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Robinson M J,Ertwein O W,Kaye S, et al.,
Retrovirology. 2010, 7:108.
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;*&292&47& FE9RE. F6REDIFRTREOFIRES S ONAEHHEL . XMRVIER
FERULIEC D21 (48%) HGIE LA oT2, — 77 . FILDNAZ LTV IR D intracistemat A
particle(IAP) EEFERELIZECH VSHIABIETHY . XMRVIBIER X £ TIAPLIBE TH-
e ChoDERMORBEOEFDBRKIZSII XOONANE EISEAL TS ZEAHSMNMZE>

S, %8 | thic 7 e ity A A A 1
Mouse DNA contamination in human tissue ;J‘{ Rﬁgg;g;g@gg}gﬁg;&éggzggabé::/&i#zngn% RS T
tested for XMRV : :
Oakes B,Tai A, Gingoz O, et al, BROEXMRVD TSI~ FAN T2 ADCFSEIADRE A SXMRVODEEFERH L&
Retrovirology.2010, 7:109 =5 Bl h ot — A REROTORAMBFE VANV ALRHTELTS/v—%2BLTE
: i S - |RBRERENRTIE. REANSIOA, CFS%%‘O)ZLﬁ\bPCRg?’/m*%IF;éh 15BORLEY
2 ' KB | YREAMBE TN AENEETE L, BIBEDHSFONRALSTITTIRAED ONAKEAL
s TNz BIEABOSAENSTRAELEH DEBB AREDI3% . CFSEHFREDI3RIZTIR
Contamination of human DNA samples with DNAAGR AL TW=C&ITh S, ﬁﬁ]&ﬁﬁ‘ﬁﬁ')f:mEi‘;’C?@XDNA(D,E)kﬁ:E— —‘4’6&4\
mouse DNA can lead to false detection of BEhHB.
XMRV-like sequences
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3 " : ai i@EA/J‘;;‘)_U XMRV)E(K??@&H?’%)B#&#‘/Fg)uﬂﬂﬁﬁfii(~%B‘%§J’§§{fﬁ‘ﬁ)§%¢£&:§£§
An‘endogenous murine leukemia viral genome DT AL R, polytropic endogenous MLV £99.4%0)7 ‘{E]:/ K S CrS@dMo
contamination‘in a commercial RT-PCR kit is LS AN REOZE R ALAHO L) L906%HEAT BTz,
amplified using standard primers for XMRV : )
Jue S, Gray E R, Gall A, et al.. Retrovirology. 2010, BESNIXMRVESRIZPCRT5A 2-11. YHADNRIET AL ADREFLRIETESLE
xE |TLlzo 51, XMRVAT L TS MMM R OXMRVOD IR R RS & B H B K DXMRVEE

4 o : s
Dlsease-assomated XMRV sequences are

consistent with laboratory contamination

HEIHE. EHREOXMRVIZFSERLMMAETH B EMTENS, LENSEBEDPCR

ETREENIOMRVIE, T 9ADNADRADEREMELALL,

hEFRHLELEZER FEIEB " &8
(&1 _Lﬂﬁﬁiﬂﬁf?fi] \ ' :
3 P B MRV DB S . s 4
=8 X#E ; T LT £ BEL BRI | B#5E 25
[Urismain A. etal., PloS Pathog. 2006 Mar'2(3):e25. . 9186 10.5%
CARFOM-ES RTPCR | ONATL 1’(‘4;? t{ézgﬁfgﬁgb%?iﬁﬂ;—éﬁ—(wi(xmw) f(zgilé n
t WiR) - ps KE |f-. RNaseliZAE: QAN DH DA% AN XMRV
Identfication of a niovel Gammaretrowrus in pfostate tumors of (Wi | e < e
patints homazygous for 'R462Q RNASEL variant. Qoag&mg.% RQ f=h. ﬁgb m\i‘ljﬁﬁmk)‘cm 8% THIz,
RR 1652 1.9% s
FischerN, Hellwmkel O, Schulz C, Chun FK, Huland H, - . o = SO
Aepfelbacher M, Schlomm . J Clin'Virol. 2008 Nov;43(3):277- - . EREEOFTINA LRI OXMRVDIR AR A DT, TOBR. B
3 183 1/87 1.2% 1170 1.42% RT-PCR Bty ML BBV TEIFLAE B ELLHM o, AL, ARRRIZENT.
o - (FERIEL) . : (@R RNaseUSRERER(QAEL DY L TILIESUKF THo1I LT EE
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claims and counter-claims surrounding XMRV and its
disease association has recently been published [18],

Methods - )
The UK prostate specimens in this study came from two
sources. Cancer tissue came from men locally referred

to St'Mary’s Hospjtal in West London with symptéms.

of voiding dysfunction and prostate specific antigen
abnormality and requiring biopsy after appropriate
co_unsel]ing. In addition, some patients had participated
in a voluntary screening study and these provided sam-
ples that were a mixture of benign and cancer patholo-
gies. All biopsy tissue had been stored in formalin fixed,
paraffin-embedded (FFPE) blocks over a period of 3-6
years. Slices were taken from the blocks and DNA

" extracted as described (see Additional File 1; Supple-
mentary Methods),. The FFPE samples from Thailand
and Korea were excess tissue from histological samples
taken from new cases of both benign prostate hyperpla-
sia and prostate cancer. These were FFPE embedded
and sent to London for analysis.

We'investigated the prevalence of XMRV. in the UK
and in the Far East, aware that the close relationship
(about 94% at the nucleotide level) to other murine exo-
genous and endogenous retroviruses posed a problem in
distinguishing XMRYV from contaminating mouse DNA
sequences, We weére further aware that in any retrovirol-
ogy laboratory MLV sequence contamination is some-

- thirig of an occupational hazard [19]. For these reasons,
-we extracted the DNA from FFPE prostate cancers,
along with benign hyperplasia. tissue, and PBS without
tissue. We used several sets of priiers {12] to test for
XMRV-specific sequences, derived from the XMRV gag
leader {1] -which encompasseés the 24 bp deletion origin-
‘ally thought to distinguish XMRV as a new human
virus. To control for low level contamination, we
included multiple no-template controls (no less than 6
in every run) and included assays with primers that
would amplify murine mitochondrial DNA (mtDNA)
and intracisternal A particle (IAP) LTRs. IAPs are retro-

- transposons present at the level of about 1000 copxes of
varying length per mouse genome [20].

Results
All murine retroviral primer sequences amplified speci-
fic products of the appropriate size when tested on
pXMRYV isclate VP62, an infectious molecular clone of
XMRYV, kindly provided by R. Silverman. The [AP pri-
mers did not' amplify. sequences from human DNA
extracted from LNCaP cells {prostate cancer cell line) or
from six PBMC samples from human prostate cancer
patients (data not shown).

FFPE prostate tumour slices {(two 10 micron slices
from each lobe of the prostate) were provided to us
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: bliﬁded b); the Histopathology Department at St Mary's
~ Hospital in batches and randomised with benign pros-

tate hyperplasia specimens. For samples received from
Thailand and Korea, those carrying out the PCR were
blinded to sample provenance. In all cases, care was
taken to use a fresh blade for slicing each patient sam-
ple, and the top slice was discarded. In total, of 292 UK
prostate cancers analysed, 14 were XMRV-positive by
PCR using the gag léader primers, as were five out of
139 Korean samples and two out of six from Thailand.
A representative result is shown in Figure 1,

All FFPE prostate cancer specimens from the Pathol-

ogy Department at St Mary’s hospital Landon were pro-
vided to us in batches, The tissue slices were coded and
assayed blind. Initiglly, the PCR amplification and
sequence analysis of the amplicons encouraged us to
deduce that we had dgtected a genuine XMRV infection
in some of the sampjgé, When on unblinding we found

“a concordant result fram the same patient whose dupli-
" cate specimens had been provided in different batches,

this appeared to reaffirm a genuine XMRYV infection.

- Moreover, in two patigats-in whom the tumour was uni-

lateral, XMRV was detected only in the cancerous lobe.
Taken together with the consistently negative PCR
‘water controls, the probablhty of contamination
appeared to be low, "

Upon sequencmg, however, we noticed dlfferences in
the obtained PCR prqducts Some sequences displayed

the delétion characterfgtic of XMRV upstream of the gag .

ATG (Korean samplés 12, 35, 15), and UK {sample 244),

‘while others did not {Jhai.patients 1 and 2 and Korean

16) (Figure 2). Downstream of this deletion all sequences

- -are identical, apart frgm an A > G mutation at position

647, but there is no cprrelation of the A647G mutation

‘with-the presence ‘of ‘the deletion. Sequences that did

not contain the deletion were amplified, indicating that
the primers Were not:as specific to XMRV as expected.
A BLAST. search shojwed-the best match for sequences
without the.deletion but containing a G at pasition 647
to be mouse endogenous polytropic provirus clone 15
[Genbank:F]544577.1}, which suggests the presence of
mouse DNA in the¢ge samples. It has been shown
recently that the 24 by deletion specific to XMRV [1), is
also present in the séquence of a polytropic endogenous
MLV sequence [Genbank:AAHY01591888.1) in’ the
laboratory mouse strain 129X1/Sv], comionly used
in gene knock-out experiments (21]. Our sequences
(Korean samples 12, 85, 15; and UK sample 244) are

identical to this PMLV sequence present in strain

129X1/Sv] (Figure 2). We therefore, sought to investi-
gate this potential contamination further.
The T1AP and mtDNA PCR assays were applied to

- 10-fold dilution serieg'of McCoy cell'and RAW 264.7

cell DNA to compare the sensitivity of the methods for
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Figure 1 Nested PCR on DNA extracted from FFPE tissue of prostate cancer patients. Figure (a) shows samples that produced a PCR
product of the expected size using primers specific for XMRV (lanes 1-5). UK patient 308 and UK 244 (Lane t and 2); Thailand 1 and Thalland 2.
(Lane 3.and Lane 4); Korea 62 (Lane 5). Lanes €-8-show samples in which XMRV was not detected. Thailand 3 (Lane &); Karea 60 {(Lane 7); Korea
61(Lane 8); Positive control PXMRV produces a strong band (lane 9), Prormega 200 bp DNA step 'adder (lane 10). Lanes 11-13 shiow water
negative controls. Figure {b) shows B-globin control PCR used to demonstrate the preserice’ of human DNA in each sample {lanes 1-8, as above),
E¥pected size was 104 bp. Positive control LNCaP DNA is showh in lane 9. Lanes 11-13 show negative water controls. All patient samples tested
showed a positive-signal for ﬁ—globln Figure {c) shows the IAP PCR result for the same samiples (lanes 15 IAP positive, lanes 6-8 IAP. negative).
Positive control McCay cell DNA is shown in lane 9, Invitrogen 100 bp. DNA step ladder lane 10). Lanes 11913 show nega(ive water contols,
Figure (d} shows-the mtONA PCR results for the same sample (fane 1 mtDNA positive, ldfies 2-8 mtDNA negative} Pasitive control McCoy cell
"DNA is shown in lafie 9. invmogen 100 bp DNA step fadder (lane 10). Lanes 11-13 show neganve water contyols: : J
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CFS-TYPZL e N DI T T EEL LY ATCAGTTA ACCTACCCGA GTCGGACTTT TTGGAGCTCC GCCACTGTAC GTGGCTTTGT TGGGGGACGA GAGACAGAGA
ve_62 CCCGTTTTGT GGCCCATTCT GTATCAGTTA ACCTACCCGA GTCGGACTTT T/ : ~TGGCTTTGT T
129X1/Sv strain mousa CCCGTTTTGT GGCCCATTCT GTATCAGTTA ACCTACCCGA GTCGGACTTT TTGGAG==== —=-=r==m== ~TGGCTTTGT TGGGGGACGA GAGACAGAGA
Korea 12 olene 1 . -~r-ssssces commcenuan pmmmmmes e—m—-- CCGA GTCGGACTTT TT g *TGGCTTTGT
- Korea 35 glens S GA GTCGGACTTT T =TGGCTTTGT T GAGACAGAGA
Korea 35 olone 15 GTCGGACTTT T ~TGGCTTTGT T
Koraa 15 olene 1 GTCGGACTTT .TT( -TGGCTTTGT T
UK 244 clone: 1 TCGGACTTT TT =T TTTGT T
Thailand 1 clone 1 ~TGGAGCTCC GCCACTGTAC GTGGCTTTGT TGGGGGACGA GAGACAGAGA
Thailand 2 olone 1 ~==eeeo-e-o TGGAGCTCC ’ACTGTAC GTGGCTTTGT GAGACAGAGA

Korea 16 olons_i

TGGAGCTCC. GCCACTGTAC GTGGCTTTGT TGGGGGACCA GAGACAGAGA

. Korea 16 olone 2

“TGGAGCTCC. GCCACTGTAC GTGGETTTGT TGGGGGACGA GAGACAGAGA
~TGGAGCTCC GCCACTGTAC GTGGCTTTGT TGGGGGACGA GAGACAGAGA

Thailand 2. olone 3 -
XMRV:F-Q . TTCT GTATCAGTTA ACCTAC *

129X1/8v strain mouse CACTTCCCGE CCCCGTCTGA ATTTTTGCTT TCGGTTTTAC

Korga: 12 gléne 1 CACTTCCCGC CCCCGTCTGA ATTTITGCTT TCGGTTITAC
Korea.35 clons & CACTTCCCGC CCCCGTCTGA ATTTTTGCTT TCGGTTTTAC
Korea. 35 olone 15 CACTTCCCGE GTCTGA ATTTTTGCTT TCGETTTTA
" Koraa 15 olona 1 CACTTCCCGE CCCCGTCTGA ATTTTTGCTT T TTTT

UK 244 oclone T CACTTCCEGE CCCCGTCTGA ATTTTTGCTT TCGOTTTTAC
Thailand 1 olore 1 "  CACTT CCCCGTCTGA ATTTTTGETT TCOGTTTTAC
Thailand 2 olone’ 1 CACTTECCGC CCECGTCTGA ATTTTTGCTT TCGGTTTTA
Korea- 16 olcne 1 *'CACTTCCCGE ATTTTTGCTT. TCGGTTTTAC
Korea 16 olods 2 CACTTCECGC CCCGGTETGA ATTTTTGCTT TCGGTTTTAC

TCGGTTTTA

Thailand. 2 olone 3 CACTTCOCGE TCTGA. ATTTTTECTT
: mv-n-: .

CF$S-TYPEL * ‘ CACTTCGCGE CCCCGTCTGG ATTTTTGCTT TCGGTTTTAC GCCGAMACCG CGETGCGCGT CYGATTTGTT TTATTGCTCT TTTGTTCTTC GTTAGTTTTT
vP_62 CACTTCCCGE ATTTTTGCTT TCGGTPTTAC GECGAAACCE CGCCGCGCGT CTGATTTGTT TTGTTGTTCT TCTGTTCTTS GTTAGTTTTC

Figure 2 Sequence alignment of XMRV LTR from 7 prostate cancer patients. The gag leader primer set XMRV-R-/AXMRV-F-O bind either side
‘of the XMRVspecific delefion. Sequerices were aligned-against VP62 [GenbankEF185282); MLV-releated virus CFS isolate CSF-typel ([Genbank: .~
HM630562],-35 described in Lo [17]) and mouse strain 129X1/5v] [Genbank AAHY01591888.1]. The alignrent was conducted with clustalW using
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detection of genomic mouse DNA. We found. the
mtDNA PCR'(14) 100-fold-less ‘sensitive. thian that for’
-1AP in both ‘cell lines (see Additional File 2; Figure S1).
The IAP PCR, thus, provided a far more reliable indica-
" tot of contaminating murine sequences. The TAP and
mtDNA PCR assays were applied to the same sample to
test whethier the apparent XMRV positivity. might have
been due to mouse DNA contamination. Amplification
of XMRV-specific sequences was completely concordant -
with amplification of IAP sequences from the same
DNA (Table 1). Samples from 292 UK patients, of
which 212 (73%) were cancerous, 68 (23%) were benign
and 12 (4%) were lost-to follow up, along with 139
Korean samples (all cancerous) and 6 Thai samples
(50% cancerous, 50% benign) were tested by XMRV,
IAP and mtDNA by PCR. Twenty-one samples were

Table 7 Frequency of positive PCR reactions using XMRV
LTR primers, mtONA primers and 1AP primers.

. XKMRV + " XMRV.-
IAR & B . 94
mtDNA + - (1')' ) )
AP - . o <322
MIDNA - )] (394%)

292 UK, 139 Korean,.and 6 Thal samples were tested for XMRV, IAP and
mtDNA sequences by PCR '13 not done, *4 nat-done-due to' lack of sample.

-

Biokdit v7.05.3, Binding sites of primers XRMV-R-.arid. XMRV -F-0 ate shown: The asterisk shows the _tocat{on of the A > G mutation.

positive for XMRV using the gag leader primers,‘and of

these, 17 ‘were from cancerous tissue and 4 from benign

- tissue. Overall, 115/437 (26.3%) of the samples, includ-

ing all 21 of the XMRV-positives were positive for IAP
sequences and 21/115 (18.2%), of the IAP positives con-
tained mouse mtDNA. To confirm that the sequences

~amplified by the IAP primers were indeed murine in ori-

gin, we cloned and sequenced one of the amplicons,
Several IAP sequences were obtained (see Additional

" File 3; Figure S2). The fact that not all IAP positives .

weré XMRYV positive may-be explained by the low level
of contamination of murine DNA that would contain
only a few copies of endogenous XMRV like sequences
compared to the many JAP copies per genome.

Discussion

XMRYV shares extensivg sequence ‘identity with known
xenotroplc, nonecotroplc and polytropic murine viruses;
the first of which is known to infect many common
human tumour cell lines, a phénomenon that has ¢on-
fused. retrovirologists looking for disease associations for
over three decades. Most putative associations of new or
old human retroviruses with diseases (including CFS
and prostate cancer) hive turned out to be laboratory
artefacts {19]. _The.case of XMRV ‘as a.new human
pathogen must be judged against this background [22].
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It is true that we cannot formally rule out the possibility
that the samples in question are infected with XMRV
and simultaneously contaminated by mouse DNA,
although this is unlikely since we found no IAP-negative
samples from which we amplified MLV-specific
sequences (data not shown). Also, the failure to detect
XMRY. sequences other than in association with mouse
DNA contamination in our ¢ohort does not mean that
the virus is not present in other, unrelated, cohorts.

1t is difficult to explain how.the contamination may
have occurred, especially since the samples came from
three untelated centres in thé UK, Korea and Thailand.
As both our negative tissue and PBS controls treated in

“parallel with the FFPE were XMRV PCR-negative, it is

uinlikely that.contamination was introduced via reagents,

-The UK FFPE tissue samples were stored boxed and

stacked tn a cupboard in the histopathology department
for several years; and it is possible that contamination
happened during that time, although why only a few
samples (4.8%) were XMRV positive and the remainder
not is difficult to. explain. Nor does it explain the Thai
and Korean results on 'tissue collected prospectively for
the study. It does, however, demonstrate the necessity of
controlling by highly specific and sensitive means for

. -mouse contamination.

Additional materia!

Addil | file 1: Suppleme hods. Materials and Methads,

Additional file 2: Figure S1. Sensitivity of mitochondria and IAP PCRs. |
* Additional file 3: Figure 52 Sequence afignment of 1AP PCR products.
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Cite this article as; Robinson er 6l; Mouse DNA contamination in . ; B . . . »
human sissue tested for XMRV. Reriovirology 2010 7:108 Background: In" 2006, 3 novel gammaretrovirus, XMRV (xenotropic: mirine leukemia vifus-related virus), was

N discovered- in some prostate tumors, A-more recent study indicated that. this infectious retrovirus can be detected

“ . . in 67%.cf patients suffering from chrenic fatigue syndrome (CFS), but only very few healthy controls (4%).

- However, severa!l groups have published to date that they could not idéntify XMRV RNA-or DNA sequences in
other cohorts of CFS.-patients, while another group detected murine feukemnia virus (MLV)-like. sequences in 87% of
such patients, but only 7% of healthy -controls. Since there is-a high degree of similarity between XMRV and )
abundant endogenous MLV proviruses, it is important to dlstmgmsh contammatmg mouse sequences from true.
infections.

Results: DNA from the penpheral blood of 112 CFS patients and 36 healthy controls was tested for XMRV. wrth
two different PCR assays. A TagMan. gPCR assay speafc for XMRV pof sequences was able to detect viral DNA-from
2 XMRv-irfected cells (~ 10-12 pg DNA) in-up to°5 g of human genomic DNA, but yielded negative results in- the
test of 600 ng genoric DNA from 100,000 peripheral blaod cells of all samiples tested. However, positive results
were obtained with some of these samples, using.a less specific nested PCR assay for a different XMRV sequence. -

- ’ . g DNA sequencing of thie PCR products-revealed a wide variety of virus-related sequences, some identical to those

) found in prostate-cancer and"CFS patients, others more closely.related to known endogenous MLVs. Howeéver, all’

samples that tested positive for XMRV and/or MLV DNA were also positive for the highly abundant intracisternal

1 A-type particle (1AP) long termihal repeat and most were positive for murine mitochondrial cytochrome oxidase ..

. - . : . sequences, No contamination was observed in any of the negative control samples, contammg those’ W\'(h no DNA‘

N - } A : B - ’ : template, which were included in each assay. .

Conclusions: Mouse cells contain upwards of 100 copies ‘each of endogenous MLV DNA. Even much less than one

cell's worth of DNA can yield a detectable product using highly. sensitive PCR technology. It is, therefore, vital that

—
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contamination by mouse DNA be monitored with adequately. sensitive ‘assays in all samples tested. - ; : J -

Background

XMRYV (xenotropic murine leukemia virus- related virus)
is'a novel gammaretrovirus that was identified-in 2006
in 10% of prostate cancers [1]. Its functional significance
was implied by the recent observation that it is preva-
lent mainly in more aggressive tumors [2]. In 2009, it
was reported that 67% of chronic fatigue syndrome

* Correspondence: brigittehuber@tufis.edu

'Department of Pathology, Tufts University Schodl of Medicing, 150" Harrison
Avenue, Bostor, MA 02111, USA

Full list of author information is available at the end of the article

(CFS) patients had this infectious gammaretrovirus,

while only a small fraction of healthy volunteérs . was
XMRV:positive [3]. These data were received with
*enthusiasm because they pointed to a possible infectious

etiology of CFS, a chronic disability that is clinically-ill-
defined. However, several research groups challenged
these conclusions almost irhmediately [4-11) because
they could not detect the predicted PCR products-or
antibodies in cohorts of CFS or prostate cancer patxents

'(rewewed in [12-15])

© 2010 Oakes et al; licensee BioMed Central Ltd. This is an.Open Actess article distributed under.the terms.of the Creative Commons

O BioMed Central . Atribution License httpy/creativecommans org/icenses/by/2.0), which permits. unrestricted use. dlstrlhudon, and reproducﬂon in~
. . any medium, provided the original work is pvoperly cited. o R
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Recently, sequences related to other murine leukemia

viruses (MLVs) were reported in 80% of CFS patients ver-
sus only a small percentage of healthy controls [16]. This

finding implicated différent retroviruses specifically linked -

to this patient population than the originally described
*XMRYV (3]. The similarity of such sequences to large num-

“bers of endogenous MLVs present in any mouse strain .

{17-19]) complicates interpretation of detection of such
sequences'in clinical studies since possible contamination
of the human samples with mouse DNA {14,20] has to be
rigorously ruled ouit to validate such results.
Our laboratory has been involved in CFS research
stnce 2005 and has a substantial library of samples
~stored from a cohort of patients and controls. Using a
nested PCR for XMRYV, we detected one XMRV-like
and various MLV-like sequences, but also_observed a
100% correlation between samples that were positive for
XMRV/MLYV sequences and those positive for mouse
‘DNA, while most samples negative for XMRV/MLV
were also negative for mouse DNA. These results imply
frequent Jaboratory contamination-with minute and
highly variable quantities-of mouse DNA.

Results
Study populations

" ‘We analyzed a library of 111 stored DNA samples that
had been collected from the peripheral blood mononuc-
lear cells (PBMC) of CES patients.in 2005 for an unre-
lated project (see Methods section for description). In

~addition; we collected 37:blood samples {one CFS and

.36 healthy controls) in'2009-2010.

TaqMan qPCR speciﬂ: for XMRV did not reveal positive
" individyals
"The original XMRV results from patlents with prostate

«cancer and CF$ were obtained using a sensitive nested -

PCR assay for XMRV [1;3] that also detects endogenious
MLV sequences in murine genomic DNA. Thesé data
were later extended, employing a gPCR assay “specific

for a region in the XMRV pol gene ot cross-reactive -
with any sequence known to be present in mouse DNA .

[2, Smgh personal communication]. To test our cohort
for the presence of XMRV- sequences, we analyzed
PBMC DNA with this 2" qPCR assay, using the pri-
mers‘and probe as described in- [2] Titration of DNA
from an XMRV-posmve lymphoblastoid cell line, WPI-

1282 (kindly provided by the Whittemore Peterson:

Institute (WPL), resulted in detection of XMRV down
to 10-12 pg, equivalent to two cells, in the presence or
absence of 5 g control DNA isolated from the hitman
LnCaP cell line (Figure 1). However, no positive

response (C: > 60).was obtainied with DNA from 112°

- CFS patients and 36 healthy controls, when tested at
600 ng to' 5 g per reaction (data not shown). These

N
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Figure 1 Sensitivity of TagMan qPCR for IN region in XMRV
pol. Tiration of DNA from WPI-1282 (1.7, 16.7, and 1667 cell
equivalents) in the absence (square, solid line, slope = -3.14) of in
the presence of 8.3 x 107 cell equivalents of genomic LNCaP DNA
{circle, dotted line slope = -3.04). 1.7 celt equivaients of WPI-1282
genornic DNA is detectable in 8.3 x 10° cell equivalents of
background DNA. Samples were run in duplicates. All QPCR
reactionis were run for 60 cycles. Samplés that did not produce a
“signal after 60 cycles were assumed negative for XMRV. Ct = Cycle
Threshold

data indicated that our samples were either XMRV-
negative or had more divergent MLV sequencés than

-originally described [1,3]. In the latter case, the qPCR

assay used, which is.sénsitive to small sequence differ-
ences, would not have. allowed detection.

Nest'ed PCR for XMRV 999 yielded a high frequency of
positive samples

" To. explote the possiblhty that XMRV sequences in

humans are more divergent than previously reported,
we used the-nested PCR assay for- XMRV gag sequences

* mentioned above, which also defects many endogenous

MLYV proviruses, as described [1]. A preliminary titra-

tion experimerit revealed ‘that MLV-like sequences could -
be detected in 2-3 pg of WPI-1282 DNA, ‘equivalent to
_<1-cell, when mixed with 200 ng control DNA (see

above) (Figure 2). Thig assay was used to test DNA in
triplicates of 200 ng each from our.CFS and control
cohorts. Surprisingly, a high proportion of DNA samples
from the healthy volunteers (19/36), but only 2/112 of
the CFS patients, yielded 'PCR prodiicts of the correct
size, as tested on an ggarose gel. None of the “no tem-
plate” control samples, included in each assay at least in
triplicate, gave positive results. These data suggested
that XMRV-related virtuses may be highly prevalent in
the human population, but no special link of these
viruses to CFS patients was iridicated. While all the
blood samples were processed in the Huber laboratory,
it should be noted that the CFS cohort mainly consisted

Oakes et al. Retrovirology 2010, 7:109
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Figure 2 Sensitivity of nested PCR for XMRV gag. A) Titration of
genomic DNA from WPI-1282. PCR amplicons from 833, 138, 23,
03, 005 and Q cell equivalents of genomlc DNA from the WPL-1282
cell liné in-the presence of 33 % 10".cell equivatents of LNCaP
genomic DNA. were run on a 1.5% agarese gel to show the
sensitivity of the assay. gapdh was-used as the loading control..
XMRV gag.yields an expected prodict of 413bp. NTC=No
Template Comrol 8) Representative example of nested PCR for
XMRY gag. Sarnple THO3.1.1 was first tested at 33 x 10¢ celf
equivalerts of genomic ONA, followed by fimiting dilutions of 1.1 x
10° and 3.7 x 10° celt equivalents. Once a dilution had 1 out of 3
samples positive for gag, the posmve band was purified and
sequenced.

of banked samples collected and processed in 2005,
whereas the healthy volunteers were recruited more
recently, between November of 2009 and May of 2010,
and, as discussed later, were processed usmg a slightly
different - ptotocol

Sequence analysis of the gag PCR produycts revealed high
polymorphism

To determine the relationship-among ‘the various PCR
products, we ‘obtained their DNA sequences. We observed
that most amplicons contained mixtures of sequences,
thus, necessitating limiting dilutions of the original DNA
samples to obtain pure sequences for analysis (Figures 2B
&3, Additional File 1; Table $1). A total .of 37 clean
sequénces of single PCR products (designated TH for

“ “Tufts Huber") were obtained in this way from 21 samples
- (19 healthy controls and 2 CES). Surprisingly, a high
- degree of dlverSlty was seeft’in these viral sequences
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" (Figure 3 Additional File 1; Table §1), revealing both

XMRV-like and endogenous MLV sequences and implying
15 different virus strains. While 3 healthy controls had
sequences that were identical to the corresponding seg-
ment of XMRYV strain VP42, a viral isolate that was origin-
ally found in prostate cancer [1] and later in CFS patients
[3], the remaining samples were either identical or closely
related to known endogenous MLVs [17-19].

The sequences obtained were also analyzed by con-
structing neighbor-joinihg trees (Figure 4). Again, our
data indicate a high degree of polymorphism.in the E
MLV-like sequences found. In contrast to the published
VP {1} and WPI (3] XMRV sequences, which are tightly
clustered, the gag sequences found in this study were
dispersed, similar to the sequences reported in [16]; ie.,

-the 15 unique XMRV-related partial gag sequences

found among from the 37 single PCR products were dis-
tributed over a minimum of 3 clusters, each of which

. contains endogenous MLV sequences of a different sub-

type (XMV, PMV, and MPMV (xenotropic, polytropic,
modified polytroapic MLV)).

Tests for mouse DNA contamination revealed correlation
with viral sequences '
Endogenous MLVs are present in high ‘copy number in
all inbred and many species of wild mice, making mouse
DNA a possible source of the sequences obsérved. To
test whether contamination with mouse DNA. might
account for the observed results, all human DNA sam-
ples were screened using two different assay systems, a
TaqMan qPCR assay.for murine mitochondrial cyto-
chrome oxidase, cox2 (W, Switzer, personal communica-
tion) and a single PCR assay for the highly abundant
mtracxsternal A-type particle (IAP) long terminal repeat
sequences, developed by us (OC and JMC, in prepara-
tion) (see DNA sequences of some IAP amplicons in
Additional File 2; Figure S1). Both assays. had similar
sensitivity, detecting the target sequences in 0.6 pg of
mouse DNA, equivalent to 1/10 of a cell in a back-,
ground of 200 ng LnCap DNA (Figure 5A &5B). Using -~
these two test systems, we observed that many samples,

* both CES and control, were positive for these types of ~

sequence, while all “no template” controls were negative,
A direct comparison of the gag PCR results with those
obtained in the two assays for mouse' DNA reveéaled a
100% correlation between samples positive for the for-
mer and mouse DNA; all human DNA samples that °
were positive in the gag PCR assay were also positive for
IAP sequences, and all but 2 were positive for mouse
cox2 sequences (Table 1). In addition, nearly half (62/
127) .of the samples were positive for. mouse DNA by
either IAP or both assays, but did not yield a detectable
MLV signal. These findings are in agreement with our
observation that the two PCR assays for mouse DNA
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are at least 10-fold more sensitive than the XMRV gag
PCR assay, when tested on genomic mouse DNA, and
that the IAP assay is more sensitive than the cox2 assay
for detection of mouse DNA. Overall, our data are con-
sistent with the conclusion that the positive results
-obtained with the XMRV gag PCR assay are due to vari-
able contamination of the human samples with mouse:
DNA, most likely in laboratory reagents.

" Discussion
In 2005, we initiated a study to examine the expressxon
tevel of an endogenous human betaretrovirus, HERV-

( Reference: Patient Samples:
VP62 I VP62
VP42| } TH+(3)
erw15| [ { | ] TH12.1.1/TH16.1.1
: [ ] | k] } TH12.1.2D
Wt 1 | i TH10.1.1
mERV ChrSl 1} 1 i } ) B} THOZ.1.2¢
) IR T A t i | : THO1.1.28
Mpmv7 | EEE A th ) B T . THH(19)
mERV Chré | | Tl | boH THO1.5.1
. i ) 11} TH09.1.1
bl L I il CFS Tpe d
- mwy NELE § - THG5.1.47THOB.A.1b
b | | (A I THoZM20
mERY Chr1 | R T 1l o 1 THo2.2.2
pmve| | Froboan e THO14.20
, Bl 1 f RRTE R lwels2
Pmva | | R R ) 1 H o THO2.1.2e
[ A | Lo | oo b THR21
v ey T - ey gy
100 - 200 300
Base Position )
Figure 3 Gag sequences from patient samples. individual 382 bp sequences, free of double péaks and confirmed through forward and
reverse sequencing, are compared in a Highlighter plot to the control WPI-1282 cell line sequence, VP62, The samples were coded to remain
anonymous, with the first number being the patiént nurnber, the second number being the bleed numiber, the third number being the tube of
DNA, and the letter showing that-we have muitiple sequences in the same tube of DNA. Identical sequences were collapsed into individual
clusters, those with more than two' sequences are tabeled TH+(N), where N is the total number of seqyences in that cluster. CFS Type 1,2 & 3
are from Lo et al. [15)..Each vertical line' shows a single nuclectide difference between the fabeled sequence and the control VP62 sequence.

K18, in chronically ill CFS patients versus healthy con-
trols. For this purpase, we accumulated a library of
DNA samples from CFS patients which has allowed-us
to investigate the pogsible association of XMRV, with
this disease [3]. We initiated our studies on XMRV
using:a TaqMan qPCR assay for a région in XMRV pol
that is unique to XMRV and does not detect any
sequences in genomig DNA from laboratory strains of

" - inbred :mice [2]. Nong of the samples from either CFS$

patients or healthy gintrols was positive in this assay,
although we were able to detect a signal from two
XMRV-infected lymphoblastoid cells (cell line WPI-

Oakes et al. Retrovirology 2010, 7:109
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Figure 4 Nelghbor Joining Tree of gag fragments. A neighbor-
- joining tree was constructed using the 382 bp gag fragments

‘detected from the PBMC DNA of 17 healthy controls and 2 CFS
patierits, along with various endogenous and exogenous MLV
sequences, identical sequences were collapsed inta individual
clusters, where'a representative member is shown folléwed by
"+(N)", where N Is the total number of sequences in that cluster.
Distances were calculated based on the absolute number of base
substitutions; all sites containing gaps were ignored. Note the
extensive variation of sequences detected in our samples (TH,:
shown in red), which cluster with known Xmy (purple), Pmv (blue), .
Mprav (green) and XMRV (yellow) sequentes.
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1282) in a background of DNA from up to 10° human

LnCaP cells. In our hands, the'qPCR assay is 10-fold

"less sensitive than the nested XMRV gag PCR assay

when tested on the same XMRV-positive cell line, since
the latter can detect a signal in DNA from <1 cell. This

difference is a consideration for the negative résults we ..

obtained as-the sensitivity. of the qPCR assay may not
have been adequate for the detection of minute amounts
of XMRV. We are not aware of any ather group who
has used this technique for the detection of XMRV in
the DNA of freshly isolated PBMC. However, Danielson

et al. recently reported that they could only detect |
. XMRY sequences, usmg XMRV ¢nv, but not gag, pri-

mers.[21]. -

In contrast to.the qPCR results, we were able to read-
ily detect XMRV using the nested PCR originally
described-by Urisman et al. [1], and we found many

- more positive samples in our healthy control coliort,
_cornpared to-the CFS cohort, Of possible relevance for
" the interpretation of these findings may be the fact that.
the samples from the-two cohorts were prepared years"
" apart, although all in the same laboratory using some=
what different protocols and reagents. It is also. impor: - -

tant to. point out that individual DNA samiples remained

reproducibly positive or -negative on xepeat examination
- rendering the possibility of random contamination of .
the PCR assays very unhkely ‘Furthermore, each assay. -

contained positive and negative controls which were
100%. correlative; i.e.; the DNA from the XMRV-infected

cell line was always positive anid the no-template ‘control

or LnCaP DNA was always negative. Thus, it is unlikely

that contamination occurred at the time of setting up

the PCR reactions.

To further understand the origin; of the positive PCR
signals, we determined the DNA sequences of the gag
PCR products; In most cases, it was only possxble to
obtain unique sequences from PCR products after diki-
tion of the input DNA to"an extent where single mole-

~ cules were amplified, since initial studies' showed that,

most of the positive samples. contained mixtures of clo-
sely related sequences. In this way, we obtained 15 dif-
ferent sequences from a total of 37 single PCR products.
When compared to the collection of endogenous MLV

sequences extracted from the sequenced mouse genome

[18,22), these sequences included examples from all
parts (XMV, PMV, and MPMV) of the resulting neigh-
bor-joining tree, as well as a cluster of three sequences

- identical (iri this region) to the VP42 isolate of XMRV,
With regard to the latter result, it is of stgmﬁcance that -

no VP42 plasmid, nor VP42-containing cell line, nor

. Isolated DNA, was present in the Huber laboratory that

could have resulted in -contamination. (WPI-1282 con-

tains VP62 which differs by one base changé in‘the -

region analyzed). The genomic DNA from the three
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A Mouse Mitochondrial gPCR
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cell-line (100, 10, 1,'0.1, and 0:01 cell equivalerits) in the absence (triangle, solid line, slope =358} or.in the presence of 3.3 x 10 cell

10% cell equivalents of background DNA. Samples were run in duplicate. Alf PCR reactions were run for 60 cycles. Samples that did not produce
.a sigrial. after 60 cycles were considered negauve for murine ONA-8) 1AP PCR. Titration of ONA from the murine EL4 cell fine {10, 3, and O.F and
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e DNA‘in 3.3 x.10% cell-equivalents of background DNA: Although ot visible here, bands of different sizes and unrelazed sequence are sornetimes
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equivalents of background genomic LNCaP DNA (square, dotted. line, slope = -2.58). 0.1 cell équivalents of murine DNA. were observed in 3.3 %

visiple in’sampies analyzed with human DNA alone. NTC ='No Template Control.
\.

Qakes et al. Retmvirolagy 2010, 71109
http://www.retrovirology.com/content/7/1/109

Page 7 of 10

Table 1 -Correlation of MLV DNA sequence detection with mouse DNA contamination

CFS Patients

Healthy Controjs**

XMRV GAG cox 1AP # of Samples {n = 112) Percent # of Samples (n = 36) Percent
+ + + 2* ~18 17 472
- . - - 53 473 12 333
+ . - 0 0 0 )
+ - + 0 0 -2 56
+ + - 0 -0 N 0
B + o+ 10 90, 3 28
- - + 47 420 ) 4 1)
- + T 0 [ : [ 0

*One CFS samp\e from-2005 m\\enlon, and one CFS sample from 2010 collection. AN the other CFS samples were collected' in 2005.

Al :ollected in 2009-2010.

healthy volunteers who had XMRV VP42 sequénces also”
- contained other MLV sequences, Thus, it is not possible

for us to distinguish which-one of the retroviruses
stemmed from mouse'DNA contamination; i.e.; it is for-
mally-possible that VP42 is 4n actual human retrovirus.
It is also possible that it is an endogenous provirus, not
present in the sequenced C57Bl/6 genome, but present
in the mouse species responsible for the sequences
observed [19]..In the former case, thé presence of VP42
in DNA from healthy conttol samples, but.not CFS
patients, would indicate that this virus is spread. ran-
domly through thé human populatlon, with no particu-
far link to CFS. Further analyses are requxred to clarify
this issue.

" The presence of mlxtures of: MLV sequences, all clo-

“sely relatedto known endogenous MLVs [17-19]; in

many of the DNA samples tested is not eastly reconciled

‘with inféction of human hosts with the corresponding

viruses (reviewed in [14,20}). Two assays specific for

murine DNA, for mxtochnndnal cox2 and: IAP

$equences, were used to test the possibility that there
might be trace amounts of mouse DNA contaminating

some of the samples. Consistent with’ this idea, we

found that each DNA sample that was positive for
XMRV/MLYV also was positive for mouse DNA by the
IAP assay, while >50% of XMRV/MLV-negative samples
were positive for mouse DNA which is particularly strik-

ing in the CFS group. Again, these reésults were con-"

firmed in repeat experiments and -never deviated in .

subsequent analyses, suggesting that contamination hap-
pened either during collection of blood, isolation of
PBMC, or-during the preparation of the DNA from the

'PBMC. We interpret these data that possible contamina- .

tion with mouse DNA is ubiquitous, but the level
seemed to vary significantly from batch to batch of sam-
ple. preps, although all experimental procedures were

carried out in the same facility. In particular, although:

samples collected at both tithes showed signs of con-
tamination, the level of contamination in the normal

controls collected in 2009-2010 was noticeably greater
than in the CFS samples from 2005. To date; we have
not been able'to pinpoint a specific reagent or labora-
tory vessel for being consistently positive for mouse
DNA, but preliminary experiments implicate both. fetal
calf serum (FCS) and phosphate-buffered saline (PBS), ~
although large variations in the surmised amount of
contaminating mouse DNA were observed from bottle
to bottle. All blood samples were collected in heparin
tubes rendering the anti-coagulant also a likely suspect -
for mouse DNA contamination. However, a comparison
of parallel-blood collections from the same healthy indi-
vidual in heparin, Né-citrate and EDTA tubes did not

“support this hypothesis. In this particular set of samples

only one DNA aliquot from Na-citrate-collected blood

. was'positive for mouse DNA (results not shown).

Currently there are highly discordant reports in the lit-. ‘
erature about the prevalence of XMRV in CFS and pros-

" tate cancer patients(reviewed in [12-15]).- The original

publication on CFS patients reported that almost 70% of
these patients, but less than 5% of healthy individuals,
harbor, this.virus [3], and that infectious virus and anti-
viral antibodies. could be detected in blood from these
patients. Several reports have appeared in the literature .
since then contesting these findings [4-6,8,9], while a
recent publication claimed that 80% of CFS patients, but
not healthy controls, contained endogenotis MLV-like-
sequences, but were negative for mouse mitochondrial
DNA {16]. The sequences from CFS patients identified in
this latter paper were distinct from the XMRV of the ori-
ginal reports: A plausible explanation for these discrepant
results has not been put forward to date [13,14], but it is

.worth pointing out that the sequences identified in the

latter report were similar to the ones we found in the"
present study. Endogenous MLVs are-abundant in all
laboratory mouse strains [17,18], as well as in wild Mus
species [19]) and are carried by some human céll lines
that have been propagated in vivo in nude mice [20].

“Thus, extreme precautions have to be taken to exclude
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contamination with mouse DNA or DNA from any abun-
dant MLV-producing cell line.

Coriclusions

In our study we have observed that 100% of human DNA
samples prepared m our laboratory that were positive for
XMRV/MLYV sequences were also positive for minute

quantities of mouse DNA. Together with the similarity of

the MLV sequences to multiple identified endogenous
MLVs.[17-19], this result provides a strong suspicion that

the viral sequences detected in these samples were actually.

of murine origin, It is important to.point out that negative
controls included in each assay never yielded positive
results, either for XMRV/MLV, or for mouse DNA,
excluding the possibility that.contamination with mouse
DNA occurred at the bench during the final PCR-assay,
even though mouse derived cells and tissues are regularly
used in our laboratory. Of particular interest is the wide
variety .of sequences that we obtained, spanning both
XMRYV and various MLV sequences. While most of the

MLV-related sequences were identical to gag segments in-

nonecotropic MLVs from inbred mice {17,18], some were
found to be unique; ‘e, they have so far not been identi-
fied in the sequenced mouse genome-[22), but may be pre-
sent in other Jaboratory strains or wild mice. Thus, our
data are compatible with the coriclusion that the detection
of MLV-related sequences in human genomic DNA sam-
ples could be due to contafmination with minute and vari-
able quantities of mouse DNA, most llkely contained in
various laboratory reagents.

Methods

Sample collection

All samples were collected according to the mstxtutlonal
guidelines of Tufts University, after receiving informed
consent. The 36 healthy individuals (15 females and 21
males) were recruited ona voluntary basis by the Huber
laboratory and were between 18 and 65 years of age. The
112 CFS patients (89 females, 20 males and 3 unknown),
recruited by Dr. Susan Levine, were between 18 and 65
years of age and resided in the Northeastern United
States. All patients were diagnosed for CFS according to
CDC criteria 23], and the majority was completely dis-
abled. The cohort comprised a combination of those with’
an abrupt and others with a gradual onset of symptorms.

Preparation of human blood samples

Approximately 30 ml of blood were drawn into three
heparinized tubes (Becton Dickinson) and shipped over>
night (CES patients) or processed immediately (healthy

controls). The blood collection tubes from each individual .

were consolidated into one 50 ml tube and diluted with

PBS, containing CaCl, and MgCl, (Sigma) at a 1:1 ratio, *

.15 ml of Ficoll (GE Healthcare) was added to two new 50
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ml tubes, and 25 ml of the diluted blood was gently layered .

on top of the Ficoll, foljowed by a 30 min centrifugation in

-a Sorvall RT7plus rotog at 2000 rpm at room temperatiire

and collection of PBMCs from the interface. 10 ml of
plasma were also collected from each sample and stored at
-80°C. The collected BBMCs were diluted with PBS (2005
collection) or RPMI-1640 Medium (Sigma), supplemented
with 10% FCS (Geminj BioProducts}, 100 U/ml penicillin
(Sigma), 0.1 mg/mi streptomycin (Sigma), 2 mM L-gluta-
mine (Sigma), and 1 mM sodium pyruvate (Sigma) (2010
collection) (2009-2010 collection) (complete RPMI) at a
1:1 ratio and then p;e[leted at 2000 rpm for 5 min. The

supernatant was aspirgted, and the pellet of PBMCs was

resuspended in 20 ml of PBS (2005 collection) or complete
RPMI (2009-2010 callgction), Cells were counted using a
hght microscope and 8 hemocytometer, aliquoted to 5 x
10° cells per tube, spyp down and resuspended in 350 !
of Buffer RLT Plus (Qiagen) (1% B-mercaptoethanol).
Samples were stored in this lysis buffer at -80°C.

DNA isolation from PEMCs
DNA was isolated using the procedures prowded by t.he All-
Prep DNA/RNA Mini Kit (Qiagen). Bneﬂy, 350 ui of PBMC

*lysate (RLT buffer, see above) (5 x 10° cells) were placed on

the DNA spin columy, which was centrifuged at 10,000
rpm for 30 s in an Eppendorf 5417C Centrifuge. The col-
umn was then transfepred to a new collection tube. 500 4

AW1 Buffer (Qlagen) was added to the column, followed by

a 15 5 spin at 10,000 rpm. The flow-through was discarded,
and the column was t:gnsferred to-a new collection tube.
500 ul of AW2 Buffer (Qlagen) was-added to the column,
followed by a 2 minitg centrifugation at full speed. The
flow-through was discarded, and the column was transferred
to a new 1.5 mi collection tube. 100 ¢ of Buffer EB (Qiagen)
was added.directly to:the column, followed by 1 minute
incubation at room temperature. Finally, the column was
centrifuged at 10,000 rpm for 1 min to elute DNA. DNA
concentration was determined using 1 pl of sample on a
Thermo Scientific Naxiedrop 2000 Spectrophotometer.

TaqMan qPCR assay fo; XMRV pol

Primers and probe, ag designed by Schlaberg et al. [2],~

were ordered from'Applied Biosystems (see Table 2 for

sequences). The reaction mix for the TagMan qPCRs’

contained Ix Gene Bxpression Master Mix (Applied
Biosystems); 900 -nM forward and reverse primers, 250
nM probe, and 200 ng of DNA in a reaction volumie of
20 ul. The assay wag.validated with DNA'from the
WPI-1282 cell line containing VP62 XMRYV (kindly sup-
plied by J. Mikovits, WPI). The same DNA served as
positive control in each assay, which also included a no-
template negative coptrol: Thermocycler conditions
were 95°C for 18 minutes, followed by 60 cycles of 95°C
for 15 s and then 60°C for 1 minute, using 96-well

’
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Table 2 Primers and probes used for TaﬁMan qPCRs,
primary PCRs, and nested PCRs,

Primer. Sequence
XMRV4552F 5“CGA GAG GCA GCC ATG AAG G-3'
XMRV4673R 5-CCC AGT TCC CGT AGT CTT TTG AG-3'
XMRVAS72MGB  5-6FAM-AGT TCT AGA AAC CTC TAC ACT C-MGBNFQ-3
GAG-O-F §%CGC GTC TGA TTT GTT TTG TT-3
-GAG-O-R §-CCG CCT CTT CTT.CAT TGY TC3'
GAG-I-F S-TCT CGA GAT CAT GGG ACA GA3'
GAG-I-R. - 5-AGA GGG TAA GGG CAG GGT AA-3'
~MCox2-F2 5UTTC TAC CAG (TG TAA TCC TTA-3'
T MCox2-R1 S-GTT TTA 'GGT CGT TTG TTG GGA T-3'
MCox2-PR1  S-FAM-CGT AGC TTC AGT ATC ATT GGT ocC O'A TGG.
T-MGBNFQH3! .
MCox2-P1. $-EAM-TTG CTC TCC CCT CTC TAC GCA TTC TA-
. MGBNFQ-3'
IAP-Forward -~ 5-ATA ATC TGC GCA TGA GCC AAG G-3-

1AP-Reverse 5-AGG AAG AAC ACC ACA GAC CAG A-3'

Optical Reaction Plates (Applied Biosystéms) on.a 7300
Real Time PCR System by Applied Biosystems, All reac-
‘tions were performed in triplicate. Quality of DNA was

assessed using a TagMan qPCR for the ribosomal 18'S

gene in the same reaction (Applied Biosystems).

Nested PCR assay for XMRV gag

Identical primers as originally described by Urnsman et al.
[1) and-also employed by the Mikovits. group [3] were
used. The reaction mix for all PCRs consisted of 1x.-Hot-

Start-1T™FideliTaq"Master Mix, 200 nM forward and"

reverse primers, and 200 ng of sample DNA in a 50 ul

" reaction volume. The WPI-1282 lymphoblastoid cell line
‘was used as a positive control [3]. Thermotycler condi-

tions for the first PCR were 2 minutes at 94°C, followed by
30 cycles of 94°C for 30's, 58°C for 30 s, and 72°C for 45's

and then finished off with 72°C for 7 minutes. Once the -
" first PCR was complete, 2 il of DNA from the first PCR

was used for the second PCR. The second PCR consxsted
of 1x HotStart- I'I"'FldehTaq"'Master Mix, 200 nM forward
and reverse primers, and 200 ng of sample DNA in'a 50 pl

reaction volume. Thermocycler conditions for the second

PCR were 2 minutes at 94°C, followed by 30 cycles of 94°C

" for 30 s, 60°C for 30 s, and 72°C-for 30's and then finished :
off with 72°C for 7 minutes. Once the second PCR was

complete, 15 ) of the samples were run on & 1,5% agarose
gelfor 1 h at 100 volts. Images of gels were taken using 4
VersaDoc Imaging System (Biorad). The expected frag-
ment size of the second PCR is 413 bp [1).

‘All positive samples from the second XMRV nested PCR ™.

were isolated using a Qiaquick PCR Purification Kit (Qia-
gen). DNA sequencing was performed by the Tufts Uni-

versity Core Facility. Once sequenced, the traces were
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monitored for double peaks, and sequences with double
peaks were disgarded. Samples that had mixed sequences
were diluted, and the nested PCR was repeated. Only -
clean sequences with the forward sequence matching the

" reverse sequence were used for phylogenetic analysis.

TagMan qPCR assay for mouse mitochondrial cox2 -

Sequences for primers and probes were kindly supplied
by Dr. Switzer, CDC (Personal Communication) (see
Table 2). Primers and Probes were ordered from
Applied Biosystems. The reaction mix contained 1x
Gene Expression Master Mix (Applied Biosystems),
900 M forward and reverse primers, 250 nM probe,

" “and 200 ng of DNA in a reaction volume of 20 ul. DNA

isolated from the murine EL4 cell line, diluted in 200 ng
of human LNCaP DNA, was used as a positive control.
Thermocycler conditions were 95°C for 9 minutes, fol-
lowed by 60 cycles-of 95°C for 30 s and 62'C for 30 s, |
96-well plates were used on a 7300 Real Time PCR Sys-
tem. by Applied Biosystems. All redctions were per-
formed in duplicate or triplicate. Quality of DNA was
assessed using a TagMan qPCR for the ribosomal 18 §
gene in the same reaction (Applied Biosystems).

PCR assay for Mouse IAP sequences

‘Primers were designed by the Coffin Laboratory (oC
and JMC, in preparation) and ordered from Invitrogen.

The reaction. mix for all PCRs consisted of 1x HotStart-

- IT"FideliTaq™Master Mix, 1 pM forward and reverse

primers, and.200 ng of sample DNA-in a 50 gl reaction
volume DNA isolated from the murine EL4 cell line
. was ‘diluted into 200 ng of human DNA (LNCaP) and
used as a positive control. Thermocycler conditions
were 94°C for 2 minutes, followed by 45 cycles 0f194- C
for 30 s, 58°C for 30 s, and 72°C for 20 s and then fin- .
ished off with 72°C for 7 minutes. Samples were then
run on a 1.5% agarose gel with sequence lengths varying
between. 200 and 300 bp. Images of gels were taken.

" using.a VersaDoc Imaging System (Blorad) IAPPCR

products 'were cloned and sequenced and ylelded the
expected results (see ‘Additional File 2; Figure S1).

Additional material oo

dd| | File 1: y Table 1 - List of identical
~ sequences grouped into clusters for analysis. Each cluster contains -
‘fragments that are identical in the comesponding 382. bp: gag region.
Additional File 2; Supplemental Figure 1 - AP sequencés. IAP
sequences ampiified ffom the indicated controt human DNA sarriples
using the primers shown In Table Il were ‘cloned into-a TOPQ vector and
sequenced. Four representative sequences are shown. Each sequence
had a 100% match In the sequenced mouse genome. Adening (A) =
Green, Cytosine (C) = Blue, Guanine (G) = Black, Thymine (T) = Réd.
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We used the following RT-PCR kits which were pur-
chased in Japan: SuperScript®lll One-Step RT-PCR
System with the Platinum® Taq High Fidelity Kit (Cat.

no. 12574-030) (Invitrogen, Carlsbad, CA, USA)

(abbreviated as Kit I); AccessQuick™RT-PCR Sysytem
(Cat. no. A1701) (Promega, Madison, WI, USA)
(abbreviated as Kit P); One Step RT-PCR Kit (Cat. no.
PRO24A) (TaKaRa, Ohtsu, Shiga, Japan) (Abbreviated

as Kit T); One Step RT-PCR Kit (Cat. no. 210210) ~

(QIAGEN -GmbH, Hilden, Germany) (Abbrevtated as
Kit Q). i

To amplify the partial gag gene of XMRV or other
MLV-related viruses, primers 419F (5'-ATCAGTT
AACCTACCCGAGTCGGAC-3’) and 1154R (5'-GCC
GCCTCTTCTTCATTGTTCTC-3') (3], and GAG-I-F
(5’-TCTCGAGATCATGGGACAGA-3') and GAG-I-R
(5-AGAGGGTAAGGGCAGGGTAA-3') [1] were used.
To amplify the partial env gene of polytropic endogenous
MLV, primers p-envif (5-AGAAGGTCCAGCGTTCT-
CAA-3), p-envir (5-TTGCCACAGTAGCCCTCTCT-
3');-p-env3f (5-GATGAGACTGGACTCGGGTG-3") and
p-env5r (5-GTGGAGGCCTGGGGAGCATGATC-3")
were designed based on the sequence of a polytropic
endogenous MLV (PmERYV) present in mouse (Mus mus-
culus) chrorr_xosonie‘(chr) 7 {GenBank: AC167978]. To
enhance one-step RT-PCR reactions, 2.5 pl of 1 pg/ul
carrier RNA from QlAamp UltraSens™ Virus Kit (Cat.
no. 53704} (QIAGEN) was added to the reaction mix-

tures of the orie-step RT-PCR reactions as indicated in,

Figure 1. To examine whether the contaminant was
RNA, 2 pl of 10 pg/m} RNaseA (Cat. no. 19101) (QIA-
GEN) were added in the one-step RT-PCR reaction mix-

ture as indicated in Figure 1C. The RT-PCR was’~

conducted in 25 pI'(Kit I, Kit T, and Kit Q) or 25.5 ul
(Kit P) of reaction mixture accordmg to manufacturers’
instructions.

By adding carrier RNA in the samples to enhance the
RT-PCR reaction, we consistently detected a positive
‘band using Kit T in negative controls using two primer
sets (419F and 1154R, and GAG-I-F and GAG-I-R)
which are widely used to amplify XMRV. (Figure 1A).
These results were confirmed by two independent
laboratories (JRC and IVR) under the same experimental
conditions. The positive reactiofi was observed in all

four batches (derived from four different lots) of the kit’ :

tested. To excludethe possibility that water, the carrier

RNA or the primers used were contaminated with an_

XMRV-like genome, we tested additional one-step RT-
PCR kits, termed Kit P and Kit T, from two different
manufacturers. Consequently, we could not ‘detect posi-
tive bands utilizing these kits (Figure 1B) strongly sug-
gesting that the component(s) of Kit 1 contained
XMRV-like viral genomes. Most of the contaminants
appeared to be RNA because the positive bands

P}ge 20f7

disappeared after adding RNaseA in the reaction mix-
ture from Kit I (Figure 1C),

To further investigate the contaminant in Kit I,
nucleic acids purified from the enzymes (a mixture of

reverse transcriptase and Tag DNA polymerase) and the.

buffer contained in-the kit were tested by adding the
individual components to three different one-step RT-
PCR kits (Kit T, Kit' P, and Kit Q) (Figure 2A-C). As a
result, we detected’ positive bands when the nucleic
acids purified from the enzymes of Kit I were added to

RT-PCR Kit T, Kit ® or Kit Q using two primer sets -

(419F and 1154R, and GAG-I-F and GAG-I-R). On the
contrary, we could not detect the presence of MLV .gen-
omes in the buffer of Kit I. These data indicated that
the enzymé mixture’of Kit I was contaminated with

" XMRV-like viral RNA;,

PCR’ products amplified using primers 419F and
1154R were clonéd fnto pCR4Blunt -TOPO (Invitro-
gen) and sequenced for both strands. Three clones

. (two clones at JRE and one clone at IVR) were.-
sequenced and found to be nearly identical (one
nucleotide difference between one another). These .

sequences have a 9 pucleotide deletion observed in
some endogenous pplytropic MLVs in place.of the

XMRV-specific 24 nugleotide deletion in the 5 gag lea-
der region and are nearly identical to polytropic endo-

genous MLVs encoded in multiple chromosomal
locations of the C57§L/67’ mouse genome. The nucleo-
tide sequences of the representative clone [GenBank:
AB597300} were aligned with sequences deposited in
GenBank as follows:"MLV-like virus from CFS. patients
types 1, 2 and -3 {GenBank: HM630562, HM630558,
and HM630559] [13], XMRV strain VP62 [GenBank:
NC_007815] [2] and-gne representative PmERV on chr
7 [GenBank: AC167978; nt 65,391-64,647] (Figure 3).
The contaminant was nearly identical (99.4% identity)
to.the PmERV chr 7 with only 4 nucleotide differences
in the sequenced reglon. In addition, the contaminant
was quite similar (96,9-97.6%. identity) to the MLV-like
viral sequences (CF$§ types 1,2, and 3) derived from
CFS patients.

To further charactenze the contaminant, we>con-
ducted additional RT-PCRs (Figure 1D) amplifying par-
tial env regions with two primer sets (p-envlf and
p-envlr, and p-envd and p-env5r) based on the
sequence of the PmERV chr 7, and then sequenced the
amplicons directly. We determined 674 bp of the N-
terminal env region [GenBank: AB597301} and found”
that the contaminant was nearly identical (99.6% iden-
tity) to the PmERV ¢hr 7 [GenBank: AC167978; nt
59,992-59,319] (Figure 4): :

It should be noted that Kit I.contains an anti-DNA
.polymerase monoclandl antibody to accomplish hot " .

start-PCR and to réduce non-specific amplification.
) ; .
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witholt carfier RNA The RT-PCR conditions Using Kit T were as follows:
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41368
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KltT Kit P C L Carrier .
4o Carrier - _-i" RNaseA

745bp
413bp.”
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Figure 1 Amplification of MLV-IIke vlra| seguences in Klt LA One -stép RT-PCR was conducted using Kit-l.with the indicated primer sets.
The RT-PCR. éonditions were a5 follows: reverse transcrigtion at 55°%C for 30 minutes; activation at 94°C for 2 minutes; 35 (lanes 1,.3,5 and 7) or
45.cycles {lanes 2, 4, 6 and 8) of the following steps: 94°C for 15 5, 57°C for 30 s, and 68°C for 1 minute; and & final extension at 68°C for 3

" minutes. Lanes 1, 2, 5 and 6: one-step RT-PCR with: carrier RNA; Lanes 3, 4, 7 and 8: one-step RT-PCR without carrier RNA. Each reaction was
carried out in duphcate {B) One=step’ AT-PCR was conducted using Kit T (left panel) and Kit - {nght panel) with primers 419F and .1154R with or

minutes; 45 cycles of the following steps: 94°C for 305, 57°C for-30 s, and 72°C for 1 minute; and a final extension at 72°C for- 10 minutes, The
RT-PCR conditions using: Kit P were as follows: reverse wranscription at 45°C for 45 minutes; activation at 95°C for 2 minutes; 45 cycles of the
following steps: 95°C for 30 s, 57°C for 305, and 70°C for 45 5; and a finat extension at 70°C for 5 minutes. (G One-step RT-PCR was conducted
with primers GAG--F and GAG--R using Kit | with or without RNaseA: Carrier RNA was not added to the reaction mixtures, The RT-PCR
conditions were as follows: reverse transcription:at 55°C fof 30 minutes; activation at.94°C for 2 minutes;-45 cycles of the followmg steps: 94°C
for 15 s, 57°C for 30 s, and 68°C for 1-minute; and 3 final extension at 68°C for 3 minutes. (D) One-step-RT-PCR was conducted using Kit | to
amplify env region of the contaminants. One-step RT-PCR was carried out using two primer sets prenvif and p-envir (lane 1), and p-env3f and -~
‘p-envsr. {lane 2). The RT-PCR conditions were the same as in Figure 1C with the exception of the number of PCR cycles (60 cycles instead of 45

| cycles). M: DNA size markev X

538bp
' 393bp

pemwif ! p-env3f

reverse transcription at. S0°C for 30 minutes; activation at 94°C for 2

Mice Have enormous copy numbers-of endogenous ret-
roviruses in their genomes; and hybridomas, for manu-
facturing menoclonal antibodies, have been found to
produce high amounts of retroviral particles [16).. There-
fore, we suspect that the Tag DNA polymerase in Kit I
was contaminated with the endogenous MLVs. This
possibility has been also pointed out by others [17,18].
Because the reverse transcriptase "(SuperSeriptIll) and

the Taq DNA polymerase (Platinum Taq) in Kit I can

be purchased separately from the manufacturer, we
attemipted to detect the MLV genome in the Platinum.
Taq polymerase using the same protocol as the-one per- -
‘formed in Figure 2A-B. As a tesult, we detected MLV -
genomes in the Platinum Taq DNA polymerase using
the RT-PCR Kit P and Kit T (F!gure 2D for Kit P and.
data not shown for Kit T)

Surveys have been conducted by several research
groups on XMRYV ‘infection in CFS patients, but the
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ﬁ . . 419F

A . B . . .| contaminant - 1iATCAGTTAACCTACCCGAGTCOGACTTTTIGGAGCTCCOECACTETACCTGGCT TTGT TEGEGEACGAGAGACAGAGACALTTCCEGCECEEETCTGARTTTITGET 107
\ Klt T . K[t P PmERV Chr 7 1:ATCAGTTAACCTACCCGAGTCGGACTTTTTGGAGCTCCGCCACTGTACGTGGCTT TGTTGGGGGACGAGAGACAGAGACACTTCCCGCCCCCGTCTGAATTEITGET. 107
CFS type 1 1:ATCAGTTAACCTAGCCGAGTCEGACTT TTTGGAGCTCCGCCACTGTACGTGGCT TTGTTGGGGGACGAGAGACAGAGACACTTCCEGECCCCETCTGEATTTTTGET 107
: . CFS type 2 1:ATCAGTTAACCTACCCGAGTCGGACTT TP TGGAGCTCCGCCACTGTACGTGGCTTTGTT CGAGAGACAGAGACACTTCCCGCCCCCGTCTGGATTTTTGST 107
I o 5 CFS type 3 1:ATCAGTTAACCTACCEGAGTCGEACTTTT TG AGCTCCOCCACTETACCTGGCTTTGTTGGGGGAC GAGAGACAGAGACACTTCECGECCCCGTCTGGATTTTTSET 107
3 5 ] = % & - £ ] XMRY VP62 13 ATCAGTTARCCTACCCGAGTCGGACTTTTTGRA - - ~BTGGCTTTGTTGEGCEACGAGAGACAGAGACACTTCCCGCCECCRTCTGAATTTTTIGET 92

E £ £ § 5 3 E & g [SOAORI SISO ROt SIS PSS ol

g 5 5 2 E 5 s ¢ = . ¢ & B . GAGF

- : 1 2 4 M 586 7 8M Contaminant 108:TTCGETTTTACGCCGAX GCCGCGCETCTGATTTGTTT-GTTGTTCTTTIGTTCTTCGTTAGT TT T CTTCTGTCTTTAAGTG TTTTCGAGATCATGGGACAGA 213
2.3 6 7 8 M . ! PMERV Chr 7  108:TTCGGTTTTACGCCGAAGECGCGCCECGEGTCTGACTTGTTT-GTTG T TCTTTTGTTCTTCETTAGTTTTCTTCTGTCTTTAAGTGTTT TCGAGATCATGGGACAGA 213

4 M 5

CFS type 1°* 108:TTCGGTTTTACGCCEAARCCGEGETGCGCGTCTGATTTGTTITATTGCTCTTTTGTTCTTCGTTAGTTTTTTTCTGTCT TTARGTGTTTTCAAGATCATGGGACAGA 214

CFS type 2 108:TTCGGTTTTACGCCGAA TGCGCGTCTGATTTGTTTTATTGC TCTT PTG TTCTTCETTAGTTTP T T TCTG TCTTTAAGTGTTT TCAAGATCAT 214
N CFS type 3 108:TTCGGTTTTACGCCGAAA TGCGCGTCTGATTTGTTTTATTGCTCT T T TGTTCTTCGTTAGT TTT - TTCTGTCTTTAAGTG TR TCAAGATCATGGGACAGA 213
XMRV VP62 231 TTCEGTTTTACGCCGAAA GCGCGTCTGATTTGTTTTGTTGTTCTTCTGTTCTTCGTTAGTTTTCTTCTGTCTTTAAGTGTTC TCGAGATCATGGGACAGA 199

B D I TR T ST T T T Y TP ST PP DRSPS
: Contaminant = 214 :CCGTAACTACCCCTCTGAGTTTANCCTTGCAGCACTGGGGAGATGTCCAGCGCAT TGCATCCAACCAGTCTGTGGATGT AGA( TGGATTACCTTCTGT 320
745bp PmERV CbT 7  219:CCGTAACTACCCCTCTGAGTTTAACCTTGCAGCACTGEGEAGATGTCCAGCGCAT TGCATCCAACCAGTCTGTGEATGTCAGGAAGAGGCGCTGGATTACCTTCTGT. 320
CFS type 1 215:CCGTAACTACCCCTETGAGTCTAACCTTGCAGCACT GTCCAGCGEATTGCATCCAACCAGTCTGTGGATGTCAGGAAGGEGCGCTGEGTTACCTTCTGT 321
413bp CFS type 2°  215:CCGTAACTACCCCTETGAGTCTAACCTTECAGCACTGGGGAGAT GTCUA TTGCATCCAACCAGTCTGTGGATGT TTACCTTCTST 321
CFS type 3 214:CCGTARCTACCCCTETGAGTCTAACCTTGCAGCACTGGGGAGATGTECAGCGCATTGCATCCANCCAGTCTGTGGAT GTCAGGAAGAGGCGCTGEATTACCTTETGT 320
- XMRV VP62 ' 200:CCGTAACTACCCCTCTGAGTCTAACCTTGCAGCACTGGGGAGATGTCCAGCGCATTGCATCCARCCAGTCTGTGGATGTCAAGAAGAGGCGCTGEETTACETTCTGT 306

. B LIRSS II IS DS SRSy

i . N X : ! S, . : . . .

! - - : . ST . s o - Contaminant 321:TCCGCCGAATGGCCAACTTTCAATGTGGGATGECCTCAGGATGGTACT TTCAAT TTAAGTATTATCTCTCAGGTTAAGTCTAGACTGT T TGTCCTGET £66 427
- A99F GAG-I-F . 419F GAG-I-F. . PWERV- Chr 7' 321:7CCGCTGAATGGCCAACTTTCAATGTGGOATGGCCTCAGGATGGTACTTTCAATTTAAGTATTATCTCTCAGGTTAAGTCTAGAGTGTTTTGTCCTGGTCCCEACGG 427
ST c R X . . D . . CES type 1 -322:TCCGECGAATGGCCAACTTTCAATGTAGGATGGCCTCAGGATGGTACT TTCARTT TAAGTATTATCCCTCAGGT TAAGTCTAGAGTGTTTTGTCATGETCCCCACGS 428
L . ~1154R . ’,_,G AG-"R 7 ~1154R v ~GAG—|-R . . CES type 2 3221 TCCGCCGANTGGCCAACTT TCARTGTAGGATGGCCTCAGGATGGTACT TTCAATTTAAGT AT TATCCCTCAGGT TARG TCTAGAGTGTTTTGTCATGGTCCCEACGG 428°
g > . . CFs €ype 3 321;TCCOCCEAATGECCAACTTTCAATGTAGGATGGCCTCAGCATGGTACT TTCAATTTAAGTATTATCTCTCAGGT TAAGTCTAGAGTGTTTTGTCCTGGTCCCCATGE 427

XMRV VP62 307 1TCCGCCGMTGGEC?\)\CTTTCM; ACTTTTAATTTAS TATCTCTCAGGTCARGTCTAGAGTCTTTTGTCCTEGTECCTACEG 413

ARRRA AR AR R R R A R A A ARSI R AR A RE RS IRAN AR PO A, BE AP RRE AAVAARE APARNKER IR RRANAA R PRIA KA LR AR

Contaminant 428:ACKCCCGGATCAGGTCCCATATATCETCACCTGEEAS TTGCCTATGACCCCCCTCCGTGGGTCAAACCGTTTGTGTCTCCTAAACT TCCTCCCTTGCCGACAG . 534
PMERV Chr 7 428:ACA CAGGTCCCATATATCGTCACCTEGGAGGCACTTGCCTATGACCE CCCTCCGTGGGTCARA TTGTGTCTCCTARACTTCCTCCCTTGCCGACAG 534

C K|t Q . D . : KItP : ’ CES type 1 429:ACACCCGRATC ATATCGTTACCTOOOAGECACTTGCTAT TCCGTCEGTC AAACCGTTTGTTTCTCETARACTTCCTCECTT CAG 535

N CES typa 2 429:ACACCCGGATCAGGTCCCATATATCGT TACCTGGEAGGCACTTGCCTATGACCCCCCTCCETEGGTCAAACCGTT TETTTCTCCTAAACTTCCTCCCTTGCCGACAG 535

CES typd 3 428:ACACCCGGATCAGETCCCATATATCGTTACCTGGGAGGCACTTGCCTATGACCCCCCTCCGTGEGTCARMACCGTTTGTTTCTCCTAAACCTCCTCCETTGCCGACAG 534

XMRV VP62 414 ACACCCGGATCAGGTCCCATATATCGTCACCTGGGA TTGCCTA' TCCGTGEGTCARACCETTTGTETCTCCTAMACCCCLTCCTTT CAG 520

B w - " = . - i B O TS T SO DO PE
i g & H] E . - .
5 § 2 8 2 T ;
£ 3 3 8 % 3 28§ -8 3§ % Contamihant 535:CTCCCGTCCTECC TCCTTCTGCGCAACCTCCGTCCOGATCTGECCTTTACCETGECCTTACCCCCTCTATAAAGTCCARACCTCC TARGCCCCAGGTTCTE 641
- S - PRERV Chr 7 535:CTCCCGTCCTCCCGECCEETCCTTCTGEGEAACCTCCGTCCCGATCTGECCTTTACCETGECCTTACCCCCTCTATAARGTCCARACCTCCTAAGCCCCAGETTCTC 641
M 41 23 4.5 6 .8 1t 2.3 .M 5 6 7- M CFS type 1  536:CTCCCGTCCTCCCGLCCLETCCTTCTGCGCARCCTCCGTCCCRATCTECCETTTACCCTGECCTTACCCCCTCTATAAAGTCCAMAECTCCTARGCECCAGGTTCTC 642
e . ol CFS type 2. 53¢:CTCCCGTCCTCCT TCCTTCTGCGEAACCTCCGTCCCGATCTGECCTTTACCCTGCCCTTACCCCCTCTATAAAGTCCARACCTCCTAAGCCCCAGGTTCTE 642
- " CFS type 3 533:CTCCLETCCTCCCGELEGGTCCTTCTIGEGCARCCTCCETCCEGATCTGCCCTTTACCETGECCTTACCCCCTCTATARAGTCCARACCTCCTARGECCCAGGTTCTC 641
XMRV VP62 521 :CTCCCGTCCTCCCGECCGETCCTTETGCGCAACCTCCGTCCCGATCTGCCETTTACCETGCCCTTACCCCCTCTATAAAGTCCARACCTCCTAAGCCCCAGGTTCTC 627
; B TPy P N PP Y E PP P PRI PN
- GAG-HR
Contaminant - 642 :CCTGATAGCGGCGGACETCTCATTGATCTTCTCACAGAGGACCCCCCGCCETACAGAGCACARCCCTCCTCCTCTY RACAATGAAGA 745
PMERV Cnt 7 642 :CCTGATAGCGGCGGACCCCTCATTGACCTTCTCACAGAGGACCCCCCGCCGTACAGAGCACAACCCTCCTCCTCTGECAGGGAGAACGACGAAGA 745
: . : CFS.type 1 6§3:CCTGAT TCTCATTGACCTTCTCACAG CCee-GCCGT ACARCCTTCCTCCTCT AACAATGAAGA . 746
. 745bp 745bp CFS type 2 643:CAGGATAGCGGCGGACCTCTCATTGACCTTCTCACAGAGEACCCTCC-BECET ACAACCTTCCTCCTCTGCCAGAGAGAACAATGARGAAGAGGCGGE 746
413bp _CFs type 3. 642:CCT TCTCATTGATCTTCTCAC AGAGGACCCCCCOGCCGTACGEAGCACAACCTTCCTCCTC TGCCAGGGAGAACAATGAAGAAGAGGCGGE 746
B - 413bp - XMRV VP62 626 :CCTGATAGC TCTCATTGACCTTCTCACAGAGEATCOCCC-GCCETACGGAGCACRACCTTCCTECTCTGCC AGGGAGAACANT GAAGAAGAGGCGGE 731
D D Yy YR SRSY Yo pePrOvy
: . T154R

Figure 3 Sequence alignments of a partial gag region of the contaminant in Kit | with a PmERV chr'7, XMRV strain VP62, and MLV-
like sequences derived from CFS patients (CFS types 1 to 3). Origins of the sequences used for the alignment are described in the Findings.

e - Mo GAGHE THF | GAGHF

R . Sequence alignments were performed using GENETYX Win ver, 6 {GENETYX, Shibuya, Tokyo, Japan). .
, ~1154R *- <GAG-I-R _ ~1154R . ~GAG-MR . _ e - ‘ g
§ ‘F,g..,, 2 6ne=stép RT-PCR for identification of Inants in Kit | and Plati Taq. _(A-C)_One-stép‘ RT-PCR for i@emilfi'cation of a . ] ‘ ) ; ]
’ . contaminated componerit in Kit 1. The experiments were conducted in two independent lsboratores, M and G In W, pudeic ocds wete _ rfesults have been inconsistent, Although all research© DNA polymerase from Invitrogen were contaminated
SN extracted from 50 gl of the enzyme mix of the-RT-PCR Kit 1 using an RNA purification column (QIAamip fval RNA mini kit [Cat. no. 52904) N E , carefull £ 4 thei f ts to- test ith MLV-related .
{QIAGEN]) arid the presence of polytropic endogenous MLY was examined by using the RT-PCR Kit T (Aland Kit P (B). tn JRC. nucleic acids were - groups caretully periormed their experiments to-test.  wl -related genomes. o
extracted from 75. it of the enzyme mix of RT-PCR Kit § using an RNA/DNA purification column. (PureLiri™ Viral RNA/ONA Kit [Cat. no. 12280-050] } XMRYV infection by .PCR and/or RT-PCR, it is The findings in the present study-indicate that con-
[invitrogen]), and the presence df polytropic endogencis MLV was examined using Kit Q (Q. Five pl of test sampl_es wefe examined Wlﬂg : ) still difficult to conclude that ‘the positive results linking taminating nucleic acids in the test kits can potentially
) pfime‘rs indicated below the corresponding lanes. T)le RT-PCR conditions for Kit. T: an_d Kjt P wereﬁthe sare as in Figure 1B. The RT-PCR o - XMRYV withCFS are not laboratory artifacts. Xenotropic prodiice false-positive PCR results in studies of XMR.V
.| conditions for Kit Q. were as foliows: reverse transcription:at 50°C for 30 minutes; activation at 95°C fof 15 minutes; 45 cycles of the following » (ot palytropic) MLVs are widespread, and there may be _and other MLV-related viruses. In particular, our

steps: 94°C for 30 5, 57°C for 30 s, and 72°C for 1 minute; and a fina) extension at 72°C for-10. minutes.Lanes 1- and 5, DW; lanes 2 and 6,
columin-purified cartier RNA (carrier); Janes 3 and 7, column-purified: nucleic acids from enzyme mix {engyme) of the Kit ! lanes 4 and 8, 1 pl L
“puffer of the Kit | plus 4 b DW (buffer). () One-step RT-PCR for the detection of MLV RNA in Platinum Taqg. Nucleic acids were extracted from

many opportunities for samples to get contaminated  results raise the possibility that thé PCR products .
with such ubiquitous viruses in laboratories when con- - -described by Lo et al. [13] were derived from contami-

50 wl of the Platinum Taq using anRNA purffication column, (QiAamp viral RNA mint kit (QIAGEN]) and, the presence of MLV RNA was exarpifwed o ’ ducting biological or medical research [17]. In this-  nating MLV RNA and/or DNA. It should be noted,
; by using the RT-PCR Kit P. Five-ul of test samples were éxamined with primers indicated below the cowresponding lanes. The RT-PCR condition ; . _study, we evaluated several gne-step RT-PCR kits and a' - however, that in"contrast to our data which shows
: was the same as in-Figure ‘1B with the exception.of Fhe PCR cycles (60 cycles instead of 45 cycles). Aﬁ?}?(?vyauon; Dw: distilled water, M: DNA . “Tag DNA polymerase ‘for the contamination of MLV- ~ MLV. contamination even in water controls, their |

size marker, : - C : related genomes and found that the test kit and the Tag ~ report demonstrated that polytropic MLV sequences
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Figure 4 Sequence alignments of a parna! env reglon of the contaminant in Kit | with a PmERY ¢hr 7. Origins of the sequences used for |
(he alignment are described in the Findings. Sequence alignments were performed using GENETYX \Mn ver. 6 (GENETYX, Shibuya, Tokyo, Japan)J . .

1.

were found moré frequently in CFS patients than in
healthy controls and not at all in water. controls. None-.
theless, La et al. mentioned i the report that Platinum

MLYV as well as XMRV

Taq from Invitrogen gave them the best results among

Taq polymerases from several suppliers and was used.
to test the patient samples [13]. They also used Invi-
trogen’s Superscript II RT and Platinum Taq for RT-
PCR, albeit in a two-step cDNA synthesis and PCR
‘amplification. procedire [13). As pointed out by Erl-
wein et al. in the comments {19] responding to the
report by Lo et-al. [13], assurance that control samples
were assayed simultaneously with the positively identi-
fied ones in a blinded, randomized way was missing in
their study, unfortunately.

The requirement for quality control to aveid contami-
nation of endogenous retroviral genomes in test kits
may différ deperiding on the intended purpose. How-
ever; in XMRV studies, many researchers conduct ultra-
sensitive PCR or RT-PCR to detect extremely small
amounts of XMRV. Therefore, in the investigation’ of
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Disease-associated XMRV sequences are consistent
“with laboratory contamination |

Stéphane MU' Eleanor R'Gray'', Astrid Galt?; Aris Katzourakis®, Choon Ping Tan!, Charlotte J Houldcroft?,
" stuart McLaren?, Deenan Pilay', Andrew Futreal?, Jereriy A Garson', Qliver G Pybus®, Paul Kellam'?,

Greg J Towers" '

Abstract B

B'a'ckgr'o\ir'\d: Xenotropic-muring leukaeria viruses (MLV-X) are endogenious garmmiaretroviruses that infect cells
from_many-species, including-humans. Xenotropic murine leukaernia virus-related virus (XMRV) is a retrovirus that
hias been the subject of intense debate since its detection in samples from hurnans with prostate cancer (PC) and
¢hranic fatigue: syndrorne (CFS). Controversy has arisen from the failure of some studies to detect XMRV.in PC or
CFS patients and from inconsistenit detection of XMRY in healthy controls.
Results; Here' we demonstrate that Tagman PCR primers-previously described as XMRV-specific can amplify
common murine endogenous virat sequences. from mouse suggesting that mouse PNA can contaminate. patient
“sariples and cénfound specific XMRV- detection. To consider the provenance of XMRV we sequenced XMRV from
the cell-line 22Rv1, which-is infected. with an MLV-X that is indistinguishable from patient derived XMRV. Bayesian
phylogénies clearly-show. that XMRV ‘sequenices reportedly derived from unlink_ed patients-form a monophyletic
clade with interspersed- 22Rv1 clones (posterior probability >0.99). The cell line-derived sequences are ancestral to
‘the patient-dérived sequences (posterior probability >0.99). Furthermore, pol sequences apparently amplified from -
PC patient- material (VP29 and VP184) are. recombinants of XMRV and Moloney MLV (MoMLV) a virus with an
-énvelope that Iack’s'tropism for human cells, Considering the diversity of XMRY we show that the mean painwise
genetic.distance-among-env and pol 22Rv1-derived sequences exceeds. that of patient-associated sequences
“(Wilcoxon rank sum test: p = 0.005 and p < 0001 for pol-and eny; respectively). Thus XMRV sequences acquire
diveréity in a cell line but not in patient samples, These observations are difficult to reconcile with thé hypothesis
that.published XMRV sequences are related by a process of infectious transmission. ) )
Conclusions: We provide several independent lines of evidence that XMRY detected by sensitive PCR methods in
patient samples is the fikely result of PCR contarmination with mouse DNA and that the described clones of XMRV
arose from the tumour cell line 22Rv1, which was probably infected with XMRV duting xenografting in mice. We
propose that XMRV might not be a genuine human pathogen. . J

; . L}

Background ) B
XMRV: (Xenotropic-murine Jeukaemia virus-related virus)
is-a xenotropic murine leukaemia virus (MLV-X) that has
. been detected in samples from prostate cancer (PC) and
- chronic fatigue syndrome (CFS) patients [1-6], This has
led to the suggestion that infection with this virus might
cause these conditions. MLV-Xs are endogenous gamma

"+ Correspondence: pkS@sangerac.uk; g.m\j/ers@ucl.ac.uk
+ Contributed equally . .

© MRC Centre for Medical Molecufar Virology, Division of Infection and .
immunity, University College London, 46 Cleveland St, Landon WIT 4JF, UK
Full tist of author information is available at the end of the anicle

retroviruses found in the genomes of mice, They are so
narfied because in vitro they infect cells from a variety of

species but were originally found not to infect the inbred

strains of mice from which they were derived, due to
mutations in the host xenotropic receptor. More receritly,
murine xenotropic receptor variants have been described
which support MLV-X infection revealing a complex evo-
lutionary. relationship between MLV-X .envelope

 sequences and their receptors in rodents [7-9), XMRV has

also been detected in }-6% of healthy human controls in
some studies, suggesting that infection may be common in
the healthy human papulation {2,3,5]. The association

0.2010 Hué et al; licensee BioMed Central Ltd. This is an Open Access article distributed under the terms of the Cieative- Commons

) BioMed Centra[ Attribution License {(http//créativecommans.org/licenses/by/2.0), which permits ynrestricted use, distribution, and reproduction jn
. any medium, provided the original wark is properly cited. oL
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between 'XMRV and human disease is controversial, with
some studies detecting XMRYV in up to 67% of patients
whilst othets have failed to detect XMRV infection

-[10-18]. Importantly, examination of infected prostate

tumours reveals that not all the tumour cells are infected
with XMRV suggesting that XMRV insertion is not

required for tumourogenesis [L]. XMRV sequences

detected in patients are rematkably similar to each other
often differing by only a few nuéleotides between unlinked
patients [2]. This lack of seqtience variation appears incon-

sistent with a retrovirus infecting geographically separated,

unconnected individuals. Here, we have examined the spe-
cificity of XMRV PCR, XMRV sequence variation and the
phylogenetic relationship between XMRYV detected in

- humans and as contaminants I cell culture. We conclude

that XMRYV in patient samples is likely to be derived from
PCR contamination from either. mouse DNA or cell lines
infected with XMRYV, and that XMRYV is unlikely to be a
human pathogen. B . ‘

Results and Discussion

Primers reported to be XMRV specific can detect mouse
DNA Co

‘To bettér understand the provenance of XMRYV [1,2] we
. screened. nine inbred and three wild-derived inbred

mouse strains ‘with- Tagman' PCR primers previously
used to specifically detect XMRV. We selected the
mouse [ines to be widely spread across. the inbred gen-

* ealogy [19) and to be available as DNA from the JAX

database, Jackson Laboratoriés Bar Harbor, Maine, We
first used primers targeting a 24 nt deletion in the gag-
leader region reported to be XMRV-specific (1,4]. Signif-

icantly, all 12 mouse strains were PCR positive (Table

1). We also detected this repottedly-specific deletion in

the gag-leader of endogenous proviruses in 4 mouse "

strains (129X1/Sv], Balb/c], CBA/] and LPT/Le]) by 454
deep sequéncing (Roche) the PCR product amplified
with primers flanking the deletion (Figure 1 Table 1 and
Additional File 1; Table S1). The deletion was at a low

~frequency, consistent with-it. being present in just one

(or a-few) of many endogenous proviral copies
compared to othet murine leukaemia viruses (MLVs)
present in higher copy numbers. Since.some Tagman
PCR-positive' mice were negative for this 24 nt gag-
leader deletion by deep sequencing, we conclude that
either these Tagman primers are not specific for the

deletion, or that endogenous murine leukaemia virus -

(MLV) sequences with the deletion were not always
PCR-amplified in this-deep sequencing experiment, pos-
sibly due to’ primer mismatch. We certairily cannot
compare deep sequencing with Tagman PCR in terms
of sensitivity, but both of these-techniques suggest that
the gag-leader deletion can be found in the genome of

'some inbred mouse strains. We found further evidence

Page 2 of 10

for this XMRYV signature sequence in GenBank: a 1124

‘nt sequence encoding the “XMRV-specific” gag-leader

24 nt deletion is present in the genome of 129X1/Sv}
strain mice {AAHY01591888 Figure 1). We also tested
the specificity of XMRV integrase Tagman primers
previously used to screen for XMRV {5]. Amplification
of mouse genomic DNA showed high copy (2 strains),
low copy (6 strains) and undetectable (4 strains) levels '
of amplifyable MLV provirus using these primers (Table
1). These data indicate that primer sets previously
described as XMRV-specific can readily-amplify MLV
sequences from a variety of mice when used under the

_PCR conditions described {4,5,14], and that some targets
exist at high copy number in genomes of mice.

Human cell lines are commonly contaminated with
xenotropic MLVs : :
Human cell'lines have been found contaminated with
gammaretroviruses including xenotropic murine leukae-
mia viruses (MLV-X) [20,21]. They are likely to have
been transmitted to human cells during cell passage as
grafts in mice, or when human cells are cultured
together with mouse cells. In. order to explore the fre-
quency and genetic diversity of XMRV-like sequences in .

-cell culture, we screéned 411 cell lines from the COS-
"MIC collection (Additional File 2; Table $2) [22]. We

chose this collection as a-source of well characterized
human tumour cell lines of different tumour types. We .
used Tagman primers for the XMRV gag-leader deletion
[4], the- XMRYV integrase [5], and also used primers
designed to amplify diverse MLV-X gag sequences[14]
(Additional File 1; Table $1). Nine human cell lines
(2.2%) ‘were positive using MLV-X-gag primers
(Table 2). Five of these nine lines were also positive
using XMRV gdg-leader primers(4]; but norie were posi-
tive using XMRV-integrase primers {5] (Table 2). Direct
sequencing of gag, pol and env PCR products amplified
from these cell lines revealed a single sequence in most
cases (Table 2). Phylogenetic analysis of these sequences -

_confirmed that the contaminating viruses.are closely

related to MLV-X previously found infecting cultured
human cell lines[20) (Additional File 3; Figure $1)."
Importantly, MLV-X viruses in human cell lines, includ-
ing XMRV,.are contained within the genetic diversity of
known murine viruses and do.not represent-an out-
group or -a specific clade that is more common in °
human tumour cell lines. Thus human cell lines com-
monly carry retrovifuses that can be amplified with pri-
ners erroneously described as specific to XMRV [4,5].

Phylogenetic Aanalysis of XMRV sequences
" Analysis of the genetic diversity and phylogerietic rela-

tionships among retroviral sequences, both endogenous

. '[23} and exogenous [24] can reveal information about
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Table 1 Screening of genomic DNA from 9 inbred and 3  wild-dérived inbred mice ysing Tagman PCR
Mouse strain ’ Tagman PCR resuit {Ct FAM)

Name Jackson 1D 454 deep sequencing XMRV - gag-leader © XMRV - int MLV-X - gag
Read depth (%) Ct oCt Ct
inbred . ’
129X1/5v) 000691 64706 . 073 28 >43 2
Balb/ci 000651 32512 062 31 >41 23
CS7BL/G) 000664 39548 0 27 . : L >4 ‘ 20
(C578R/cd) 000667 29280 0 27 21 21
CBA/) 000656 20548 , 077 27 T39 21
DBA/Y , 000670 - 63559 0 28 35 - + 20
i/LnJ 000674 8012 0. 28 . 38 20
LPT/Le) 000220 10303 064 28 - >41 22
NZW/Lac) 001058 11644 0 28 21 A 20
Wild-derived inbred .
PWK/Phj 003715 9457 0 29 - - T 38 19
WMP/PasDnJ . 001746 19294 .0 28 - - 36 22
WSB/EU 001145 14062 0 38 .38 2

Mice names and Jackson lab identification numbers (ID) are shown as are. the proportion of positive 45d-sequenciﬁg reads that contain the XMRV 24 nt deletion
signature sequence compared to the total number of reads obtained from each amplification réaction. Cycle threshold (Ct) values for Tagman PCR performed
with primer sets targeting XMRV gag-leader, integrase and MLV-X-gag are also shown, Template amounts were 1 ng, 200 ng and 2 ng respectively. Lower
amounts of genomic DNA were used in gag and gag-leader PCRs due to the high number.of amphcons de«ected We define positive PCR as those with a Ct of

fess than 41, This cut off was chosen on the basis that PCR

of plasmid conce of 5

 per PCR glve Ct values of 40. PCR detection of

concemra(ions below 5 molecules became stochastic and are thus below the limit of feliable detectlon (data not ;hown) Primers-aré shown in Tablé 51.

their replication and evolutionary history. We therefore
performed-extensive evolutionary analysis of published

XMRY and related sequences in ordeér to better under-:

stand their origin and proliferation. The widely studied

" prostate cancer line 22Rvl is reported to produce high

levels of a virus élosely related to. XMRV [25,26]. We

" therefore ¢loned and sequenced gag (n = 16), pol (n'=
18) and env (n =.10) PCR products amplified from

genomic DNA purified from this cell line. Of these, 13/
16 gag sequences, 15/18 pol sequences and 8/10 env
sequences were unique. These numbers are consistent
with the previously estimated XMRV copy number in

150 160 170 180
B N IXIEEETE RETI FIPS PP P L

MY VPE2 (KC_DO741S) TTGT

129%1/8v3:

Balb/ey

LPT/LeT

129%X1/8v (AABY01591888)

C57BL/6J chr 5 (NT_185760)
C57BL/67 chr. 8 (NT_073575)
C5TBL/6J chr 11 (NT_03951S5) .

+CTCCGCCACTET~~ . .
CTCCGCCM:TGTCCGAGGGGTRCG .........
Figure 1 Alignment of XMRV gag-lea,der sequence with gag-
leader sequences from endogenous MLVs in mice. XMRV-ike
seéquences from four inbred mice containing the 24 nt deletion
sighature were identified by deep sequencing and one sequence
identified by BLAST. The most similar sequences from the C578L/6
genome are, shown for comparisoh and all sequences are compared
to XMRV VP62, Numbering refess to the length of the PCR product
derived using primers EG87 and EG89 (Additional File-1; Table S))J

the 22Rv1 cell line of 10-20 copies [25]. We analysed

these unique. cell Jine sequences together with (1) pre-°

kus]y-descnbed full-fength endogenous MLV genomes
{27] (n ="46), (ii) a previously described XMRV clone
from the 22Rvl cell line (n =1 [26] GenBank:
FN692043) (iii) full-length XMRV sequences. reportedly
amplified from PC (n = 6)[1], 'or CFS patient samples (n

= 2){2], {iv) prevxously reported XMRYV pol sequences .

derived from PC patjent material (n = 6){1], (v) addi-

tional C57BL/6 endogenous full -length- MLV sequences’

identified using BLAT (n =
MLV complete genomes (n = 5)
Quite unexpectedly, visual inspection of the 2552 nt

), and (vi) various other

" XMRV pol sequences [1] revealed that sequences VP29

and VP184, which were apparently amplified from PC
patient material, are recombinants of the 22Rv1 cell line
virus and Moloney MLV (MoMLV). A nucleotide
BLAST search revealed that the Moloney MLV derived
fraginent from VP29 (1182 nt) is 100% identical to
MGMLYV (GenBank AF033811), 11 nucleotides different
to the closest known mouse endogenous MLV (Gen-
Bank AC153360).and 22 nucleotides different to the
XMRV clone dertved from -the 22Rvl cell line
(FN692043)..The regombinant nature of VP29 and
VP184 was confirmed by phylogenetic incongruence
analysns (Additional File 4; Figure §2). The fact that

.MoMLV envelope dq;s not have tropism for human

cells, that these PCR products were derived from human

Hug et al. Retrovirology 2010, 7:111
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Table 2 Screening human cell line genomic DNA usmg Taqman PCR

Cancer cell liné

Taqman PCR Result (Ct FAM) Sequences obtained

Name COSMIC ID  Cancer type XMRV-~ XMRV -<int  MLV-X -gag  gag pol env
gag-leader . o
) A2780 906804 Qvary adenocarcinoma No Ct No Ct 27 S S S

< BHY 753535 Squamaus cell carcinoma No Ct No Ct 15 S . S S .
CoCM-1 910783 Colon adenocarcinoma 16 No Ct 16 S S M

* Daudi 906831 Lympheid neoplasm/Burkitt lymphoma 21 ’ NoCt - 2 <M M S
EKVX 905570 Lung adenocarcinoma ) No Ct No Ct 18 M S S
IMR-5 907170, Neurcblastoma No Ct No Ct 20 S S S
MUTZ-1 9081SS Haematopotetic neoplasm/Myeloid leukaemia = 40 No Ct 14 S N S.
s-117 910946 Thyroid sarcoma 19 No Ct 18 M- S S
TYK-nu 909774 Ovary carcinoma 27 No Ct 18 M S S

Only MLV-X-gag positive cell lines are included. A total of 411 DNAs.from human tumour cell iines from the COSMIC (Catalogue Of Somatic Mutations In Canger

repasitory) http//ww ac.uk/g /CGP/cosmic rep

ing a variety of cancér types were screened. Common names, {Cosmic D) and tumour type
“are shown. Cycle threshold (C1) values for thé three Tagman PCR reactions are shown. (5) denotes a single sequence (M) denctes multiple sequences obtained

after direct sequencing of gag, pol and env PCR products. We define posltlve PCR 3s those with a Ct of less than 41, Primers are shown in Table S1,

material, and that the 1182 nt XMRYV fragment is identi-
cal to commoh MLV-based plasmids, strongly suggests
PCR contamination ‘as the source of the recombinant.

Next, we investigated the evolutionary relationships -

among the aforementioned sequences (excluding identi--

cal 22Rv1 clone sequences and the recombinants) using
Bayesian, phylogenetic methods, The resulting phylogeny
(Figure 2) clearly shows that XMRV sequences report=
edly derived from.unlinked patients are interspersed
among sequences derived from the 22Rvl cell line
within a single strongly supported monophyletic cluster

constructed from full-length and non- overlappmg frag-
_ments rather than the gene specific trees (Additional
File 5; Figure S3) in order to include, all the available
variation within the XMRV sequences in the analysis.
Non-overlapping sequerices will not induce a bias in the
Bayesian phylogenetic reconstruction as long as they are
mdmdua.lly compared to full- length genomes.

22Rv1 associated XMRV Is more diverse than paﬂent .

_“derived sequences

(posterior probability 50.99; Figure 2). These results -

were consistent when phylogenies were réconstructed

on the basis of the gag, pol and env gene independently ..

(see Additional File 5; Figure $3). In addition to the
interspersion of cell line and patient ‘derived. sequences,
cell line-derived sequences are basal to the patient-

“derived sequences (Figure 2). However, many of the
XMRV and XMRYV related sequences are-so closely.

"'The observed genetic dxversmes of cell- hne and panent—

“derived sequences are also. difficult to reconcile with the
hypotheésis that published XMRV sequences are related
by a process of infectious transmission, The mean. pair- -
‘wise genetic distance among pol and env gene sequences

* derived from-22Rv1 cells exceeds that among patient-

related to each other that the precise branching order -

within the XMRV cluster could not be elucidated with

robust. support. As a result no one particular clone

could be identified as the ancestor of the cluster with
high statistical support in either the full length (Figure
2) or gene specific (Additional File 5; Figure S3) trees.
To examine this further, we inspected the 3000. most

probable Bayesian trees obtained from the full-length

. alignment (Figure 2) and found that a'cell line derived

sequence was basal to the XMRV cluster in every case
(data not shown). Thus, the estimated posterior prob-
ability that the ancestor of the cluster was.not a celf line

‘derived sequence was <0.001. Together these observa-

tions support the notion that the 22Rv] cell line XMRV
sequences are ancestral to the patient-associated XMRV.
sequences in this analysis. We have used the tree

associated sequences (Wilcoxon rank sum tést: p = 0,005 - -

and p' < 0.001 for pol and env, respectively; Figure 3 and '
Additional File 6; Table $3). For the gag region, the'mean
pairwise génetic diversities of patient-derived and cell--~
line sequences are not significantly different (Figure 3
and Additional File 6; Table $3). In order to test for the
potential confounding factor of PCR and sequencing
errors in the 22Rvl clones diversity, genetic distances
were re-calculated assuming that 1% of the diversity seeh -
in the clones was artefactual. Even under such an-
extreme scenario, and .assuming no. sequencing error in
the patient-derived sequences, the mean pairwise genetic

diversities of patient-derived and cell-line sequences are - '

not significantly different in the gag and pol loci, while
the genetic distance among env gene sequences derived
from 22Rv1 cells still exceeds that among patient-asso-
ciated sequences (Wilcoxon rank sum test: p < 0.001;
.data not shown). Even under the most con'setyative' -
hypothesis that XMRV undergoes almost no evolutionary
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Figure 2 Phy\ogeny of 22Rv1 and patient derived XMRV sequences and other murine leukagmia viruses: Bayesian maximum clade

monophyfetic cluster formed by 22Rv1 celt line derived XMRV. dlones and patient derived XMRVs is magnified in {B). Xenotropic MLV (MLV- X,
polytrapic MLV (PMLY), and modified polytropic MLV (MPMLV) were added as controls. Sequences derlved fiom prostate cancer patients (W and
. WOy and chronic fatigue syndrome patients (WPI) are indicated by red and. yeliow! circles respectively, Gene sequences derived from 22Rv1
clonés are |nd|cated by blue squares. When fullJength-genomes were ot available, the laci of the segyence. used in the phylagenetic
Teconstriction' are shown in- brackets.- APOBEC-3G/F hypermutated clones are labelled with 2 closed circle. The tree is rooted agannst AKV and
Moloney MLVs. Bayesian posterior probabilities of 1.00 are indicated on the :orrespondmg branches by a star. THe. scale bar represents the
number of nucleotide substitutions per site, X .
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Figure 3 Enumeration of nucleotide substitutions per site
between the cell-line and patient-derived XMRV seq es .
The pairwise genétic distance among pol and env sequences

| derived from 22Rv1 cells {white boxes) is significantly higher than ,
among patient-associated sequences:(grey boxes) {Wilgoxon rank
sum test: p = 0.005 and-p< 0.001 respectively). There is bo
significant difference in variation in the gag region. The top end of
the y-axis was truncated to -accomrriodate outliers in the gag 22Rv1

categofy. Outliers are due to:APOBEC hypeymutation..” -

change upon transmission, we wo.u_ld expect sequences
sampled from geographically-disparate individuals, with
no known epidemiological linkage, to exhibit more diver-

“sity than sequences derived from a single infected cell

line. We cannot reject the possibility that cell line-
associated XMRV diversity.is higher because it has
undergone more replication than XMRV in epidemiolo-
gically-unlinked individuals in different disease cohorts
or that the patients were infected by a clonal virus from
an unidentified source. Howeve, to our knowledge, there
are no examples of reported accelerated viral evolution i in
culture as compared to in natural hosts and therefore in
the context of our other results; this seems unlikely. -

Another notable characteristic of the XMRV clade is’

its asymmetry (B; asymmetry statistic = 24.47, p <
0.002). This is an expected: property of families of endo-
genous mobile elements {23]. Phylogenetic asymmetry
implies that whenever replication occurs, one daughter
sequence tends to be inactive whilst the other continues
to proliferate. This phenomenon arises naturally. when
one (or a few)-active endogénous viruses in ‘a genome
generate inactive copies by re-infection [23}, but is diffi-
cult to explain under a hypothesis of host-to-host trans-
mission. Extreme cases of.strong selection among
genetically diverse variants can cause asymmetry.[28],
although in this case, the lack of XMRYV. genetic diver-
sity is incompatible with this Ppossibility.

Whilst. our cbservations c¢annot concluswely prove

that XMRYV is not a human pathogen’ they appesar
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consistent with the hypothesis that XMRYV is not an
exogenous virus transmitting among individuals. Instead,
multiple lines of evidence suggest that the full length
clones of XMRV originated from the 22Rv1 cell line.
PCR contamination could arise directly from 22Rv1 cells
or from cells inadvertently infected with the 22Rvi
derived virus. We speculate that the 22Rv} cells became
infected with XMRYV during their passage through athy-
mic mice {29]. Data in Figure 1 demonstrate that mouse
DNA could also contaminate patient samples as a vari-
ety of mice encode sequences, with endogenous MLV

" proviruses, that are detected with PCR protocols that

are designed to detect XMRYV. It is quite possibie there-
fore that previously published findings are explained by
contaminated PCR where the patient samples were con-

_taminated by mouse DNA or DNA from cells infected

with MLV-X including that from 22Rv1 cells. A recent
study amplified polytropi¢c MLV sequences rather than
XMRV from chronic fatigue patient samples [30] and
healthy donors. Unfortunately the MLV sequences

"described there were too short to carry out a thorough

phylogenetic analysis, and we have therefore. not
included them here. It is difficult to retrospectively
establish whether prior studies: have contaminated

.~ patient samples. Importantly, assay contamination can-

not be assessed by detection of murine DNA alone since
MLVs contaminate a significant proportion of non-

‘murine cell lines common in ‘laboratories 1,30]. PCR

contamination has previously been found to underlie
erroneous association between retroviruses and human
disease underlining the difficulties associated with
detecting pathogens by PCR (31,32},

Conclusions

We conclude that future scteens for’ MLV-related
sequences use more rigorous PCR containment proce-
dures, such as those used to reliably recover ancient

. DNA [33], or manage contamination by controlling for

its inevitable frequency, for example by screening equal
numbers of controls prepared and stored identically,
together with test samples [34]. Positive samples must be
sequenced and those that are identical to known endo-
genous murine sequences,-or plasmids present in the
host laboratory, should be treated with caution. Whilst

. true association of XMRV with human disease would be

of great medical importance, it is imperative that such an
association is rigorously established before it impacts on
diagnosis and patient care..We suggest that XMRV as a
human virus does not canform to this criterion,

Methods

- Tagman PCR

PCR of mouse genomic DNA was. performed using pri-- .
mers/p:obes as prevmus]y descnbed (Additional Fxle 1;
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Table S1) [4,5,14]. PCR conditions including buffers (a
single batch of 2x. Tagman PCR master mix (Applied
Biosystems)) and thermocycler conditions were also
essentially as described [4,5;14]. All human. tumour cell

line Tagman PCRs were run in a duplex assay using the

Tagman® RNase P Control Reagents (VIC) (Applied Bio-
systems) as-an internal control. Cycling conditions were
95°C for 15 secs and annealing/extension at 60°C for 1
minute after an initial denaturation of 10 min. Thresh-
olds were routinely set at default values. Primers are
shown in Additional File 1; Table S1.

454 Sequencing of inbred and wild-derived inbred mouse B

samples

Mouse DNA samples were obtained from the Jackson
Labs (Bar Harbor, Maine) except for Balb/c which was
obtained from Sigma (D4416). 100-200 ng DNA from
each mouse was amplified using Platinum Pfx (Invitro-
gen) proofreading polymerase and primers EG87 and
EG89 (Additional File 1; Table S1). 500 ng. of amplified
DNAs were sequenced using the Genome Sequencer

FLX Instrument and GS FLX Titanium series reagents .

(Roche/454 Life Sciences) according to the manufac-
turer’s instructions. SFF files were processed using the
stifile and sffinfo commands of the SEF tools, split based
on the MIDs, and FASTA files were created for each
sample. Reads containing XMRV-specific 24-nt deletion,
were identified using a customised python script and
their frequency was calculated. .

PCR, direct sequencing and sequence analysis

Partial gag, pol and env sequences were amplified from
genomic DNA from human tumour cell lines using pri-
mers labelled TC in Additional File 1; Table S1.PCR
products were purified and subjected.to direct sequen-
cing, which obviated PCR error, using an Applied Bio-
systems 3730x] DNA analyzer. Gag, pol. and env
sequences from the 22Rv1 cell line were amplified with
a single stock of Platinum Pfx (Invitrogen) proofreading
polymerase and primers labelled 22Rv1 in  Additional
File 1; Table S1. PCR product was gel purified and
ligated into pZero Blunt and transformed (Invitrogen).
Positive plasmid clones derived from individiial colonies
were then squencéd.

Phylogenetic analysis

22Rv1 cell line derived gag (1605 nt, n =11), pol (1635 nt;

n = 15) and env (1935; n = 8) unique sequences were
manually aligned with 6_full-length XMRYV sequences
apparently amplified from PC samples (GenBank
DQ241301, DQ241302, DQ399707, EF185282, FB579966,
NC_007815), 2 full-length XMRV sequences from CFS
patient samples (GenBank GQ497343, GQ497344), pre-
viously described pol sequences derived from PC patient
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material (VP29, VP79, VP86, VP88, VP90, VP184; n = 6)
(1], one previously reported sequence derived from the
22Rv1 tumour cell line (GenBank FN692043) [26], 46
nonecotropic endogenous MLV sequences[27], 28 endo-
genised MLV full-lexi'gth sequences identified by BLAT

search {35] of the mouse genome using the VP62 XMRV

sequence (GenBank PQ399707) as a query, the DG-75
MLV complete genome sequence (GenBank AF221065),
one murine type C retrovirus complete genome (Gen-
Bank X94150) and one murine AIDS virus provirus‘ com-

plete sequence (GenBank S80082). The complete genome

sequences of AKV and Moloney MLV {GenBank J01998
and AF033811) were added as outgroups. Bayesian phylo-
genies were reconstrycted with thé software MrBayes
version 3.1.2 [36], under the General Time Reversible
model of nucleotide’substitution, with proportion of
invariable sites and gamma-distributed rate heterogeneity
(GTR+I1+G). GTR+I+G parameters were estimated with
the program PAUP* yersion 4b10(37] using full-length

"genomes only, and were fixed prior to the phylogenetic

reconstruction.. The - Markov. chaln Monte Carlo
(MCMC) search was set to 3,000,000 iterations, with
trees sampled every 1000th generation. Maximum clade
credibi]ity trees were gelected from the posterior distribu-
tion with the program TreeAnnotator version 1.5.2
http://beast.bio.ed.ac.uk/, after discarding a 20% burn in.
“Trees were edited withy the program FigTree version 1.1,2
http://tree.bio.ed.ac.uk/software/figtree/. Phylogenetic
reconstructions were ‘also conducted in ‘a:gene-specific
manner for the gag, pal and env loci following the afor-
mentioned methodology The posterior probability that

. the ancestor of the XMRYV clade was not in the cell line

was estimated by recording the number of times a cell
line clone was not basal to the clade on a random sample
of 1000 trees extracﬁed from the Bayesian postenor
distribution.

Tree shape was asaessed using the B; statistic[38],
accounting for phylogenetic uncertainty by marginaliz-
ing'B; across a samplg of 1000 posterior trees generated

‘by Mr.. Bayes (B, average = 24:27, 95% highest posterior

density interval = 20.98-26.75). The null distribution of
B, was calculated by simulating 1000 phylogenetic trees
with 55 taxa (i.e. the gize of the XMRV clade). Signifi-
cance was assessed by.counting the number of times B;
valtes less than the mean By value occurred in the
simulation (2 in 1000 replicates).

The phylogenies of ‘the gag (783 nt; n = 6), pol (381
nt; n = 9) and env (516 nt;:n = 9) MLV-X sequence
fragments amplified from tumour cell lines were ‘esti-

mated as described above. The sequences were com- .
pared to nonhecotropic endogenous MLVs (n = 95), AKV -
(GeriBank Acc. J01998) and Moloney MLV (GenBank

Acc. AF033811) sequences, as well as 5 XMRV
sequences apparently amphfled from PC and 2 from
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: CFS samples. The MCMC search was set to 5, 600, 000

lteratxons, with trees sampled évery 100% generations.

" Recombination analysis
Following visual mspectlon of the gene sequencesv

derived from PC patient material (n = 15), a 1185 nt pol
gene fragment from patients VP29 and VP184 was used
in a nucleotide BLAST search .against all available
sequences. Both fragments showed maximal identity

with two Moloney MLV complete genomes (GenBank .

AF033811 and J02255; 99% and 100% identity with
VP29 and VP184 respectively). Further evidence of

recombination between XMRV and Moloney MLV was’

sought by examining phylogenetic incongruence in two
maximum Jikelihood trees based on i) the 1185 nt pol
gene fragment (position 2400 to 3585 of the Moloney
MLV AF033811) and ii) the following 1335 nt (position
3586 to 4921). The pol sequences used for the analysis
comprised 14 patient-derived sequences (see above), one
Moloney MLV sequence (GenBank AF033811), one
AKV virus sequence (GenBank J01998) and 39 noneco-
tropic endogenous MLVs[27]. The trees were recon-
structed under the GTR+I+G model of evolution, using
PAUP*. The robustness of the topologies was assessed
by neighbour. joining bootstrapping with 1000 replicates.

Genetic dlstance analysis

Pairwise nucleotide differences in the gag (1605 nt), pol
(1635 nt).and env (1935 nt) of the 22Rv1 and patient-
associated sequences were. calculated using PAUP*(37]

" Genetic distances were estimated i) as the uncorrected

number of observed nucleotide substitutions per site and
ii) under the GTR+I+G model of evolution, Prior to com-
putation, sequences were screened for APOBEC-3G/F
mediated G > A hypermutations, using the Hypermut2.0

. algorithm from the Los Alamos HIV Sequence Database

[39); and hypermutations masked. A total of 81 and 5

hypermutations were found in the 22Rv1 and patient-
associated sequences respectively. The XMRV/Moloney '

recombinants VP29 and VP184 were excluded.- The null

hypothesis that genetic diversity is equal in 22Rv1 clones. .
- and patient-derived XMRV sequences was tested using -

the non-parametric Wilcoxon sum rank test.

MLV-X nucleotide sequences obtained from human
tumour cell lines have GenBank accession numbers
[FR670581-FR670601] and 22Rv1 derived sequences are
[HQ385277-HQ385320].

Additional material

Additional file 1: Table 51: Brimers used in this study . Primers used
o non-specifically amplify the gag-leader deletior were EG87 and EG89.
- Gag, pol and env primers were used to amplify sequences from the
infected human, tumour cell lines (TC primers) or from the 22Rv1 cells
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EZRV] primers). Tagran PCR primer sets used to screen mouse genomic
ONA and human tumour celt lines are also shown, .
Additionat file 2: Table S2: Cancer cell lines screened in this study.
The 411 human tumaur cell lines screened by Tagman PCR for MLY-X
and XMRV signatures. Detalled.are their common name, COSMIC ID, and
tumour classification detalls, No experiments were carried. out with 22Rv1
cells until all experiments with tumour cel fines and mouse DNA were
completed. NS Not specified. Primers are shown in Table S1.

Additlonal file 3 Figure S1; Bayesian maximum clade credibility

" trees based on the gog (a), pol {b) and env (c} loci of known MLV

and MLV-X found contaminating human turnour cell lines.
Xenotropic MLV (MLV-X), Palytropic MLY (PMLV} and Modified palytropic
MLV {MPMLV) are shown. in, biue, green and arange clrcles respectively,
XMRVs are: represented by blue open ciscles. MLV-X in‘the cancer cell
lines are indicated, In red, the corresponding branch fabelied with the
celt line name, Bayesian posterior probabilities.> 090 or 1.00 are
indicated on the branches by Gne or two stars respectively. The scale bar
represents the number of nucleotide substitutions' per site.

Additional file 4: Figure $2: likelihood trees sh
recombination between XMRV-and MoMLV in the sequences

derived from PC patiehts VP29 and VP184, Between nucleotide
positions 2400 and 3585 (GenBank Acc. No. AF033811) of the MoMLV-pol -
gene, VP29 and VP184.pol genes are closely refated to MoMLY

(bootstrap support: 10096). (A), while between positions 3586 to 492), the. |
same ‘patients derived sequences fall within the XMRY cluster (bootstrap .
score; 100%) (B). Bootstrap scores above 50% are indicated on the
corresponding branches, The. scale bar represents.the number of

| nucleotide substitutions per site.

Additional file 5: Figuré $3; clade dibility . |
phylogeny of 22Rv1 cell line derived XMRV clones, patient derlved :
XMRV sequences and other murine leukaemia viruses based on the
{a) gag. (b) pol and (¢} env genetic regions only. Xenotropic MLV -

| (MLV-X), polytropic MLV (PMLW), and modified palytroplc MLV. (MPMLV)
were added as controls, Sequences derived fiom’ prostate cancer patients

[ (VP and WO) and chronic fatigue syndrome patlénts (WP) are indicated,
by red and yellow circles respectively. Gene sequences derived from
228v1 clones are indicated by blue squares: The trees are rooted by the
.mid‘point rooting: method, Bayesian posterior probabilities > 0.95,(*) and
0f1,00 (**) are indicated on the corresponding branches. The. branching -

-] .order of the sequences within the XMRV clusters is not statistically

-supported and therefore cannot be determined unambiguously from
these trees. For this teason we have reconstructed a Bayesian_phylogeny
from.the fraginents togéther with the full-length XMRV séquences
(Figure 2). The scale bar represents the number of nuc!eot\de
substitutions per site.

Additional file 6: Table 'S3: Genetic diversity of the cell-llne and

werg calculated as i) the observed number of nucleotide substitutions
“per sites and ) under the General Time Reversibile madil of nucleotide
substitutions, The significance of difference in the mean genetic diversity
between cell line- and patient-derived sequences was tested by
Wilcoxon sum rank test. .
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