers followed by the nucleotide positions. Additional characteristics of the integration
site can be found in reference 5. Identified SNPs are indicated by the RefSNP accession numbers, followed by known allele nucleotides in parentheses. To resolve
heterozygosity, a minimum of six clones per sample were sequenced.

b EU981808 and EU981810 are identical to integration sites GU816103 and EU981678, respectively, from experimentally infected DU145 cells (3, 5, 6).
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related viruses in CFS are likely due to the presence of contam-
inating MLV sequences (7). The significance of XMRV as a
human pathogen has further been challenged by the recent find-
ing that XMRV in 22Rv1 cells is the result of recombination
between two endogenous retroviruses in mice (11).

Integration of proviral DNA into the host cell genome is a
defining feature of retroviral replication. We previously used a
linker-mediated PCR method (5) to sequence and map a total
of 14 unique provirus integration sites in human prostate DNA
from nine different prostate cancer patients (5, 6), supporting
XMRV as a bona fide human retrovirus. A recent BLAST
analysis showed that two of the patient-derived integration
sites are identical to integration sites found in experimental

infections of the prostate cancer cell line DU145 (3). Although
independent integration events at identical genomic locations
have been reported in MLV-induced lymphomas in mice (14)
and in HIV-infected T cells in vitro (20), such events are rare
and generally reflect a selection process. Given the assumption
that the existence of identical integration sites in two different
samples is highly unlikely, this suggests that the patient-derived
sites might have been the result of PCR contamination. In light
of this finding and the controversy surrounding XMRV as a
human pathogen, we sought to interrogate our previously ac-
quired integration site data to determine if the integration sites
originated in the patient or were the result of laboratory con-
tamination from infected cell lines.

FIG. 1. Alignment of EU981808 with VP363 patient and prostate cancer cell line genomic DNA. The genomic sequence of EU981808
(patient-derived integration site) is compared to that of GU816103 (DU145-derived integration site), the patient VP363, and the cell lines DU145,
LNCaP, and 22Rv1. The locations of this sequence in the human genome build hg19 are shown at the beginning and the end of the sequence as
the chromosome number followed by the nucleotide position.
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Since XMRV was detected in only a small percentage of
stromal and hematopoietic cells, rather than in the clonally
expanding, cancerous epithelial cells (18), it is doubtful that
the proviral sites reported previously (5, 6) can be recloned.
Therefore, we performed an analysis of single-nucleotide poly-
morphisms (SNPs) in each of the 14 patient-derived integra-
tion sites compared to the respective alleles in the correspond-
ing patients and the prostate cancer cell lines LNCaP, DU145,
and 22Rv1. These cell lines were selected due to their extensive
utilization in molecular studies of XMRV. Each patient-de-
rived integration site is characterized by a region of the XMRV
right long terminal repeat followed by a segment of human
genomic sequence of variable length, which depends on the
location of integration and neighboring restriction enzyme
sites in the human genome. Based on the sequence informa-
tion of each integration site, we amplified and sequenced a
region flanking each site (see Table S1 in the supplemental
material) in genomic DNA extracted from the cell lines and in
prostate tissues from the nine patients analyzed previously (5;
also, see the supplemental methods). A minimum of six clones
per sample was analyzed to resolve heterozygous alleles. The
integration site genomic sequence was then aligned with the
corresponding patient and cell line sequences to determine if
SNPs were present.

Of the 14 patient-derived integration sites, 11 did not exhibit
SNPs (Table 1). Each of these 11 integration site sequences
was identical to those found in the patient and in the prostate
cell lines, therefore providing no basis for differentiating be-
tween candidate sources. This included the patient-derived
integration site (GenBank no. EU981810) previously found to
be identical to a site (GenBank no. EU981678) cloned from
acutely infected DU145 cells (3, 5). Since it is probable that a
provirus present in a tumor sample can contaminate an acutely

infected cell line and vice versa, we cannot conclude at present
that these two identical sites were due to contamination of the
tumor sample by XMRV-infected cell lines or vice versa.

We observed SNPs in three of the integration sites (GenBank
no. EU981808, EU981801, and EU981800). Alignment of pa-
tient VP363 and cell line genomic sequences with that of the
integration site EU981808 showed that two SNP alleles (refSNP
no. rs11075704 and rs72789205) are consistent with alleles
found in DU145 and 22Rv1 genomes but not in the patient
(Fig. 1). The SNP rs11075704 allele contains an A in the cloned
integration site, heterozygous (A/G) in the DU145 cell line,
and A in 22Rv1, whereas it is homozygous for G in VP363. The
SNP rs72789205 allele contains a T in the integration site and
heterozygous (C/T) in DU145 and 22Rv1 DNA, compared to
C in the patient. EU981808 is identical to an integration site,
GU816103, found in an XMRV-infected DU145 clonal cell
line (3, 6). Therefore, our SNP results provide direct evidence
that this integration site is the result of contamination from
infected DU145 cells.

The patient-derived integration site EU981801 also exhibits
two SNP alleles (refSNP no. rs9661807 and rs9660554) that
differ from those found in the patient sample VP432 (Fig. 2).
The SNPs rs9661807 and rs9660554 contain C and T, respec-
tively, in the integration site sequence and in DU145 and
heterozygous in LNCaP, whereas the patient VP432 is ho-
mozygous for T and C at those sites, respectively (Fig. 2),
indicating that this site is also due to cell line-based contami-
nation. Additionally, we identified two SNPs (refSNP no.
rs6902336 and rs9487562) in the integration site EU981800
that are identical to those found in the cell lines DU145 and
LNCaP (Fig. 3). However, the exact origin of this site could not
be determined due to the heterozygosity of the patient VP432
(G/A and C/G, respectively) at these two SNPs.

FIG. 2. Alignment of EU981801 with VP432 patient and prostate cancer cell line genomic DNA. The genomic sequence of EU981801
(patient-derived integration site) is compared to that of patient VP432 and the cell lines DU145 and LNCaP. The annotations are identical to those
in Fig. 1.
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While the majority of integration sites lack SNPs and are
therefore noninformative, our analyses indicate that the
proviruses designated EU981808 (VP363) and EU981801
(VP432) originated not from the patient samples but from
XMRV-infected cell lines. At the time of the original study on
XMRV integration sites (1, 5, 6), the UCLA laboratory where
the integration site mapping was performed did not culture
prostate cancer cell lines nor handle mouse strains, making it
unlikely that XMRV or XMRV-like sequences would have
been present. However, in addition to the work with the hu-
man prostate samples, we performed analyses of XMRV inte-
gration sites in genomic DNA isolated from experimentally
infected DU145 cells and clones (5, 6). We therefore believe
that the integration sites EU981808 and EU981801 were arti-
factual and possibly a consequence of concurrent work with
infected DU145 genomic DNA. Due to the lack of distinguish-
ing SNPs in the integration sites, we cannot confirm or refute
the authenticity of the remaining 12 integration sites at this
time. It should be noted that there are patient-derived inte-
gration sites (GenBank no. EU981807, EU981810, and
EU981811) that were cloned at the UCLA laboratory prior to
any work with infected DU145 cells.

The advent of new technologies for pathogen detection has led
to the identification of many candidate retroviruses thought to be
involved in human disease (19). A number of these claims were
later invalidated, while several remain the focus of some debate,
undoubtedly due to difficulties in confirming whether the retro-
virus in question represents a genuine human infection. To vali-
date XMRV as a human retrovirus, it is important that future
work on cloning XMRV integration sites from human tissues be
performed free of contamination and subjected to subsequent
verification, such as the SNP analysis described here.
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