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In this contcxt,sCVeral reccnt studies have linked gcrmlinc

mutations in RNasc L to ProStatc canccr susceptibnity〔 lo_

131 Prostate cancer ha3 1 COmplCX e● 010gy innucnced by

androgens,dict,and other CnVironmcntal and gcnctic factors

[14]While SPOradiC PrOState cancer dヽ Plays an age‐ rclatcd

incrcasc in PrcvalCnce,familial PrOStatc canccr kindreds

often disPlay carly・ onsct discasc Such kindrc“ ,dcnned by
having morc than thrcc aFfectcd mcmbcrs Pcrfam口 y,account

ror 43%oF early onsct cas,s(く 55"ars Old)and 9%OF a“

cascs[15〕 Thc genctics of hcreditary PrOStatc canccr(HPC)ヽ

COml'CX,and Several genes have bcc,ProPOSCd as susccPt‐

ibiliり Factors in thi,sソ ndrOme lntcrcstingly,Onc of thesc,

″PC′′ is linkcd to R7VASEL[10,11〕 SCVeral gcrmline

mutations or variants in HPC′ ノRAみ4SEL havc becn obscrved

in HPC[10-13](rcviCWed in[161),inCluding l commOn(35%
alictic frcqucncy)misSCnse Variant of RNase L in which a C tO

A transition at nucleotidc(nt)poSitiOn 1385(01385A)rcsultS

in a glutarninc in,tcad Of argininc at amino add PostiOn 462

(R462(υ  Rcmarkablン ,a largc,controlled sib‐ Palr study
implicated the R462Q RNase L variant in up to 13% oF
unsclectcd Prostate cancer cases lll1 0ne COPッ  。f thC
mutlted genc irlcreased the‖ sk oF Prostate canccr bソ about

60%,Whereが individuals that were homo2y80い fOr thc

mutation had a 2‐ Fold increased risk of PrOStatc cancこ r The

R462Q RNasc L vaiant had● 3‐fold dccrcase in catalytic

ac● vity comParcd With thc wild‐ typc en2ソ me 19,11〕 HoWevcr,

wh‖ e sevcral case― control!cd gcnetic and epidcmiolo8ic

stlldics suPPort thC inVolVcment Of FNASEL(and notably

the R462Qvarianぅ in PrOstate canccr etiology〔 10-13〕 ,othCrs

do not〔 17-191,Suggesting that cither poPulation difFcrenccs

or cnvironmenta!ractors may mod● late the imPaCt Of

RМ4SItt on PrOStatic carcinogenesis

WЪilc the antiaPoptCtic PhcnOtyPc cF RNasc L dencicncy

h■ dOminatcd PreviOus discus● ons of ts Pos● blc hnkagc to

cancc■ RNasc Lお aお oa keン ●″cc,or oFthc ant,viral action of

htcrferons Thヽ Ld us∞ conddcr thc PoSSb‖ ity that hc

PutatiVC linkagc of RNose L altcrations to HPC might rcnect
enhanCCd SuSccp● bility to a viral agcnt To tcst thiS

hypothesis,we havc cxamined RNA derivcd from w‖ d・ tッPe
and RNase L va●ant(R4629 Prostate tumors for cvidcnce of

Oi軋。Sらヽ
"e“

1中コ
“
pahOgい ∝g

V;rus In Pfostate Tumors wirh R462Q 8NA5ft

viral sequenc€s, by hybridization to a DNA microaray
composed of the most conssryed scquences of all known
human, animal, plant, and bactcrial vitus€s [20,21]. Hcre wc

report rhat 40% (eight of 20) of aU tuDors homoz/gow for
the R462Q allclc harbor€d th€ gcnomc of a distinct
gammaretrovirus closely related to xcnotropic murinc
leukcmia viruscs (MuLVs). In contrasi, rctroviral lequcnccs
wcre present in <2% of tumors bcaring at least onc copy of
the wild-type allcle (one of 66). In additioh, virus-harboring
cells wcrc detected within infeckd prostatic tumor tissucs by
fluorcsccnce in ri(u lrybridization (FISH) and immunohilto-
chemistry (lHC). Thcsc 6ndings represen! the firs! dctection
of xcnotropic MulV-litc agcnts in humans, and rcvcal a

strong associalion bctwten infcction with the virus and
dcfccrs in RNa3e L activity, Thc relation of rettoviral
infcction to prostare canc€r will requirc further study, but a

cofactor role is not excluded.

Berult5

Detection of XMRV by Microanay-Based Screening
To search for potential viruses in prcstate cancer tumors,

{e employed a DNA microarray-based strategy designcd to
scrceD for viruses from all known viral families [20,2U. Total
or polyadetrylared RNA extracted from tumor tissue was first
amplifred and fluorescently labcled in a sequence'nonspeci6c
fashion, The amplified and labeled fngments, which con-
tained host as wcll,at potential viral sequenccs, werc thcn
hybridized to a DNA microarray (Virochip, Univcrsity of
California San Prancisco, San Franciscb, United Stat€s)
bearing the most cbnseN€d sequences of -950 fully
sequcnced NCBI refercnce vinl gcnomcs (-11,000 70-mer
oligonucleorid€s).

The Virochip ws scd to screen RNA sampleE isalarcd
from prostate tumoru of l9 individuals (Figure l), A positive
hybridization signal suggestive of a gammarctrovirus was

d€tected in seven of ll tumors from patients homozygous for
th. R462Q nN,{SE variant (QQ). In contBst, no virus w6
detected in thr€e tumors from RQ hetcrozygotcs, and only
one of five tumors from RR individuals was positive.
Clustering of thc microarray oligonucleotide intensities
(Figurc 1) rcvcalcd a similat hybridiation patiern in all
positive cases. Furthermorc, a computational analysis using E-
Prcdict, a rcccntly described algorithm for vinl spccics
idcntifrcation [22], suggest€d that the same or similar
mammalian ganmaretrovirui wat prseDt in all posirivc
tumors (Tablc S1). Thw, thc Virochip dctccted the prasence
of a probable gammarctrovirus in half of thc qq tumor
samples and in only onc non-QQ sample,

Characterization of XMRV Genome
To further charactcrizc the viru, we recovercd its entire

genomc from onc of rhe rumors OP95) (Figurc 2). To obtain
viral clones, we first employcd a dircct microaray rccovcry
lechnique described previously [21]. Bricfly, amplified nucleic
acid from the tumor tissue, which hybridizcd to vital
microarray, oligonucleotidcs, was eluted from two specifrc
spot3. Thc eluted DNA was rc.amplified, and plasmid Iibraries
constructed from this matcrial wcre screencd by colony
hybridization using the spotr'oligonucleotides as probes. The
array oligonuclcotidcs uscd in this case dcrived from the LTR
region of murinc type C retrovrrus (MTCR) and splcen focus-

forming virus (SFFV) [23]. The largest recovcred fragment was

415 nt in length, and had 96% nt idcntity to thc LTR rcgion
of MTCR, a MULV identificd in the genome of a mouc
mycloma ccll line (T. Heinemcycr, unpublishcd dau). Therc
findings cstablishcd that the virus in qucstion war indecd a

gammarctrcvirus, and likely a rclative of MuLVs, To clone
and gcquence thc rest of the viral gcnome from sample VP55,
wc sed tumor CDNA to PcR:amplify overlapping scgmca*
using primcrs dcrivcd from MTCR; gapr werc closed using
primcrs from carlicr recovercd cloncs (Figure 28 and Table
S2). Using a similar strateg, we have also dctermincd thc full
sequencc of thc virus from a sccodd tumor, W42. Finatly, a

complctc viral genomic scquclcc from a third tumor ca!e,

vP62, wa obtaincd by PCR amplificalion of two -4 (b-long
overlapping fngmcntr joinily spanning closc to the cntire
length of rhe viru (Figure 2B), The thrcc sequenc€d genomes

share >98% nt idcntity ovemll and >99% amino acid (aa)

idcnrity for prcdictcd open rcading fnmcs (ORF!), atrd ths
rcPrcscnt lhc samc virus.

Thc full gcnomc of the virus (Figurcs 2 aod Sl) is 8,1E5 na

long and is distinct from all known isolatcs of MuLV. The
genomc is most similar to the gcnomcs of cxogcnous MuLV!,
DG.75 cloned from a human B-lymphobl6toid ccll line [24],
and MTCR, {ith which it shareE 94% and 93% overall nt
sequencc idcntity, respcctiv€ly. Thc gcnomc aho rharcs up to
95yo nt identity with scveral full-lcngth Mu f,wculu
cndog€nous proviruscs (Figure 2C), Phylogenetic trccs con.
structcd using availablc mammalian typc C retroviral
gcnomcr and lcprelenlarire full.lcngrh proviEl requcnccs

:@. PloS Pathogens I ww.Dj6pathogero.org

Virus in Prostate Tumers wlth R462Q RNASEL

froln the mouc genome (Figurq 3 and 52) lhotcd that thc
newly idcntificd viN ii more rimilar to xcnolropic and
poly$opic than to ecotropic genomci. Bacd on thclc
findings wc proposc the provisional namc Xenotropic
MUlV-rclatcd viru (XMRV) for this agcnL

Translation of thc XMRV gcnomic sequencc using ORF
Finder [25] identificd two overlapping ORFs coding for thc
full-lcngth Gag-Pro-Pol and Env polyprctcins. No exogcnou
coding oequences, such I viral oncogcnca, could be dctcctcd
in the XMRV genomc. Thc predictcd Cag polyprorcin i! 536
aa long and i! most similar to a xenotropic froviru on M,
munlu Chromosome 9, with shich it rhbrcr 97fr a idcntity
'(Figurc S2A). Thc Pro-Pol polyprotcin is 1,197 a long and
bu thc highcrt aa idcntity with MuLV DG-75 and a

xcnotropic prcviru on M. nuanlu ihromocomc 4, 9?%
and 96%, rcspcctivdy (Figurc S2B). An ambcr (UAG) stop
codon lcparitcr thc Cag ud Pro-Pol. coding tegucncc,
analogou tq oticr MULV5 ln which a trsledonal read.
through ir requircd to gcncntc thc full-length Gag-Prc-Pol
polyprctcin (rcviewed in [26]).

Similar to otho MuLV! t23,2427-SlJ, thc Env polyprctcin
of XMRV is in a diffcrcnt rcading fnmc comp.rcd with Gag-
Pro-Pol. Thc Env prctcin sequ€trcc i! 645 aa long, and ho thc
highcst amino acid idlntity witlt th. Env protcin of an
infcctious MuLV isolatcd from a human small ccll lungcancer
line NCI-,117 [32] and MuLV Ncw Zcaland Black 9-l
xenotropic rctrovirur (NZB-9-I) t28D; 95% and 94%,
r.spcctively, Thc XMRV Env protcin aho sharo rimilarly
high idcntiry {ith scveral murinc x€nohopic provirucr
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Flgur. t. XMnV D€tsl,on by DNA Mkravayr md BT-PCB

(A)Virochip hybridiation patterni obrained fof tumor samples from l9 patlenlr. The samples {x€xls).nd the 502 retrovifal oligonlcleoldes pffit on
the mlcroarray g-axis) were (lurtered using hierir<hkal clustering. The red color saturadon Indicatei the magnitude of hybridiatlgn Int $lty.
(B) Magnlfied view ofa selectad cluster cohtainlng oligonucleorides with the strcngest positlw iignsl. Samples from patlents wlth QQ rrV4sf,l gcmtpe
are shown in red. and those from RQ ahd RR indlvlduals as well as controls are In blacL
(O Resllts of nelt€d RT-PCR speclfl< for XMRV gdg gene. Amplifled 9d9 PCR fragments along with the conespondlng human 6IPDH amplltlotlon
(ontrols were separated by gel electrophoresis uJing the s?me lane ofder as in the mlcroatray ciulter,
DOI: 1 0.1371/journrl.ppatO020025.9001

March 2006 1 Volume 2 1に sge 3 1 e25 March'2006 I Voluma 2 I lisce 3 | c25



Virus ln Prostate Tumors wlth M62Q nrVASEt

Flgsra 3. Phylogenetic Anal)6i5 of XMR{ Based on Complete Genome
Sequence5

Conpl*e genomei of XMRV vP35. VP42, .nd VP52 ked); MTCR, MULV5

DG-75, AKV, Mgloney, F.lend, and Rauichet fellne leukaml. viru5 (FLV);

koalr retrovkus (K!RW glbbon ape leulemla vlr6 (GAIV); and a set of
represehtetive nonsotropic provirus$ (mERVs) rere aligned usinE
Clustalx (s Materi.lr and tr4dhods), An unrooted nelghborjolnlng tree
wis generated b.sed on thls allgnhent, exclldlng grp! nnd using
Klmura's coretion for multiple basa subditutlont. Boot5trrp values (, =
1000 trl.ls) are Indlcated as per€enbger,s€quen<er are labeled aj
xenotroplc fi), polytroplc (P), rcdified polytropl< (Pm). or {osopl< (E),

DOI I O.l 371/journal.ppat.0020025.g0O3

Virus ln Prostate lumo6 wlth M62Q nNAsft

most divergent legmcnt of thc gcnomc comparcd with othcr
MuLVs (Figurcs 5 and 2C). Unlikc ccotropic .MuLVr; whcrc
trantlation frcm this codon adds an -90 aa N-tcminal lcadcr
pcptidc i! fEmc with thc rclt of thc Cag protcin, thu
gcncrating a glycolylatcd forqr of Gag [54], XMRV hd a ltop
codon 53 aa rsidu?5 downstrcam frcm lhc altcrnetivc ltart
lntcrcstingly, both MuLV DG-75 and MTCR gqg leadcr
scqucncc! arc also intcrrupted by stop codonr, and thcrcforc
are trot expectcd to producc full-lcngth glycccag. Furthcr-
more, a charactcri*ic 24-nt dcletion wa procnt in thir
rcgion of thc XMRV genomc, which is not found in any
known exogcnous MuLV isolatc. Howcver, a shoncr delction
of ninc nt intcrnal to this rcgion it prctent in thc lcquencc!
of scveral non-ccotropic MULV provirisct found in the
sequenced moulc gcnomc (Figurc 5). In. ccll culture,
exprcssion of itrtact glyco-Cag i! not c$cnlial for vird
replication [55,56]. Howevcr, lcsiou in thi! rcglon havc bccn
associated with intcrelting variations in pathog€nctic proper-
ties in vivo [57-61]. For c*amplc, an altcration itr tcn nt
affccting five rcsiducs in thc N-tcrminal pcptidc of glyco-Gag
wa! found to bc r*ponriblc for a 100-fold diffcrcncc in thc
frequcncy of ncuroinvuion obscrycd bctqccn CuFTKP and
CasFrKP4l MuLV strains [62]. In addition, idcrtion of an

octanuclcotidc rcsulting in a ltop €odon dowrotrcam of the
CUC stan codon prcvcnted levcre carly hcmolytic ancmia
and prolongcd latcncy of crythrolcukcmia in mice infected
with Fricnd MuLV [58]. Whilc wc do not yct know thc
pathogcnctic signi6cancc of thc lc!ioru in XMRV glyco-Cag,
thc high degrce of sequcncc div€rgcncc suggqt! that thi!
region may be undcr positivc lclcctivc prcssurc ud thcreforc
may bc relevant to thc cstablishmcnr of infcction within thc
human host.

Associatlon of XMRV tnfection and R462Q RIVASE!

Genotype
To furrhcr cxaminc the usociation bctwccn prcscncc of

the viruc and thc R462Q (1385G->A) JtN.{SEL gcnotypc, wc
dcvclopcd a spccifrc ncltcd RT-PCR assay b*cd.on thc viru(Figure S2C). Conscrved splicc donor (ACCTAAC, position

204) and acccptor (CACTTACAG, position 5,479) sites
involved in thc gencration of a/ subgenomic RNAs [33]
were found in thc samc relativc locations as i4 orher MuLV
genomcs. A multiplc scqucnce alignmcnt of XMRV Env and
corrcsponding protcin scqucnccs of other rcprcsentativc
MuLVs (Figurc 4) showcd that wirhin thrce highly variablc
rcgions (VR), VRA, VRB, and VRC, known to bc ibportant for
ccllular tropism [94-36], XMRV has thc highest aa identity
with xcnotropic snvclopes from MuLVs NZB.9-1, NFS.Th'l
[37], and DG-75. Although unique-ro.XMRV aa are present in
each of the three VRs, bascd on the overall similarity to the
known xenotropic envelopes, wc prcdict thar thc cellular
recepto! for XMRV is XPRI (SYGI), thc rcccntly identificd
rcccptor for xenotropic and polytropic MuLVs [38-40].

The long terminal rcpeat (LTR) ofXMRV is 535 nt long and
hd the highest nt identity with the LTRS from xenotropic
MuLVs NFS-Th-l (9670) aad NZB-9-I (947o). Thc XMRV
LTRS contain known structurai and.rcgulatory elcments
typical of other MULV LTRs [33,411. ln particular, the CCAAT
boi, TATAAAA box, and AATAAA polyadcnylation signal
scquenccs were found in U3 at their expccred locations
(Figurc S3A), U3 also contains a glucocorticoid response
element s€quence AGA ACA GAT GCT CCT. Esscntially

'i($i, tt* Parhogs! | M.plolp.rho9eni.or9 021{

idcntical sequcnces are present in genom€s of orher MuLVs.
Th€sc elements havc been shown to activale LTR.dircclcd
transcriplion and viral replication in vitro in rcsponsc to
various lteroids inclsding androgcns [42-45]. ln addition,
presence of an intact glucocorticoid rcsponse element is

thought to bc thc dcrerminant of higher susccptibility to FIS-

2 MULV infection in male comparcd with female NMRI mice

[46,47]. Despitc thcse similaritics, singlc nt substiturions
unique to XMRV and an inserlion of an AG dinucleotide
immediately downsrream from the TATA box are prcsent in
U3 (Figure SgA). Consistcnt with these findings, a phylogc.
netic analysis based on U3 scquenccs from XMRV and from
rcpresentative xcnotropic MuLV provirus groups [48,49j
show€d that XMRV U3 sequcnccs formed a wcll-scparatcd
clust€r most similar to lhc group containing NFS.Th-l and
NZ8-9-l (Iigure S3B).

The 5' gag leader of XMRV, defined as thc sequencc

extending from the end of U5 ro the ATG start codon of'du€',

consists of a conseryed non-coding region of -200 nt,
containing a prolinc tRNA primer binding sitc o well as

sequcnces required for viral packaging [50,51] and the
initiation of translation [52,53]. The non-coding rcgion is

followcd by a -270.nt rcgion extcnding from the consened
CTG altcrnativc rhrt codon ofgqg. This region rcprcscnts thc

tlgcr. 2. Complete Genomc ot XMRV
(A) Schm.tlc m.p ofth.81E5 nt xMRv genome. LTR regioni (R, U5, U3) .fe indicated with boxes, Predicted open r€Bding frames encoding 6a9, Gag-
Pro.Pol, and Env polypotalns ara l.beled in green. The <orr€rponding Jtan and stop codonJ (AU6, UAG, UGA, UAA) a5 well 6 the alternatlve Gag stan
codoh (CUG) ar. rhown wlth th.lr nt pos'tlon!. Similart ipllce donor {5D) .nd .(<eptor (5A) 3jtes aie shown and conespond to the spll<ed 3,2-Kb Env
subgooml( RNA {wiggl.d line).
(8) Clonlng and s€quencing ofXMRVVP]5 and VP62 geno6es, Clonei obhined by probe rc<overy from hybridizing mi<roarray oligonlckotidds (blue
bar) or by rcR from tumor <DNA (bl.ck bar5) werb Jequenced. Prlmer used to ampliry Indlvldu.l clones (Iable 52) were derived either from the
genome of MTCR (bla(k argwJ) or from overlapping vP35 <lonei (blue .rows).
(C) Genome sequen<e slmilarity plot5 <omparlng XMRV VP35 with XMRV VP42, XMRV VP62, [4uLv 0G75, MTCn, and a set of representatlve non-
ecotropi< provkule! {mERVsl (iea Ma&rials and Methods). The alignments wer€ mid€ uling AVIO lg1l, and plot3 wer! gserated using nVISTA I82l
with the default wlndow slze of 100 nt. y-axis !.ale for each plot represents percent nt idcntiliei from 50% to loo%. Sequences ire labeled.as
xenotropl( (X). polytropic (P), or moditi€d polytroplc (Pm),
DOI; 1 0,1 371/journal.ppnt.0o2@25.9002
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tllur.4, Muhlple.sequenre Alignmefi of Prolrin Sequencs flom XMRV and Related M!LV! Spanning SU Glycoproteln VRA, Vfi8, and VBC, Known to
Odermine Re(eptor Speclficity
gnv protein sequence ftom XMRV (idenri<dl in VP35, vP4Z and VPSZ red); lvlTCR; Mulvs DG-75, NZ8-9-1, NFS-fhl, MCF24Z AKV, Moloncy, Frl€nd, and
R.uichen and polytropl< provlruses MX27 and MX33 P7l weE allgncd uring Clustalx. Scquenc.s rre l.beled.i tenotrcplc fi), pqtytmpk (PL modified
polytropic (Pm), or (ptroplc (E), VRs are boxed. Dots denote r$ldus ldentiol to those fram XMFly',,.nq dcl.t€d rctlduE !pp..r s sprcs.
DO| 1 0.1 371/journal.ppat,002m25.9oo4
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Flgur. t. Multlple-Sequence Alignment of 5' 9d9 Leader Nu(leotid€ Sequen(es fiom XMRV and Related M!LVs

Sequen(e!extendingfrohthealternativeCu6itart(odontotheAUGstan<odon(underllned)of9d9derivedfromXMRVVP35,VP42,a dVP62(blsel;
MTCR. MULVr OG75, and Frlend; ahd a set ol rep€sentatlve non€<otropic proviruses (mERVs) were aligned wlth Clustalx {se Materials and Methods).
Predided amino a€ld translatlon corerponding to the VP35 sequen(e i5 shown above the ollgnD€nt (fed); asteriJk indi(ites a stop. Sequences are
labeled as xenotropi< 00, pglytroplc (P), modified polytropic (Pm), or e(otroplc (E). Dots denote nt identi<al to thore from X[4RV, and deleted nt ippear
as 5BCe5.
DOI: 1 O.l 37140una1.ppat.0020025.9005

Vlrus In prost.t€ lumors wlth R/t62Q RNISgl

gag fr3oment(310 nl) ″●l`腱 Omont(2500 no

Flgur. 6. Comparlson of XMRV S€quencer oerived from Tumor Samples of Different Patl€nts
(A) Phylogenetlc tree based on the 380 nt XMRV 9o9 RT-PCR fEgment from the nine posltlve tunor samples (red) and the corespondlng sequences
from MTC& MuLVs 0G.75, MCFl l33, Ak[ Moloney, Rauscher and Friend; and a 5et of represent tlw non-cotropic provlrurer (mEt{vs). The squencg
were allgned lrin9 Clustalx, and the corresponding tre w6 gserated lsing the nelghbor.ioinlng method (see Mateials and M.thods). B@tstrap
values (, = I 0O0 .trla,s) arc indi@ted aj per.entager seqleDcej *e labeled ar lenotrop;c (X). polytrgpic 1P). modifled polytroplc lPm), or *otropk {0.
(B) Phylogenetlc tree based on a 250&nt pol PcR frEgment ffom the 9 xMRv-positive tumor snples. The tree wis @nsru<ted ar d*rlbed ln (A).

DOI: I 0.1 3714ournal.ppat.0020015.9006

sequence rccovcrcd from onc of the tumor samples 1VP35,
sec abovc). Thc primcrE in this assay (Figure Sl) amplify a

380-nt fragment from the divergent 5' lead€r and the N.
tcrminal end of gug. Thc RT.PCR was positive in eight (407o)

of 20 examined tumors from homozygous (QQ)'individuals.
In addition, one tumor from a homozygous wild-type ER)
patient ws positive among 52 RR and 14 Rq Nmors
examined (Figure I and Table l). Intcrcstingly, this casc was

associatcd with rhe highcst tumor grade among all XMRV-
positivc cscs (fablc S3). PCR spccific for thc mouse GAPDIi
genc war ncgativc in all samplcs (unpublished dara), argliDg
strongly against thc po3sibility that the iuhor samplcs were
contaminatcd with mous€ nucleic acid. Collectively, thcsc
data dcmonstEte a strong dssociation between the homo-
zygou (QQ) R462q nN.{SEf gcnotype and presence of the
virus, in the tumor tisruc (1 < 0.00002 by two-tail Fisher's
exact tcst).

T.blc 1, XMRV Screening by 9o9 Nested RT-PCR

R■ハSFt Cenotype・

Ⅵ7uS in PrOst● te Tumors wth R462Q RIVASFt

XMRV Sequence Diversity in Samples from Different
Patients
. To examine the degree of XMRV sequence diversity in
diffcrcnt patienb, we sequ€nced rhc amplified fngmcnr
from all ninc samplcs, uhich wcre positive by the nested gqg

RT-PCR. The amplifred gag fragmens wcre highly similar
(Figure 6A) with >987o nt and >98% aa identiry ro each
oth€r. In contrdt, thc fragmcnts had <89% nt and,19bVo aa

identity with the most rclated exogenous sequcnce of MuLV
DC-?5, Several corrcsponding endogcnous non-ecotropic
sequences w€rc morc similar to thc XMRV fragmcnr,
including the xcnotropic provirus from M, muruhs Qhro.
mosome 9, which was <98% identical on the nt level.
Nevertheless, all XMRV'derived fragmenc were morc $imilar
to each other than they wcrc to any othcr sequence.

In addition to thc g4g genc, we also examined the same
paticnt samples for segucnce variation in the l,ol gene. We
scquenc€d PCR fngmenls obtaincd with a s€t of primcrs
targeting a 2500-nt stretch in the lo, gene (Figurc Sl), Similar
to the gry fragmcnts, thc amplified pol fragments wcrc highlt
similar (Figurc 68) and had )977o nt and >9770 aa identity
to cach other, ln contnst, thc fragmenb had <94% nt and
195y'e aa idenrity with the most related sequencc, that of
MuLV DG-75. Intcresringly, XMRV-derived Pol scqucnces
wcrc less similar to and approximatcly cquidistant from the
examined reprcsentativc xenotropic and polytropic endoge-
nou scqucnccs.

Close cfustering of the sequenced gq ard Pol fragmcnB
(Figure 6) indicat€s lha! all Dicroaray and RT-PCR positive
cases rcprcsent infection with the samc viru. On thc other
hand, the dcgrce of scqucnce vadation in thc examincd

fragコ,nts iS highcr than that expected from crrors intro‐
duccd during PCR amplincatiOn an, Sequchcing. The

駐T:li憮翼∴!マ誤電
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compared with ihe obscrved ratc of uP to 2%in the♂

`and″:fragments These 6ndingsSuggest that thc obscrvcd XIIRV

sequence vaialon is l rcSult of natural sequcnce divcrsit"

consistent with the virus being independcntiソ aCquired by the

aFFectcd PatientS,and arepe again,t:abOratoゥ coltamina.

tion as a PosSiblC source of XヽRV.

Detection of XMRV in Tum9r‐ Beanng PrOsta‖ c TIssues

Uζ ing FISH

To localizc XMRV within human Pr6static tissucs,lnd tO

measure thc frequency of thc infcctcd ccus,xNIRV nuc!cic

acid was visuabzcd uslng FIsH On formahn‐ nred Pr9State

tissues A SpectrumCreen nuorlscently labclcd ttH probe

cocktail sPanning all viral gencs was Prcparcd using cDNA

derivcd frOm the XMRV isOlatc c10ncd from paticht VP35

(MatC● als and Mcthods)Distinct FISH‐ Posi● vc cells were

obs,wed in tlle tumOrs posi● ve For XMRV by RT‐ PCR(e3,
VP62 and vP88)(Figurc 7)TO idendfy ct1l types associatcd

with thc・ PoSitiVc FISH signal, the samc sections were
SulSCquently Staincd with hcmatoxソ lih and COSin(H&E〉
Most HoH‐ PoSitiVc cclls were stromal● broblasts(Fi"re 8A),

including thosc undergoing cc‖  division (Figorc 8B) In

additiOn,。 ccasionJ infectcd hehatOPOiCtiC Cc1ls wcrcム ls,

IinfF彎:思艦 l盟譜tcTIよ軍l謂蝋雛機
CPithelial celis[64]showCd no xMRV‐ infectcd ccl13 thit also

had tlC epithclium・ ,PcCinc staining・ con6rming thcir non・

CPithelial origin(FIgure 8Cl.Whi:e the XMRV lucleiC acid

was‐ ually prcscnt within nuclei(Vldeo sl),suggesting

integratcd Proviral DNA,some cclls showcd cytOPlasmiC

Siい h・
"昴

J Ⅲ Jospath?"ぃoり    。
“

7

staining adjacent to the nuclcw, luggcltivc of vinl nRNA
and/or prc-integration complexc! in non-dividing cclk
(Figurc 8A).

We also uscd FISH to obtain a minimal stimate of thc
frequeDcy ofXMRv-,nfccted prosstic cellr. For thir purporc
we employcd a tissuc miiroarray containing duplicatc! of 14

diffcrent prcstate canccr tirsue rpecinicru'(fablc 2), FISH
wilh DNA probcs derivcd from XMRV VP95 rhowcd 6vc to
tcn XMRV/TISH-positivc cclls (about 1% of prcstatc celk
obsened) in each of five homozygour RNuc L 462Q (QQ)
coes: VP29, 91, 42, 62, atrd 88. Paticnt sanplc VP79, abo a

QQ ccc, containcd t{o psitivc cclb (0:4% of total cells
examined), All of thc XMRVIFISH-positive cclls obsened
were sLromal cells. JD contrat, threc RR tisluc ldmplc! and
two RQ tissuc-samplcs showed onc or no (<0.15%) FISH-
positive cclls, Two of the qq cdcs, VP35 and VP90, positivc
by gqg RT-PCR, showcd onlt/ one FlSH-poritiw cell cach
(Iable 2). Convenely, onc croe, VP31, was FlsH-positivc, but
gqg-RT.PCR ncgativ.. As Qxpcctcd, Chromosomc l-specific
probes used u a positivc contrpl epecifically labelcd ncarly
every cell from thc cxamincd csc lfP88, whcrcu a KSHV-
spccifrc probc ucd a a ncgativc control did not labcl any
cclls in cections frcn cd€! vP88 andVP5I, but did cfficicntly
label 293T cclk tranrfcctcd wiih KSIW DNA (unpublirhcd
data). Thu!, conliltcnt with thc micrcarray and RT-PCR da|a,
dctection of XMRV by FISH wu osociarcd primarily irith
QQ cocs, In addition, in samplcr whcrc XMRV wil detcctcd,
all positive cclls verc rtromal and did not acQount for morc
than l% of all prostatic cclls. Finally, diffcrcncec in thc
numbe[ of XMRV-positivc ccllr dctcctcd in thc diffcrent
lamples could bc duc to hetcrogeneity in viru copy numbcn
betwccn,diffcrcnt paticnt! and,lor spccific rcgioro of thc
prstarc samplcd.
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Detection of XMRV in Tumor‐ Beanng PrOsta■ c Tissues

using iHc                        ‐

To,dcn● ,celtt CXpres“ ng XMRV protcins,wc assaycd for
thc prcscnce oF Cag protein using a mOnoclonal antibο dy
against(SFⅣ)this an● bodソ is reactive against Cag proteins

frOrn a wide rangc oF difFercnt ccotropic,Poり trOPiC,and
xcnotroPic MuLV`trains 1651 Uslng this anubody,PoSitlVe

signal b/1HC was ob,crved in prosta● c● ssucs of XMRV・

PO“ tive caseS VP62 and VP88,both QQ(Figurc 9)An
cnhanced alkaline phosphatasc rcd dctectiOn mcthod anowcd

Cag detection in thc samc cens wih both nぃ oTcsccnCe(Figurc

9A-9D,に ■)and b● ght nc‖ Figure 9A-9D,midde)mtrO‐
SCOPソ The Cag・ cxPrCS● ng cclls wcrc Observcd in prostatic

strornal cells with a distribution and frcquency similar tO that

detcctcd by FISH(Figurc 9 and unPubhShed data)In
conirast, no Cag‐ PositiVe cclls wcrc Obsewcd in VP51
PrOStatic tissuc,which is oF RR gcnotypc(Figurc 9E)

Discussion

Thc results presentcd hetc identify XMRV infectiOn“

PrOStatc● ssue From aPProximatelソ 40% oF Pa● entS With

PrOStatc canc,r who are hOmozygous for thc R462Q va● ant

(QQ of RN、 cL,as judgcd by both hybidization to the

Oi PLoS P“
hogens l_口 。

`pah。
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Viru,In PrOstate Tumors w「 h R4620 RN45Ft

Virochip microarlay and by RT-PCR wirh XMRv.specific
primcrs, Parallel RT-PCR studies of proslate tumors from
wild{ype (RR) and hetcrozygous EQJ parienc rcvcalcd
evidence of XMRV in only one of 66 samples, clcarly
demonstrating that human XMRV infcction is strongly Iinkcd
to decrcments in RNasc L activity. This rcsult supports the
vicw thar the R462q RNase L variant l.ads ro a subtle defect
in innate (IFN-depcndcnt) anriviral immunity.

As its name indicat€s, XMRV is closely relarcd to
xenotropic murine leukemia viruses (MuLVs), Unlike eco-
tropic MuLVs, such as the canonical Moloney MuLV, which
grow only in rodent cells in culture, xenotropic MuLVs can
grow in non-rodent cells in culturc but not in rodcnt ccll
lines, Xenotropic viruscs havc been isolated from many
inbred as well as wild mouse sttains, Studics of the
distribution of non.ecotropic scquencc! in differcnt mouse
strains show thar the div€rsity of xenotropic proviral
sequcnccs in wild mice is greater than thar fosnd in rh€
inbred labonrory strains [49,66]. This finding lcd ro rhc
conclusion that thcsc endogcnous elcmcnB wcre indcpcnd.
enlly and relativell reccntly acquircd by diffcrcni mousc
species as a rcsult of infection rather than inherirancc [49].
Unlike ecotropic MuLVs, which can only recognizc a r€ceptor
(CAT.l) specific to mouse and rat spccies [67-69], xenotropic

viruses recognizc a protein known as XPRI or SYCI, XPRI is

cxprcsrcd in all higher vcncbrates, including micc, but
pollmorphilms in thc murine genc rcnder it unablc to
mediate xcnorropic MuLV cnrry [38-40]. Thus, xenolropic
MuLVs have a potcntial ro infcct a widc variety of
mammalian species, including humans.

Xcnotropic MuLVs have occasionally been detected in
cultured human cell lines. For cxamplc, MuLV DG.?5 was
cloncd from a human B-lymphoblasloid ccll line [24], and an
infctious xenorropjc MuLV was dctcctcd in a human lmall
ccll lun8 cancer line NCI-417 [32]. Alfiough laboratory
contamination, eilhcr in culture or during passage of ccll
lincs in nude micc, canno! be rulcd out a5 a possible sourcc in
thesc cascs, such contaminalion cannot explain our results.

'i6$ tf.oS Prthogens I ww.plosparhogens.or! 0219

The cvidcnce for this is a follows: (i) XMRV war dctccred ir
primary human-tissucE; (ii) no murinc ,cqucncc! (c,g.,
GAPDH) could bc ddected in our Darcrial! by pC& (iii)
infcction was prcdominantly restrictcd to human ramplel
with rhc qQ RNr4S8tr gcnotypc; (iv) potymorphisru were
found in the XMRV cloncs recovcrcd from diffcFnt paticnt
consistcnt with independcnt acquisition of thc virus by thesc
individuals; and (v) viral nucleic acids and anrigens could bc
dctccred in infecrcd QQ prostatc tissue by FISH and IHC,
rcspectivcly. Takcn together, thc above cvidcn66 31g..t
strongly against labontory contanination rtith yiru or
cloned DNA material 6 the sourcc of XMRV infcction in
thc analyzed samples. To our knowledgc, this rcport
represcns thc 6rsr publishcd cxamplcs ofauthcntic infedon

Figurr 7. Detdion of XMRV Nudeic Acid In Prortati< Tir5ues Usjng FISH

Protbtic tuhor tl35u! sqtion! ftom QQ eses VP62 lA-C) and vP88 lD-F) were analfzed by F|SH u3jng DNA probes (gren) derived from XMRV Vp35
(top rlght cnlargercnts). Nucl€l were counterstalned with DAPI. The !ame se<tions ;ere th;n viiuallrea by H6iE 5taini;9 lleft panals). Scale barj ire lO
Im, Arowr Indlcate F|SH positive cellq and thejr enlarged image5 are shown in the bottoh right panels.
DOt 1 0.1 37 l40urn.l.ppat.O020025.g0o7

Ⅵrus h Prostate Tumors wlth R462Q RIIASFL

Flrur. 8. Char.cterlation of XMFU{nf<ed Prost.tlc Cells by FtSH nnd FIsH/lmnunofluorescence
Uslng . tr$ue mlcro.ray, prostatc iumor risrue Fctions from Qe c!* Vp6Z were rnalyred by FISH (9ren) uslng DNA probes derfu€d ftom XMRVVp35(hn prnels). Nu(lei were <ounterstalned wirh DAPI. The sme F.don3 wera then vi3u.llzed by H&E steintnslmtddlc pah!ls). Adw lndlato F!SH-
posltlve celk, and lheir enlarged FISH and H&g lmages are shown In the top rlght rnd bofrom right panels,-epcalvety. Sole batr are l0 pm.
(A) A stromal fibroblajt
(8) A dlviding strom.l .ell.
(c) A stroml hematopol€tic <el(. The ledion was con(omhantly rtalned lor XMRV by FISH (green) and cytoleratin AEI/AE3 by lmmunofluorsccE.
(red),
bOl: tO.t 3Zt4ou.nat.ppar.OO2oO25.9OO8
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Trbls 2. Frequency of XMRv-lnfected Prostitlc Cells Determined by FlsH

P.tlGnt RrVAStl Grnotypr' Numb.r of Cdlr Count d" NumbGr o{ FlsH-Potltlv. C.llr (%) XMRV Ftstf XMRVgcg RJ-PCn
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of humans with a xenotropic MuLV-lik€ ag€n!. Although our
.ffora to clonc thc litcr of XMRV integraijon into thc host
gcnome havc bcen limited by the small amounr of prostate
tissue availablc for thir pg1p6r., rtr work to clonc such sitcs
is ongoing and will provide an important addirionai piecc of
evidcnce for XMRV infection in humans,

The XMRV sequcncc is not found in human genomic DNA,
and none of thc human endogcnous rctroviruscs, including
the only known gammarctrovirus-like human cndogenous
scqucncq (hERVs E and T) [70], bare anyrigni6can. similarity
to the XMRV gcnomc, This indicates that XMRV must havc
been acquired qxogcnouly by infection in positive cubj€cts.
From what tescnoir and by what route such infcctions were
acquircd i5 unknown. It scems unlikcly that direct coniact
with fcral Dice could cxplaiD tbi obseilcd diltribution of
infcction in our cohort, since there is no reason to bclieve
that rodcnt cxposurc would vary according to RN.{SEI,
gcnotypc. It i! poasiblc that infection is more widcspread
than indicated by thc prcscnt studies, espccially if, as seems

likcly, individual! with thc wild-type RNase L cleai infection
morc promptly than thosc with the QQ genotypc. But if !o, a

cros!-spccics tranlfer model of XMRV inf€ction would
requirc improbably high levels of rodent exposure for a

dcvcloped socicty like our own, Thus, although the viral
sequencc sqggclB that thc ultimatc rcscnoir of XMRV is

probably thc rodcnr, thc proximatc source of thc infcction
sccms unlikely to be micc or ras. Provisionally, we favor the
nolioD lha! thc XMRV iDfections wc havc documentcd were

acquired from other humans, i.e,, that XMRV may have bccn
resident in thc human population for some time, This
speculation will, howcver, rcquire direct epidemiologic
validation. It also remains ro bc dctermined if RNoc L
R462Q homozygotes are more scnsitive ro thc acquisition of
infcction, or are simply lcss likely to clear infection once
acquired- This ir an importanr issue, since if rhc latrcr model
is corect, it would imply ahat in younger huftans, XMRV
prevalencc may be higher than what is obserycd in our
prostatc canc€r cohort (mcan age 58.7 y). Wc are currently.

'@,: tt-* Plthogcns I M.plo5p.thogens.org o22o

developing serologic assays for use in population-based
studies that should shed light on th€se matt€rs.

While presentcd rorL documenrs a clear link of XMRV
infcction to RNase L dcficiency, wc cmphasize lhat the dala
we havc accumulated docs not mandak any etiological link to
pros!ate cancer. Furthermorc, our finding that XMRV
infection is targeted to stromal cclls and not to carcinoma
cells and the fact that thc XMRV genome harbois'no host-
dcrived oncogcnes rulc out two cl6sical modcls for retroviral
oncogencsis: dircct introduction of a dominantly acting
oncotenc and inlcrtional activation of such a gene, How€vcr,
more indircct contributions of the virus to thc tumor can
certainly be cnvisioned. Reccnr work hd shown that stromal
cclls havc an active role in dlrectlt, promoting tumorigenesis
of adjacent epithelial cclls by producing variour cytokines
and growth factors thar scwc as prolifcrative signals [71] or
indircctly by modifying thc tumor microcnvironment by
promotion of angiogcncsis or recruitment of in{lammatory
mediators leading to oxidative strcsr [72]. In particular,
cancer-dsociated frbroblasts stimulatc growth of human
prostatic epithelial cells and alter thcir hisrology in vivo

[73], It is conccivable that XMRv-infcctcd prostatic srromal
cells could produce and s€crctc growth facton, cytokines or
othcr facrorr rhat stimulate ccll prolifcntion or promore
oxidativc stress in surrounding cpithclia. Such a paracrine
mcchanism could still function guitc cfficicntly ev€n with the
relativcly small numbcr of XMRV-infcct€d cells that charac-
terizc'the lcsion,

Finally, wc rotc that thc idetrtificatioD of an cxogcnou
infection such as XMRV could hclp.xplain shy no! all
genetic rtudies have consistcntly idcntificd RNsc L 4 a

prostat€ ca.cer susceptibility factor. Ifsuch an infection wcre
linked, ho{evcr indirectly, to prostate cancer risk, and if the
prevalcnce of infcction i! not uniform in differcnt popula.
tions, populations with low XMRV prcvalcnce might be
cxpcctcd to show no association of RNASEL lcsions to

Prostate cancci
Clearly, rcsolution of thcsc issues will requirc much furth€r

invcstigation. We necd ro dctcrminc thc prcvalence ofXMRV

Flgur. 9. oetstion of XMRV Protein ih Prostatic Tlssus Urlng
ImdurcJtaining
Prciatlc tumor tissue letions from QQ cEes VP62 (A and 8) and VPSB
(C lnd 0), a! well a5 an RR rase VPsl (E) were staln.d, then vlsualized by
immunofluorescence (left) or bright Rrld Iniddlc) uslng a monoclonal
intlbody to SFFV Gag proteln. Nudel ar€ countergtalned wlth
hematoxylln. Enlarged images <ofesFEndlng to the poritlva cellJ are
ihoM on the rlght. Scale bars are 5 Im in (A), (B), and (E) .nd l0 Im In
tc, and lDl.
DOI: 10,1 371/jouhi1.pp.t.0020025.9009

infcction in the general population, undcrstand i6 routes of
transmirsion aod tissue tropism, cxplorc ib aswia!ioro wi!h
pre-maligant ahd other prostatic conditions, and define the
biochcmical i.teractions of thc virus with thc 2-5A/RNde L
systcm, The availability of molccular clones, infectious virus
stocks, and susceptible cell culturc systems should greatly

i@: tfos Pathogenr I M.plospathogens.org o22r
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cnhanc,our ability to Probe thcoc and othcr qocstions in the

near Future.
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Sqcttroundr We previously identified a novel ercgenous gammaretrovlrus (xenotppic murlne leukemia
virus-related Sammaretrovirus{XMnV)) usinga pan-viral micro..ray. XMRVi5 the firstMlv-rclatedvirus
tound in human infection. Forty pcrc.nt (8/20) of famili.l prostate canccr p.tients homoz),gous for a

mut tioninRN.seL(R462q)wercpositivcforXMRV.whilcthevirusw.srarcly(l/56)detectedinfamilial
prostate cancer patients heterozJEous for R462Qor carrying the wild typc allelc.
Objectivesj To detcrmine the Drrsrnce ofXMSJ in non-familial pD$atc c.ncer samples.
Study design: RNA from prostate tis5u€ was an.lyzed for XMRV usingnested RT-PCR In.ll samples, RNase
L (R462O genotyplng was perfomcd using an allele-specific PCR
R6ulfs: XMRv-specific sequenccs werc detectcd In on. of 

.|05 
tissue samples frqm non-familial prostate

canc€r patients atrd from one of 70 tissue emplcs frcm ms without prostrtc rancer. Thc t{o y\MRV.

positive patients wcrc wild typc or heterozJ€ous for thr R462Q mut tion and thus caried rt lcst one
fully functional RNasc L allele.
Conclurio6j XMRVwas rarely detected in non-famllial prostate cancer$Dples from Northcrn Europe.n
patients. The homozygous mut.tion R462Q(qO wa5 signinc.ntly undc(ep.escntld (<64) in this cohort
when comp'red to other studies ( 1 1 - l7x) 
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1- lntroduction

Prcstate cancer is the most frequent cancer of men in North
America and Europe. well krown factors contributing to the
risk of prostate canccr arc age, androgens, environmental and
genetic factoF.l Sporadic (non'familial) prostate cancer is the
most common form of prcstate cancer (80-909) and its inci-
dance incrcrses with age. Femilial prostate cancer, which accounts
for lO-202 of all prcState canccr cases, occun much earlier in
life and is defined as prostate cancer occuffing in individuals
with three or morc first degree relatives who had prostate can-
cef,

Recent work empbasizes thet prostate cancer is frequently
associated with chronic prostatic inflammation. A lesion called
prclifentive inflammat6y atrophy is often found in the premalig-

Abb@iationt: PCR polymerisa ch.in rcaction; PCA, grcstate qncer; SNP. sin-
gla nucleotida polyhorphirm; XMRV. x.notrcpic mu.inc lcukemia virus-related
virusi PSA, prost:ta sp.cifrcrntigen; PlA, polif.r.tiv. inllamrutory.trcphyi HPC,

hcradihry proshre on@i
' CgRsgonding.uthoi T€1.: +49 42$3 8184; f.r: {g 42803 3250

E-moil oddrAsi nfi$h€roulc.dc (l{ Fisch.rl

't386-6532/t- re. front @s.rO20(ts Elrdier B.V.All rights reseiled.
doiil0,l0l6Djd.20OE.e.0lE

nant stages ofthe disease.r viral infections may be trigg€tr for the
inRammatory prccess. However, epidemiological studies deiigned
to detect links between specificviral infections and prosQte cancer
have been inconclusive.2-e

Recently, a new gammaretrovirus, xenotropic murine leukemia
virus-related gammaretrovirus (XMRV), was dlscovered in pro-
static tissse ftom patients with familial prostate canceliro
specifically in patients homozygous for a missense mutation itr
the RNase L gene, R462q Huorescence in situ hybridization
revealed that prostatic stroma cells were infected at low frequency
(0.s-1.2%).

RNase L an endoribonuclease of the antivlrel defense
p:thway, was one of the first prostate cancer suJceptibiF
ity genes recognized. The missense mutation R462Q has been
linked to hereditary prostate cancer 11-t3 and has been impli-
cated in up to 13X of all prostate cancer cases in some
studies.rl Not all studies have confirmed this finding, perhaps
because of differences in populadon genetics or etrvircnmental
factors.l4-16

In the present study, we analyzed 105 RNA samples from the
prostate tissue of 87 sporadic prcstate cancer patients and also
biopsy samples from 70 healthy men without prostate cancer for
the presence ofXMRV.
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Q            R

(3)57(groupA):Genoけ pe QR
CCAAAATGTCCTGTCATC｀
CCGAAATGTCCTGTCATCv

6{group B):Genotype RR
CCGAAATGTCCTGTCATC
CCCAAATGTCCTGTCATC

RNarc L mRNA rbundrncc

FtSl 3, RNsc L nRNA dpRrslon in prcitet! tissua r.drples. RMs! L mRNA axprcs-
slon was mcasuEd br quentitatiE rcal dm PCR s drsaibed in Sedon 2. St ndad
d€viatlons tod thrc? Ind.pand.nt cxlErlmcnts (6ur Epllors .&h) aE shom
PEfrre cmerell lin.s DUl45.nd INC:P(rhom.s bl*k tEE) rcE u$d.5con-
tbb. nNrsr L hRM l.wls fmm he.lthycontFl prtl.ng(6roup B).r. shdn In ilght
gry nmplar trcm ItA p.ti.nts (Group A) are shM al whit. b.R. T lndicaias RM
fFm tumot Fglo[ N rbnds for RM froh noml tlssu?. Th. M XMtU-pGltlE
64 arc andic:tcd a5 sFcklcd brF. The RNr* L gEnotyp€ ofrll s.mplcs ir 5h@n
iI br4kcts,

T.bh 3
RN$c Lgrnotyping ofSNP R462Q

4. Dlsssslon

XMRV, a novel gammaretrovlrus, was rcccntly identified in
familial prGtate cancer samples using a pan-viral mlcrcarray.lo
Our eerlier studies suggested that functional mutationi in RNase L
might be important forthe acquisidon ofXMRV, Almost all XMRV-
positive prostate cancer cases described so far carry a mutation
within RNase L (R462Q), resulting In reduced RNas€ Lactivlty,lo

However, thc currcnt study found only a low prevalence of
XMRV in non-famillal prostate $ssue of men In Norlhdn.Europe.

RNase I- an endoribonuclese ofthe andviral defense pathway,
was one of the 6rst susceptlbility genes discowted in prostate
cancer The HPCI (hereditery prcstate amcei) locus was linked
to prostatc cancer in sevenl genetic linkagE studies performcd
in Nor h Amedca and Finland.ll'12:03 This inding was no! bc
connmed In a large case control study recently conducd in
Cemany,r6 RNase L ls implicated in the interfcron-medlated anti-
viral defcnce pathw:y and has been shown to play a rcle ln several
models of vinlinfection including influenzaA, WestNllcvtrus and
herpes simpls( viru s.21 2221'26

ln our previous study, XMRV was detectcd ln famllial prostate
cancer patients homozlrtous for thc R462Q yarlant (QQ) of RNate
Lro Overall, 40X.(8120) of patients hombzlryous for the SNp
R462Q(qQ) has XMRV Infecrion, whereas only 1.51 (1/66) padents
hetemzygous (Q!.) or carrying the wild type allele (RR) were
XMRv-positive. Subsquent in vitro experlrDcn6 demonstrating
thatXMR\y' replication lncreases wlth reduced RNase Lactivity fur-
ther comborated our prcvious rcsults.2?

So hr, th€re are no epidemiologlcal data rcgardlng the prwa-
lence of XMRVin pmstate tissue,independenlofthe RNas€ Lstatus.
The prevalenc€ of XMRV in our cohoft wrs lou/ (l.l4t). 'Ihc two
XMRV-posidw patients w€rc heterozygous (HR).or.wild type (RR)
genorype and showed no deficiency in RNase L cxpresslon, These
results are in accord with our previous obsewation that XMRV
sequences are gredominantly fgund In prcstrte cancer patlents
with a deficiencyin RNase Land only rarely found in irrcstate cancer
patients with at least one fully funcdonal RNase Lalfte,

Genotyping for the sNP R462Q ln thc C-tlrminal domain of
RNase L revealcd that homozygoslty of M62e(ee) is a relativety
rare ev€nt (<6!). Th.se rcsults arc in conbast to pr€viou studies
tbat have reported homozygous R462e(@) mutadons In ll-t7x
of cases, indcpendent of the genedc backgound of thc population,
At present we do nothavean uplanadon for thls obser€tlon,slnce
all ofourpadents are ofCaucasian bac(grcundand livcin Northem
Europe.

Wc werc not able to took for SNP R462qln the germline cells of
our cohort, as such mat€dal was not availablc, Ho$!wr, i Fccnt
study comparing gErmlinc with somatic mutrtions of RNxe i
obsewed a slmilar distributlon of homozygous, heterozygous or
wlld type allele frequency in borh tissue types.4

ln conclusion, our results suggest that XMniV k not associated
with sporadic prostate cancer itr Northern Eurcpe, The availability
of an XMRV antibody-screening test should gllatly enhance epi-
demiological studles of the prevalencc ofXMny' ln larger cohorts
of prcstate cancer patients as well asln the general population,
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3.3. RNoie I expression

RelativeRNaseLmRNAexpression levels wereassayedin XMRV-
positive sampler using quantitative real time RT-PCR. LNCap cells,
which have an inactivating deletion mutation in one ellele of
RNASE!.20 These cells had a zo-fold reduction in RNase L expres-
sion levels compared to DUl45 cells (Fig.3). In contrast, the two
XMRv-positive samples (6 and 57) did not have reduced RNase
L expression when compared to DUl45 cells. Randomly selected
samples from our cohort representing Croup A and croup B did
not show major differences in RNase L spression. However, we
obseryed a 5o-fold difference in RNase L mRJ.,lA exDression when
comparing RNA frcm tumor cells (T) with normal tissue (N) from

patient llz Two other samples, 118 and l t9, did not show major
differences in RNase L expression between tumor cells and nomal
cells.

T.bl.2
XMRV detection u5ing n.stcd g.g RT-PCn

PCA (Croup A) Cont、1(Cmup 3)

XMRV ttl● )

Medan age(yr,)

コ
，

聖

く
３
嬌
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F1& I' XMRV g.g saqurnc?s derived fDm s por.dic rnd fa mil ial prosbt? c. ncer semples. Phylogenctlc tr.e @mparint a 390-nt Ff-pCR gag fraSmen I . mplified fiom sporedic
tumr9mplc! (57 in CrouPAand 6 in GDUP B)wth eently published XMwsequen.es fmm f.milial pprt.iec.nc.r psd.nts.loThesequencc mc aligned uringOuitalX
andthc tE was 8!n.Eted uslngtha neighboFjoiningmthod, Sequences ara l:b.hd:5 xenotropic(x), polytropic(p), mdi6cd potytropic(pm). or ecoiropic(E).-

Studygrcup Numberscre.ned RNASEL(SNP,162) samPl€ rYPe conflict oflnterest
RQ Qo

KA(CroupA)
Control(CDu1 3)

lissu! D}lA
Tlss. DNA

17105

DM from pro56@ tls3ua frcm pad.nti with prcrt.G oncq (pCA) was a8lyr.d
foa th! preslncagfa shgb nucl.otidr pollmorphism (SNp).t amino.aid posidon
462 withln thc RN.3! [ grn€. R& Rq Qq wild typ., heErcz!€os .nd homo.ygous
geno0?e. Especflvely.
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Total RNA hol.tcd from prcshre tissue from pati.nB with prostarc oncer (pCA)
was:n.lyzed for(h€ pr.sence ofXIURV sequ.nccs usingan RT-nest€d pm. cApDH
us .hpliflcd is p.r.ll.l s .n inlcrBl cosrFl.
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Abstract
Brckgroundr A novel gammaretrovlrus named xenotopk mwine leukmio virus*lotcd vlrus

CXMRV) has been recently identifled and found to have a prevalence of 40% in prosato tumor
samples from American pati€nts carrling a homozygous R462Q mutatlonin the RNascL gene. Thls
muation impaiF th€ function of the Innate antivinl t),pe I intcrferon pathway and is a known
susceptibility factor for pfostate ancer. Here, we attempt to measure thc prwalcnce ofXMRV In
prostate cancer cases in Germany and detemine whether an amlogous a$ocladon with the
R462Q polymorphism etsa..

Re3ults: 58t prosutt€ tumor smples were genotyped by real-time PCR with regard to the
RNaseL mutation. DNA and RNA samples from these patlents werc screened for tlu prcsencc bf
XMRVspectfic gog seguencs uslng a hlghly sensitjve nesed PCR and RT-PCR approach,
Furthermore, 146 sen sample from prosate tumor patlents werc tested for XMRV Gag and Env
antibodi$ using a newly dcveloped ELISA usay. In agreementwith erlier data 12,9% f/6 samplc)
were shown to be of tha QQ genotype. However, XMRV specillc seluences were detected at
nelther the DNA nor thq RNA level. Consistent with thls resulq none of thc sen anrly:ed from
prostat€ cancer paticnts conalned XMRV-specific antibodles.

Conclusion: Our r$ults indicat! a much lowcr prevalcnce (or evgn complete absencc) ofXMRV
in prostate tumor paticntr in Germany. Onc posslble reason for this could be a geognphically
restricted incidence of XMRV Infections.

…virus‐ related

Background
Prostate cancer (PCa) is cunendy the most commonly
diagnosed canca in European males and causes approxi-

mately 80,000 deaths per year [f]. Modern merhods of
diagnosis and ortensive prognms for early detecdoi have
increased lhe drmces for succesfirl tr€agneni in recent
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years, but there is still only limited knowledge concerning
susceptibility and putative risk factors for PCa. In addition
to age, the risk factors for developing PCa are thought to
be diet, alcohol consumption, exposure to ultraviolet
radiation [2], and genetic faaors [3]. One ofthe first stud.
ies to investigal€ the hereditary factos associated with a
predisposition for developing prostate cancer identified
the HPC1 locus (hereditary prostate cancer lorust ) [ ],
which is now known to harbor the RNaseL gene. RNaseL
codes for a endoribonuclease involved in the IFN-regu.
lated antiviral defense pathway (reviewed by l5l). The sig,
nificance of RNroeL gene polymorphisms for rhe
development ofprostate cancer is still under scrutiny, The
R462Q (rs486907) polymorphism for example is impli-
cated in up to I 3% of all US prostate cancer cases [6] and
*rree other variants conuibute to familial prostate cancer
risk in the fapanese population [7], whereas no significanr
association with disease risk could be found in rhe Ger-
man population [8].

Recendy, an analysis forviral sequences in prostate cancer
stroma tissues using custom-made microarrays resulted in
the discovery of a new gammaretrovirus named, motropk
murine buhcmiavins-relatcd nru (XMRV), [9,10]. XMRV
was present in eight of twenty (40olo) cases in patients
with familial prostate cancer thatwere homozygous at the
R462Q locus for the QQ allel. On the other hand, the
virus could be deected in only 1.50lo of carriers of the RQ
or RR allels. In subsequent studies involving smaller
cohons of European prostate cancer padents, the preva-
lence and correlation ofthe QQ-phenotype with the pres- .

ence of XMRV were either far less significant | 1 1 | or the
virus could not be detected ar all [121. Very recently XMRV
was recogqized by immunohistochemistry in 23% of
prostate cancers from US American donors, independent
ofthe R462Q polyniorphism [13].

This present study describes the development and use of
sensitive PCR and KI-PCR assays to tes! DNA and RNA
from 589 PCa tumor sampls obrained from the Charit€
hospital in Berlin (Gemany) for the presence of proviral
XMRV DNA and coresponding viral transcripts. ln addi-
tion, we used an ELISA based on recombinant XMRV pro-
teins to screen 146 PCa patient sera forviral Env- and Gag,
spaific antibodies. Neither in the 76 specimens
homozygous for the QQ allele, nor in any of the other
smples could XMRV or a related gammareuovirus be
detected. Furthemore, none of the sera contained anti-
bodies specific for the XMRV Env or Gag proteins.

Methods
Pat|€ntt
Tissue samples were collected from 589 patients undergo-
ing radical prostatectomy for histologically proven pri-
mary prostate cancer at the Depanment of Urology,

http:/ rww.Etrovirology.com/contenv6/,1 /92

Charit€ - Univercitdtsmedizin Eerlin, between 2OOO and
2006. lnstitudonal rwiew board approval for this study
was obtained and all patients gave their informed consent
prior to surgery. Tissue samplc were obtained immedi.
ately after surgery snap.frozen in liquid niuogen and
stored at .80'C. Histopatlologic classification ofthe sam.
ples was based on the World Health Organization and
1997 TNM classification guidelines (lntemational Union
Against Cancer, 1997). The patient's median age was 63
years (range 43 - 80). The serum PSA levels were measured
prior to surgery and ranged from 0.1 to 100 n6/ml
(median 7.5 ng/nl). 405 of 589 patients (690lo) had
organ.confined disease (pT2) while the remaining 3lolo
had non organ-confined disease (pT3 and pT4). Using the
Gleason-score (GS) system, the sample population was
divided into low.gnde tumon (GS 2"6, n - 282), inrerme-
diate case (GS 7, n = tZ5), and high.grade prostate carci-
nomas (CS 8-10, n - 68).

Nuclclc ocld lsolotlon
Frozen tissues were mechanically sliced and imrnediately
lysed in DNA- or RNAJysis buffer, column-purified, and
eluted (50-200 pl) according to rhe manufacturss
instructions (QIAamp DNA Mini Kit, RNeasy Mini Kir"
QIAGEN GmbH, Hilden, Germany). The ODruo7rro ratio
and nucleic acid concentrations were determined usine
the Nanodrop-1000 instrumenr (Peqlab Biotechnologii
GmbH, Erlangen, Gemany). In addition, RNA samples
were checked for integrity using a Bioanalzyer-2100 (Agi-
lent Technologies, Inc., Santa Clara CA, United States).
No additional maco-/mico-dissections were performed
on the prostate dssues because viral nucleic acids were
expected to be present preferentially in the stromal com-
panmen$.

Dlagnoaic PCR
A nested PCR was dweloped for the detection of XMRV
sequences thal amplifies regions upstream ofthe gag stan
codon, harboring the unique 24 nt delerion [101. First, we
constructed by fusion-PcR a syntletlc gene reprsenting
the region from nudeotide I ro 8OO of the MLV DG-75
(Genbank acc. number 4F2.t065). This fragment was
cloned into the pCR4-TOPO vector (lnviuogen, Karl-
sruhe, Cemany), and the identity of the fragrnent was
confimed by sequencing. The same procedure was used
to done a conesponding 800 nt fragment for use as a pos.
itiv€ control of rhe XMRV genome (Genbank acc. num.
8F18s282). Conditions of first round PCR for the detec.
tion of pro)'iral sequences were: 100 ng patient DNA,
primer Out-For 5'-CCGTGTTCCCAATAMGCCT-3', Out-
Rw 5 -TGAC,ATCC{CAGACTCGTTG-3', (30 sec @ 94"C,
30 sec @ 60'C,30 sec @ 72'C) ' 20 cycl6. Using 1/106
of the fint reacdon and primer In-For S'-GCAGCCCT-
CCGAGACCTG3' and In-Rev 5'-CGGCGCCGTITCG-
GCG-3'the second round PCR is able to detect mvXMRV-
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like sequences, e.g. MLV DG-75: ln addition, using a
primer spanning the XMRV-specilic deletion 5'-
CCCCAACMAGCCACTCCAAAA.3'we were able ro dis
tinguish between XMRV and DG75 sequences. Second
round PCR reaction was performed at an elevated anneal-
ing temperature of 64'C for 3 5 cydes.

A nested-PCR stategy was used to detea XMRV-specific
viral RNA8 in the total RNA of prostate tissue sample in
which rhe first round RT.PCR was performed as described
above sing h-For and In-Rey followed by a quantitative
real.time PCR published by Donger al., 2007 [i, l4]. As an
intemal control, a human GAPDH spicific primer and
probe set were included in which the primers for the outer
RT-PCR were tie same as for the inner PCR: foruard 5 -
CGCGATGCTGCCGCTGAGTAG3' serse S'-TCGTG
CACACCCATGACCA-3' and the probe 5 -YAK-TICAC.
.CACCATGGAGAAGGCTCGG.Edipse Dark quenc}er-3'
[1s ].

RNoscL g€notyPrng
A real-drie PCR s€tup designed by Olfen LandqrIIB MOL
BIOL, Berlin was used for RNaseL genotyping of tumor
samples which detecls rhe single nucleotide polymor-
phism G1385A (rs486907) responsible for the R462Q
mutation. PCR was caried out with R462Q_F CCTAT-
TMGATCTITTCTGGTIGCAG, R462Q-A GGAACATGT.
GGAAAATGAGGAAG and the probes R462Q_(A) YAK-
ATTTGCCCAAAArcTCCTGTCATGBBQ and Ra62Q_(c)
FAM.ATITGCCCGAMIGTCCTGICATGBBQ following
a two-step protocol with 95.C for 20 sec md 60.C for I
min. Positive controls were constructed by fusion PCR"
staning with 40 mer oligonucleotides, ofthe two 292 bp
fragments corresponding to the "R'- and "Q' versions of
$e RNAseL genomic region and doning these into the
pCR4-TOPO vector (lnvitrogen). For each PC& positive
control plasmids containing the R- or Q-sequence were
induded.

Rscombladnt Protclns, lmmunlzqtlon
Recombinant protein! of XMRV pr65 (Gag) and gpTO
(Env/SU) were generated for immunization and for the
ELISA assays. For XMRV Env/SU, a fragmenr containing
the amino acids l-245 of the surface unit (gp7o) h?s
amplified, cloned in pETl6b vector (Novagm, Gibbs-
lown, USA) and *pressed in Bl21 E. coli. For XMRV Gag
(pr65), two fragments (amino acids 1.272 and 259-535)
that overlap by 14 amino acids were constructed. The
eeressed proteim were aftinity purified using a Ni-NIA
column and eluted in 8 M urea, and proteins for immuni-
zation were subsequently dialyzed against phosphate
buffered saline. BALB/c mice were immunized with tlre
recombinant fragrrents of the Envelope or Gag proteins,
and sera were collected throughout the period of four

' htp://ww,retovirology.com/conbnU6/1192

immunizatjons. All animal enperimentr were performed
in accordance with institutional and state guidelines.

EL'SA
TWo weeks after the last immunization the mice were
bled, ud serum antibodies were memred by solid phase
enzymeJinked iminunsorbent assay (ELISA): Briefly,
bacterially epressed md purified (via Hls-tag) protein
fngments wse coated ovemight on Probind-96.well
plates (Be(ton Dickinson Labware Europe, h Pont de
Clai:l France) at room temperature in equimolar
amounts. The plates were blocked with 2% Mawel milk
powds in phosphate buffred saline (PBS) for 2 h at
37"C, washed thr€e times wi& PBS, 0.050/6 Tt{een 20 and
serial diluted mouse seni or patient ien at a 1:2OO dilu-
tion in PBS with 2olo milk powder and 0.05% TWeen2O
added into each well. Afterincubation for I hour at 37.C,
each well wro again washed three times and a 1: 1OOO dilu-
tion of a goat anti-mouse I8G-HRP con ugate (Sigma
Aldrich, Munich, Gemany) in PBS, 2% milk powder,
0.050/o TWeen' 20 (Serva Heiddberg Germany) was
added. After further inobation for I hour at 37.C each
well wro again washed three times. The chromogen ortho-
phenylendiamin (OPD) in 0.05 M phosphare-citrate
buffa, pH 5.0 containing 4 pl of t 30o/o colution of rhe
hydrogen peroxide substnt€.per l0 ml was then added:
Afts 5-10 minutes the color developmot was stopped by
addltion ofsulphuric acid and the absorbance at 492 nm/
620 nm was measured in a micoplate reader.

Patient sera were tested for )OvlRV-Gag or .Env binding
andbodies in the same way, using a goat anti-human IgC-
HRP coniugate as secondary antibody (Stgrna Aldridr,
Munlch, Germany). Out of the 146 sera sarnples only
flom 30 patients the concponding nudeic acids were
induded in the 589 DN/y'RNA samples.

lnmunofluorctccaca mlcrct opl
Cells were grown on gelatine (0.370 coldwater flsh gela-
tine in distilled water) coated glas slidc in l2-well plates
and 24 h after seedingwere transfected using Polyfect Rea-
gent (QiaSen) with the full length moleolar done
pCDNA3.1-VP62 or with the pTH-XMRV-coEnv or pTH-
)(MRV-coGAG plasmids containing codon optimized syn-
thetic full-length genes ofthe XMRV gny orgagunder con-
trol of the CMV prorioter. 48 h aft€r tansfection the cells
were fixed with 20lo fomaldehyde (Sigrna) in pBS, Cells
were rimed briefly in PBS, permeabilized rl'irh 0.5% Tri-
ton X-100 in PBS for 15 min and washed 3 times wirh
PBS. After 30 min inobation with blocking buffer (2026

Maruel nilk powder in PBS) cells were incrbated for 60
min at 37'C witlr the mouse or human antisera diluted
1:200 in blocking buffer. The slides were washed exten-
sively with PB,S. The secondary antibodies conjugated to
fluorophores were added for 30 min. After thorough
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washing steps with PBS, the cells were mounted in
Mowiol and tlre gl6s slides were placed upside-down on
microscopy slides. Images were obtained on a Zeiss
(tSM5 I 0) confocal Iaser-scanning microscope.

Electon Mlcrctcopy
Transfected cells were fixed with 2.5 o/o glutaraldehyde in
0.05 M Hepes (pH 7.2) for I h at room temperature. Fix-
atives were prepared immediately before ure. The samples
were embedded in epory resin (Epon) after dehydration
in a series of ethanol solutions (3oo/o, 50o/o, 7Oo/o, 95o/o,
and 100%) and infiltrated with the resin using mixtures of
propylene uide and resin followed by pure resin. Polym-
erization was carried out at 60'C for 48 h. Ultrathin sec-

tions (60-80 nm) were ot with an uhramicotome
(Ultlacut S or UCT; leica, Germany] and picked up on
slot grids covered with a piolofom supponing film. To
add contnsL sections were stained with uranyl acetate
(2% in distilled water) and lead citrate (0.1olo in distilled
water). Sectioirs were qamined with a FEI Tecnai G2
transmission electron microscope.

Resutts
D.tarmlnotton ofthc RNoscl gcnotypa otprcttata cancer
tomPtGt
The highly significnt correlation baween XMRV.positive
prostate cancers and homozygosity for the QQ allel ofthe
RNaseL SNP R462Q previously published l9,l0l
prompted us to anallze the genotypo ofall 589 PCa sam-
ples included in our study. The DNA was qtncted from
prostate biopsies consisting oftumour cells and surround-
ing stromal tissue. Using a real-time PCR method that
allows the underlying Gl385A mutation at the DNA level
to be detected, 76 specimss (12.9 o/o) were found to be
homozygous for the QQ genoqpe. The RQ and RR geno-
tt?es were prsent at frequmcies of 52.50 and 34.60/o

qa (tuD RR (M) aR

Figure I
Andyrb of nmple DNA wlth allele specific real tlme
PCR for the R462Q Senotype. 76 of 589 samples ( | 2,9%)
are homozygous for thc QQ allele, 204 samples (34.6%) are
homozygous for the RR allele and 309 (52.5%) are hetero-
zySous,
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respectively (Fig. l). A.ll smples were screened in dupli
cate and gave consistent results.

ScfcGnlng tor prcvlrct XMRV tequences by ncrtcd PCRr
'We developed a nested PCR able to detecr and discrimi-
nate between XMRV and proviral sequences closely
related to the endogenous murine gammaretrovirus DG-
75 [16]. This discrimination is based on rhe XMRV-spe-
cific 24 nt deletion within a consewed retrovinl region
(Fig. 2A). To facilitate the development ofthe nested PCR
and to evaluate it! s€nsitivity, we constructed ile now the
conesponding XMRV genomic region (nt f-800 of fie
XMRV VP62 sequence) via fusion-PCR of oligonucle-
otide and cloned this fragment into lhe pCR4-TOPO vec-
tor to gendate the pXMRV plasmid. In addition, rhe
corespondjng sequence of the DG-75 provirus was
assembled and cloned in the same way to yield the pDG-
75 vectot.

Chromosomal DNA from a healthy human was spiked
with serial l:10 dilutions of pXMRV and used to assess the
sensitivity of the nested PCP6. Following rhe first round
that used the outer primero ovo pamllel second rounds
with the primer pair In.For/ln-R* and In-For/Deletion-
Rw were performed.

Both primer pain allowed the specific detecrion of 10 or
more copic of their targets. Use of the primss ln-For/ln-
Rev with the PXMRV template resulted in a 174 nt PCR
product, and a 198 ntproductws producedwith pDG-75
as template (Fit. 2B). Mouse tail DNA was also induded
as a positive control to ampliff a 198 nt sequence from
murine endogenous DG-75like proviruss. As scpected,
no PCR signdl was generated if the In-For/Deletion-Rw
primer pair was used with pDG-75 or mouse tail DNA as
template (Fig. 2C, lower panel, lane l7 and lane 21).

All 589 DNAS isolated ftom prostare biopsies were
sceened using the nested PCR setup and primercombina.
tions described. The succesful RNAseL genotyping of all
589 samples confimed DNA inkgrity and the absence of
PCR inhibiton in the samples. Specific fragments indicat-
ing the presence ofXMRV (Fig. 2C upper panel) or a DG-
75 related gammareEovirus were obtained from none of
&e samples (Fig. 2C lower panel),

EJomlnatten of totol RNA fer th. pqcnca of XMRV
tronEcrrytt
To assess correspondini RNA samples, a companble
approach was used in which a fint round KI-PCR for
CDNA synthsis with primers amplifying XMRV and DG-
7S-like sequences was followed by quantitative rdal-time
PCR for the specific detecdon ofXMRV (Fig. 3A). Prelim-
inary ogeriments perfomed with XMRV RNA (kindly
provided by R. Silveman) indicated the ability to detect
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A

B

Figure 2
NJsted PCR for sensitivc :creenlng of patlcnt tumor gsrue DNA (A) A hested PCR primcr setup w usod as Indi-
ated for the screening of 589 PCr patient DNA lsolated from prosate rumor and stromatlssuc. Primer shs rrc numbarcd
according to the XMRV VP62 sequcnce (Genbank E8185282). (B) The reproducible detection limit w.s | 0 coplcr of plumid
DNA-ln human genomic DNA rcsuhing in a l7,l bp PCR product for XMRV. In thc e:<perlment shown even I copy could be
amplified. Mouse tail DNA (MT) m used u poslttue control ylelding a | 98 bp product amplifled fronr 3ndogenour genomlc
MLV sequences. (C) Nested-PCR screen oflhe firot l6 QQ paticnts (lane l-16) with thc In-For and Deletlon-Rw primer palr
(uPPer Panel) and In-For and In-Rev primer setup (lower panrl); lane l7 = mousc all DNA lanc l8 = vrater control out€r PCR
mi>t. lane l9 = water control inner PCR mix, lane l9 = pfMR{ lane 2l = pOG75, mark€r = 100 bp mdk€r,

as few as 10 transcripts (e.9. Fi8. 3B), and the reproducible
sensitivity to detect 100 transcdpts. A human GAPDH
primer and probe set was used in iadt sample as m inter-
nal control for the integrity ofthe RNA. Whereas all 589
samples generated a positive GAPDH signal with Cr-val-
ues between 16 and 20, no signals with the XMRV specific
probe were obtained (Fig.3C).

XMRV ontibody derectton
Productive infection of humans by a murine gammare$o.
virus related virus should induce an antibody.response.
Fragments of the cloned XMRV VP62 invelope (gp70)
and the gag (pr65) protein were expressed in E coli to pro.
vide a basis.for an ELISA to detectXMRv-specific antibod-

ies in the sera of prostat€ cancrir patienis, One fragnent
spanning the region from amino acids I to 245 of Env and
two werlapping fragment spanning Gag were spr€ssed
and purified via an N-terminal His-tag.

Sera from immunizd Balb/c mice (but not pre-immune
sera) wete reaclive in ELISA againsr the recombinant pro-
teins (data not shown). In addltion, the specifcity of the
antibodies was confi rmed by imrnunofluorucence.micro-
scopy using HEK 293T cells transfected with the orpres.
sion plasmid pcDNA3.l-VP62 (kindly provided by R.
Silverman) that carries the s€qdence of the aplication
active XMRV molecular done (Fig. 4A and 48). After trano-
fection, these cells produce gammaretroviril panicles vis-

P19o4of ll

lpage n″rl● rno′ fo/cllatt ρJμ凛湖

Pags 5 ot 1t
(,€ge nwbq td lq alLtiq puF'$)



Re ttoviro lo W 2009, 6:92 http://w, retrovirology.com/conbnU6/1 /92

Flgure 3
Nestcd RT-PCR for sensltlye and speclfic rcreenlng of p.gent tumor tissue RNA. (A) RT-PCR for alt 589 RNA
samplcs res arried out with ln-For and In-Rev primers, {ollowed by a quanlitative real-time PCR using primers and probe as
indicated. Usint thc Q.t45T fomrd primer spannint the XMRV typiet deletion ensured specific detection of XMRV
seguences. Primer sit€! arc numbered according to the XMRV VP62 sequcnce. (B) Real-time PCR curues showing the mean of
ripliotes. Thc sensltivity thown in lhls enmple ms l0 copies. (C) Example of the first l6 QQ palienis RNA screen including
GAPDH control rcacdons as the mean value of duolicates.
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iblebyelecuon mictosiopyofultrathin sections (Fig. 4C).
This ls, to our.loowl€dge, the fint visualisation of XMRV
panides using thin 3ection electron miooscopy of Uans-
fected cells. The panicles show the typical C.type budding
structures and a clasiat morphology of MLV.

Ofthe 146 sera samples tested, the conesponding nucleic
acids were available in 30 cases and were included in the
amplification reactions as a subset of the 589 DNA/RNA
samples. Ofthese 30 padents 2 were of the QQ genotype,
20 of QR and 6 were RR homorygous. In roral, 146 s€ra

from prostate cancer patients and 5 healthy conuol indi-
viduals were tsted negative for antibodies binding
recombinant XMRV gp70 and Cag proteins in ELISA,

although postive control immunized mouse sera reacted
strongly (Fig. 5A and 5B). One patient serum lhat reacted

strongly in ELISA against the recombinanl. pr65 protein
was subsequently tsted by immunofluorescene assay

using HEK 293T cells o<pressingXMRV md cells upres-
ing the gp70- or pr65 proteins alone. No XMRV specific
binding was seen, indicating a non-specific ELISA reac-
Uon.

Discussion
XMRV is a recently discovered gammareuovirus, found
using RNA-based microanay techniques in tissue samples
from prostate cancer patients [10]. XMRV was detected
predominantly in patients who are homozl'gous for the
QQ allele at R462Q in the RNaseL gene, which results in
a reduced RNaseL activity and therefore in a diminished
IFN-based antiviral defense. Late! itudies showed XMRV
to be an infectious virus for human prostate-derived cells

Figure 4
lmmunoflouresccncc microscopy and electrcn mlcro:copy of tmrfected 293T cetls. Mice were lmmunlzed wlth
recomblnant gr70 or p165 protcin fragments, and sen were used for lmmunoflourescence mlcrosocopy of 293T cells aans-
fected two days earlier with the moleculai XMRV clone VP62 or with gp70 and pr65 *presslon constructs, (A) A pool ofrcra
from gp70 lmmunized mlce showed reactivlty against whole XMRV or XMRV envelope protein expressing cells, Preimmune
sen showed no bindint, tnd immune sen did not react wit} naive 293T cells. (8) A pool of immun. sera from pr65 (Gag)
immunized mice showed timllar reactivity to whole vlrus or XMRV Gag expresslng cells. Gag protcin wu expressed at higher
lev:ls in cells tmnsfectcd with the CMv-driven codon.optimized gog construct than In those transfected with thc VP62 moleo
ular clone ofXMRV, (C) Thln section of293T cells 2 days after transfection with the VP62 molecular clone ofXMRV. Panicts
budding at the cell membnne and a mature XMRV virion are shown. Sale bar = 100 nm.
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and to b€ sensitive to RNaseLmediated inhibition ofrep
lication by IFN-p l9l. The question of whether carcino-
genic transformation rodss the prostate epithelia cells
susceptible to XMRV infection as a blstander virus or
whether{MRV is itselfa prostate cancer causing agent has
not yet been addressed. It was very recently shown that
XMRV could be detected in 22Rv1 prostate crcinoma
cells originally derived ftom a primary pro$aric 6rci-
noma [1 71. This observation funhdrhighlights the need to
dariSthe panicipation ofXMRV in the etiologyofhuman
prostate Gronomas.

As known for many years in other cancers, e.g. HPV in cer-
vical carcinoma or other cancus (rwiwed byzur Hausen,
2009 [18]), lnfectious agents ausing inflammaory (pre-
cancerous) lesions are suspected to be involved in the
pathogenesis of prostate 6cinoma [19,20]. An inseased
susceptibility of prostate epithelia cells to infection wirh
RNA-viruses as a result of the impaired funhion of RNa.
seL resuldng in proliferative inflammatory atrophy (PIA),
could be an indguing scenario. Thse focal areas of ep!
thelial atrophy are presumed to be preonors ofprostailc
intradpithelial neoplasia and prostate cancer [21]. A small
number ofother studies during the last ten yaN attempt.
ing to demonstrate a role for viral infections in the deve.l.
bpment ofPCa have yielded rathu inconclusive data [22-
261.

If a real conelation between vinl infection and prostate
ancer qists, new therapzutic or even prophylactic ireat-
ments against the dwelopmot of PCa could be devel-
oped by targeting for emmple, viral antigens. In this
rsptrt, a recent obsetration trat radiolabelled thenpeu-
tic monoclonal an$bodies specific for HPV or HBV pro-
teins can inhibit subotaneous tumor development in uiyo
by cells expr*sing these antigens 127] is of partislar
lnlerest.

In the present study, we repo( the tsting of 589 DNA and
RNA samples from spondic prosiate cancer patiens for
the RNaseL genogpe and for XMRV sequences. Allhough
76 of our samples (12.9%) displayed the "susceptibility"
QQ gmot'?e, consistent wilh the ftequency given in the
literature, no XMRv-specific sequencs were detected in
either the RNA or the DNA fiom fie prostate tumor sam-
ples. Given the ratio ofapprodmately 40026 positive cases
harboring the QQ genotype in the *udy population of
Urisman et al. [10], one would have opected at least 30
XMRV positive specimens amongst our 76 RNaseL QQ-
allele samples.

At least two other studic have looked fo! XMRV at the
nudeic acid level, albeit with a much smaller sample
goups. Fischer and coworkers I I I ] studied miterial from
105 Geman patients with sporadic prostate cancer md

http://w.retfovifology.oor/coniBnt/6/1 /92

found only one lndividual positive for )OvtRV by nested
RT-PCR, but this individudl. did not display the QQ RNa.
seL g€notype. Anotherstudy caded out in lrdand invcti,
gated 139 PCa patienrs. In 7 QQ patienrs and two
heterozrrgous RQ samples, no XMRV s€quaces were
detected [121.

It should be mentioned that this study cannot completely
rule out the possibility of an infection with another garn-
maretovirus in these patients. The dcign.of oug PCR
approach wc done in such a waythat one primer pair (ln-
For/ln-Rtl) binds to consewed yegions, allowing amplifi.
cation ofmrious MLV t'?es includingAKVMLV (I01998),
MLv DG-75 (AF221065), MoMuLv (NC_001501), MrcR
(NC_001702), McF 1233 MLV (U13766); and Rauscher
MULV (NC_001819), In this?CR setup a spcific aiSnal
was obtained with the mouse tail DNA as template, indi-
cating that endogenous MLVS were detected. As additional
controls we tested the cell lines 22Rvl (XMRV positive
[17]) and DU145 (XMRV negative [9]). As epected,
22Rv1 was found to be suongly posirive for RNA tnn-
scripts and for provirus (with In-For/Ddaion.Rw prim-
en), while DU145 wc negative in both PCR aptiroaches
(data not shom).

we also tsted 146 sera samples forXMRVantibodier and
found none of them to be pocidve in ELISA or W€stem
blot analyses. The recombinant XlvlRV proteinc,that were
used reacted positively wlth sera ftom irnmunlzed mice.
As XMRV is dosely lelated to othe! mudne leukemia
viruses and therefore immunogenlc in mammalian hosts
f281, an infection which allom the virus to spread to the
stroma c€lls should induce a humoral immune response.
The analysis of sera from prostate Cancer patie;nfs for anti.
bodies could therefore offer a rapid and valid sqeening
method to investigate the involvement of a virus. Obvi-
ously the detemination of sensitivity and specificity of
these ELISA assays is to a cenain degree limited, due to the
lack of a human anti-XMRV positive control antibody,
Nevenheless, the mouse sera were used to demonstrate
the suitability ofthe recombinant anaigens as EUSA anti.
gens, even thougb the titntion cannot be used to deter-
mine the amount of mtibodies in the human sera
samples. The failue to detecl XMRV proviruse or rran-
saipts in &e 30 cases where DNA, RNA and sera sampler
were all availabls is consist.int with rhe negative EUgA
results. It is theoretically porisible that the tumor environ-
ment itself compromises the irnmune rystem and inhibits
the antibody response to lhe tumor-associated viral anti.
gens. This sems unlikely since animat studieg have dsn.
onsuated lhat tuFor diseases do not dramaticalh
suppress systemlc immunity [291. Thue was a cenain
degree of baclqground reactivity to the recombinant Gag
proteins, as wrs also seen in an EUSA using a lysale of
ultracentrifuge-concentated virus as antigen (data not
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Flgurc 5
ELISA of PCa patlent's sere using recombinut XMRV protelnr, Mean ODs with two repliotcs ol cach patient ren
diluted l:200 (dark.bars) and of serially diluted sera from immunized mice (light bars). Cut-ofi ms olculated as the mean of
four (gp70) and ltve (pr65) scn from healthy controls plus two times sbndard deviation, (A) ELISA of nndomly chosen PCa

Padent sen usinS the gp70 (Env) fragment (aa | -245). (B) ELISA using a mixture of both pr65 (Gag) fragmcnts. In gcnenl there
ms a highcr background against the pr65 proeins, seen also with the ren of halthy humans and thr prelmmune mouse sen
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shown). Diffirulties wit} background signals in testing
human sera for ractivityto MLv-d€rived antigens are well
knom when using whole virion panides as antigen 130],
but this also o(urs to a laser qtent when using recom.
binant proteins [281. In genaal, there was a higher back-
groud reactivity against Gag in our 146 PCa and healrhy
control sera tested and one serum reacted strongly to the
pr65 protein. Upon funher testing in Westem blot and
immunfluorescence assay, this serum showed no specifi.
city for XMRV. Ir mighr be possible that anribodies
directed against the uansmembrane protein p15E were
missed due to our droice ofrhe gp70 and the p165 antigen
as targets. In otler human retrovirus infctions, HIV and
HTLV antibodies against dris region are detectable. There-
fore, it should also be mentioned rhat bdore lhe serolog-
ical asays using XMRV proteins were stablished all
serum samples were sseened for <ross-reactivity with
recombinant 9p70, p 158 and p27 [3 1,32] of another gam.
maretrovirus, the porcine endogenous retrovirus (PERV).
All sera were found to be.negative for any of thce targets
despite the obvious rquence homology of XMRV and
PERV in &e ectodomain of pl5E and certain conseryed
regions in gp70 and p27. Regarding this point, it is also of
interct that Furuta et al. [33], recendy reported the detec.
tion by Westem blot of antibodies specific for rhe XMRV
Gag protein in blood bank samples from prostate cance!
patienrs and healfty donors, but no Env.specific antibod-
ies.

Conclusion
In summary, we ddmonstrat€ in a large cohon of more
than 5O0 G€man prostat€ cancer patients with a median
age of 63 years and various stages of disease no evidence
for infection by the recently discovered gammaretovirus
XMRV. This result possibly suggsrs'that the rarher
restdcted geographic incidence of XMRV infections, and
the epidemiology of XMRV in the United.States should
therefore be studied dosely. In addition, rhe oncogenic
potential ofthe virus should be rhoroughly investigated to

' exclude (or confirm) this viral infection m a possible trig-
ger for the dwelopment ofprostate cancer.

Abbreviations
XMRV: xenotropic murine leukemia virus-related virus;
PCa: prostate cance4 MLV: murine leulemia virus; pr: pre"
orsorprotein; gp: glycoprotein; SNP: single nucleotide
polymorphism; nt: nucleotide;

Competing interests
The authors (eclare that they have no competing interes$.

Authors' contributions
OH carried out the moleolar studies and drafted rhe
manuscript. HK carried out the patient's sampling and
prepaEtion and drafted together with OH the manu-

htF:/^ilw, retrovirology.@n/conbnU6/1 /192

script. PB, LN and NaB carried out the generation and
evaluation of antisera and corrected the manuscript. JD
carried out the additional screening againsi related.retro.
viruses. KM, RK and NB conceived ofthe srudy, and par.
ticipated in its design and coordination. All authors read
and approved the final manusaipt.

Acknowledgements
Th! ral.tlh. PCR s.op tor RN8IL t.ndyptnt k! dsitnld by Olf.rt
[endt/TlB MOLBIOL, Bcrlin, W. .r! ind€tt d @ S.ndn Kthn rnd Sodn
Kl.ln for thelr axc.llen! Gchnlc.l sslsbnc.. We thrnk R. Silvrfr.n udJ.
Dr3 Gupo for thc XMRV tull-hn8th hol€culrr clon. rnd ruppoftint bb
proto@ls. Uy'!.ko th.nk L:6 Mdllrr, ZBS4, for rha .l.cron mlcrcKopy
ofXMRV rnd S. Norl.y for re.dint rh! m.nurcrlpi.nd h.lpful dtscvrslon..

References
L Boylc P, FlrLt J: Crnc.r lhcld.ncc .nd morollt' ln Europc,

200{. Aaa Ono,2005, l5:181-.t88.
2. Kolon.l LN, AtEhul.r D, H.nd.non BE: Th. muld.thnlc @hofr

rtudyl .rplorlnt 8.n$, llt rS! .nd c.ncrr rlrk, Nd Rw Co&
<!r 2004. 4!5lt-527.

3. N.lson WG, Dr l1rzo AM, lrs6 W& Pbn.t en..n N E gl.,
/r4.d 2003. 1a9366-381.

4. Smi!h]R, kcli. D, C.rpt n JD, conb..t H, Xu J, l!ac! SD, 8wn.
5!aln MJ, 8oh GS, Guo H, Bulnosrlq P, !t ot: l.lrlot.ue.pdblllty
locur tor poata c.hcaf on chrchoFm. I uttarbd by a
gcnomc'wld....rch. Sd.E. 1996, 2ta!1371.137a.,.

5. Silv.rm.n RH: A .clcntlllc lourhqy thrcuth th! 2.sA/RNsc L
t'1t66. Ct4oqn Gow\h Fo@r Ra2007, 18!381.188.

6. C$.y G. Ndlll. PJ, Plummcr Sr, Xhht Y, Krumroy ll4, Kletn EA,
C.blon. WJ, Nuppon.f, N, C.rptGn JD, TGnt JM, !t ol.: RNASEL
Argl52Gln vrrlent lr lmpllc.t.d ln up to l3X ofprorbt. qh.
c.r @€. Nd G.rd 2002, 32:581-581.

7. N.kil.@ Fl, Suaki K, M.aul H, Ohbk. N. Nrkeq S. Yamrmb H:
RolG of S.hGtlc potmorphl.m. of th. RNAs€L g.h. on
t mllhl pEtbt. cuccr ?lrk In I JrprnGrc popul.tlon, &J
C.de 2003. 8t:691.696.

8. M.l.r C, H..urlcr J, Herkomm.r K V.rovic Z, Ho€tol J, Vogrl W,
P.lssTi lrlubtlon rcru.nlnt.nd la4ladon rtudy oIRNASEL
.r I prortata oncar rurccptlblllty gcne. &./ Caccr 2@5,
91ll5t-ll6,t.

9. Dont B, Kim S, Hong S, Or Gupa.1, t,hlrthl K. Kl.in EA, G.o6m D,
Dsrirl JL. Chow SA. Si|verm$ RHi An Intcctlout rctbvhu. 3ut
<cptlbla to rn IFN .ntlvlnl prthsy trcm hudn proi.tc
lumo?.. Pto. Nod ko.l 5., USA 2007, | oar I 655. | 66().

10. Urirhin A, Molin.ro RJ, Flrcher N, Plumm.r SJ, C.r.y G, Klctn EA,
M.lrthl K, Ma8j-Grlluzi C, Tubbr RR, Ganem D,.t ot: ldchtitlc..
tion of. novel G.mmarctrovlru h prcrtatc tumor ot
prticnB homozytou3 for R462Q RNASEL vrriut. PLoS

Pothog 2005,z,eZS.
| |. Fkd.r N, Hellwink l O, Schulz C, Chun FK, Huland H, AoDfelb.ch.r

F1. Sdlomm T: Prav.hncc ot humo trmm*ctrcvlrut Xt,tRY
in rporrdic prort.t. 6n .r. I Qin Vhol 2008, a3t2n.281.

I 2. D'Arcy F, Foley R, P.rrl A, M.dgnol L, L.wl.r M, Grffncy E Wroon
R, Fiqparlck.l, Lynch T: No Gvid.hcc ofXilRV In lrt.h Dro5t.t.
cu.6r p.tl.nt, wlth thr Ra62Q frvbClon, Eurcp.on Urcbgl
Supqhncns 2004, 1 27 | .

13. Schleber! R, Cho! DJ, 8rcwn KR, Thrkcr HM, Sinth lRr XMRV lt
prc*ht In m.llgnst prdatlc cpith.llum and la araocl.bd
with prort.tc onc.r, Grpacldlly hith{rrdc tumo6. PM Not/
A.dd 5d USA 2009 In prers.

l.{. Hont S, Kl6ln EA, Drr Gup6 J, H.nk. K, W.lght C,,, Ntuyon C.
G.uShan C, Klm KA, 8iln!rt N, Kirchhot F, d ol Flbrll. ot Pror.
tatlc Acld Phorphat.sG Fr.tmcntr 8@rt Infadlona by
Xl.liv, a Huhs Rctrovlro! A.3oclated wlth Pro.bt. Can.
ccr. J Virol 2009,83:6995.7003.

15. Eehr.ndt R. FlrbiS U. Norley S. Gurdlr L Kunh R. Dcnncr J: A ncu.
tr.lizrtlon !*y for HlV.2 bucd on mllurom.nt of provl-
rur intctntfon by dupld re.l-tlmc PCR. I Vbol ltchods 2009,
llt:,O.46,

Page 10of11
(paga nunbat nol td cneUq plJeaas)

Ratrcvirology 2@9 , 6:92

16. Rri*h KP, Pla@ M, Sun HY, T.keschlY, C.shdo!.r LW, Gru3b.rt
SB l{ol.cul.r clohlh& complct. ego.na..nd blolo8lcJ
ch.nctGrlradon ot a xtnotrcDlc mudna laukamla vlrut con.
ltl&tlvqly nlar.d tbm th. humrh B.lymphobl$told G.ll
lln! DG.7l. Y,robg 2001, !08|8 1.9 l.

I Z Knouf EC, Meager MJ, Mlch.ll PS, Aroyo JD, Ch.vill.! lR, T.mrl
M, l.'llllrr AD: t{ultlpl. Int.trrt.d @pl6 sd hlg|}ld.l pro-
dudloh otth. hum.n rt?oylru Xl.lRV (x.notrepl( nuilnG
l.uk mh vlru&Ehted ylru.) trcm 22Rvl prc.t.t qrcl.
nomr c.llr. J V?rc/ 2009, 83r7!53.7356.

18. zur Hausen H: P.plllomavlruaca ln thG qu..tlon of human
c&ccn - . brlGl hlrto?lc.l rccounL U@bty 2009, Stia!26().165.

lt Mry M, K:lbch R, Hor.hk. B,Jur.tr.kT,W{rnldthrrF, B@km.n-
Amlis.h S, Splhk l, Bnun KP, BerW, Hclkr C: [D.tedon ot p.p
lllomavlrua DNA lh tha prcrtttrt a vlrur wlth undcrtrtl,
m.t d cllhlcd r.lcv.n..tl. Urcbt.l 2m* at:8,16.852.

20 W.t.nhhn.r Fl.l, Elk nhllJE AlFb. F,ll.*lund-Johm..n l, N.b.r' KG, Hront R, Wddn.rwr Thc rc|. of Intlumtloh snd Inf.c.
tlon In thG p.tho8lncrlr of prort.t cclnoml 'EJU ldt 2007,
1001733.737.

21. Dr Mrzo AM, Mrrchl VL €prtcln Jl, Nrtron WG: Piollflr.ttvc
lhrlhmrtory.trcphy olth. prc*.t t lmpllc.tlom tor prcr.
trtf c @lnot.n6b, An I Pothol lgn, I Jl! 1985. 1991

22, D$ D, Wolno K lmp.d.l. MJ: BK vlrut ! r cohcbr In thc .tl.
ofoty-_of prc*rta scs In ltr ..rly 3btq. J Utol 2@8,
82t2705-77 11,

23, Korodi Z Wrn! X, T.dcschl R, Knlkt P, Dllln.r l No .crclo8l.rl
dld.nc. ot eclatlon bctuG.n prcrhta dc.r rnd Intac.
tlon wlth h.rpcr rlmplq vlru typ! 2 or humrn h.rpdlrur
typc 8r r n.rt.d cu+conhl rtudy. J lnfad D& 1005,.
lrl!200&201 l.

24, Sm.n6 M, Hrrkln. l- Kl.mm K EriE WJ, clbbt CS, Hl8h pr*
l.na of hunn cybmcg.lovlfu h prc.t tlc Intruplth.lld
n@dsl. rnd preratlc crrclnoml .l Urol2003, lt0!9&1001

25. Shrcr KS, S.uv.t.ot,l, F.dor HL, DlckJD, D.|,|.rc A1.1, lrnct W&
A mdeuhr rnrt3b ot prck iyotk .rd vlr.l DNA
rcqulnaq In pMtata tbtuo trom patlGntr wlth prcrtrta
dc.r lndlcat.ath. p|.6nc. of muhlple sd dlwrF mkb
ortulrmr, P,M! 2008, 68:306.J20.

26. Stnckbr HD, Eurk R, Sh.h K,Vlicldl R,J.ckon A, Pia G, B.@nl F,
Schlllrr JT. Mennr A, Mrt.lf R, .t oL A muldt et.d ttudy of
humrn paplllom.vlrut and proatatt ctrclhomr. Conar 1998,
EltlllS-1125.

27, W.nt XG, R!v!by. E BrFn RA, Strlcucr HD, Eurk RD, C$.dmll
A, D.d.chon E: TraatlnS o.ccr s u Infctlour dbor+vlrrl
rntltcnr aa nwal tarS.tr tor trGatmant sd pobndd prc.
v.ntion ot tumoB ot vlnl ctiolo8y, PLoS ONE 2007, 1. | | | 1,

28. Klm S. P.rk E, Yu SS, Klm S: Dcyclopm.nt of cnrymollnk d
lmmuhororbGht s$y fd ddcght iltlbodlcr to Fpllo-
tlon<ompctcnt msdn. l.uk.hl. vlru* ! Vhd M.thodt 200!.
||8:l-Z

29. Fny A8, Monv N: Slgn.llnt def.ct In sd.tumorT cclb, lmmF
iolR.v 2008, 212:192-205.

30. Mrrdn..u D. Klump WM. l.lcCormackJE. D.Polo NJ. Krm.ntlgv. E,
P.Eowki M. Hulon J. Jolt DJ. Mcnto SJ, S.li.di N: Evrlurdon ol
FCR sd ELISA ssyr to? lcrc.nlh8 cllnlel Flsl3ubl.cB for' rpfledon<ompcbnt rutrovhul HM G.h. Tha ly)7,
E:J2.ll"l2.tl.

3 l. Filbig U, S$phrn O, Kunh R, Dcnncr J: N.uerlldn8 rntlbodl.t
a8alhrt conr.ry.d domalnr o{ pl5E ot poralna Gndogcnour
lcttovlrura$ batlr tor r vecclnr ior xcnotraniplsbdonl
Vlrolory 2003, J0ti06.4 13.

32, lrtmS M, S.ucr lM, KarE! A, Zrillnte. K, G€rhch ,C, Kurth R, Ncu.
hsus P, Dannar J: Porclha Gndogonous rGtrovhuror! no IntGa.
tlon In p.tbntr tutcd wlth a bloFetor bscd on pcrcln!
llvat.olb, J Ctn Vnol 2003, 26: l1 l- | 5{

31. F!rutr RAt Th. PtGv.l.nc. ol X€noeoplc l.lurln. Lcukql.
Vltur.Rcl.bd Vlru. ln Hcel6y Blodd Dono6 In ,.p.n,N.t@ of DoD.R p6.nEd d the 2009 meetlng on R&viru.q Moy
l8 - Moy 23, 2009 Cald Sqrlnf Ho6ow Laborowy20w:100.

hやプMW′ .retourol● gy coW●●ntentr6/1792

Pago ll● fll

鰊

"で
1■ 0°l年●ll・商ρ響"河

Publish with BloMed Central and every
scientist can read your work free of charge

'SioMod Centel wlil bc them& tlgnifiqnt d$lopmcntl*
dl$emln.tlngtha Etulb ol blomcdlaal E*.Kh ln Nr li(atlme,'

5[ Paul Nu6a, Cancrr Ra*akh UK

Your re!earch pape6 wlll be:
. iv.ll.ble {Ee otdlrgrio th€ entiF biomcdkalcommunity

. pcer rdl*d.ndpubllCrcdInmodl.telyupgnr(ept n@

. lhed In PubM;drnd.rchlwd on PubM.di!tr.|

. !ou6 - leu kt.p thc <opyrighl

Submhyocr m.n@lpn ha: pt'*"ot"nt'"'



∬In∬:品鷺
『

器露ξ冨誕「:棚」
high_grade tumors
Robert Schlaberg3.1,Danie:J.choeb,Kristy R.Browna,Harshwardhan M.Thakerb′ and ila R.Singhab.2

囮
ｕｍ‐‐ｙ・

Ｚ
”
■
■
■
■
■
■
■
■
■
■
■
■
■
■
■
■
■
■
囲
目
■
圏
圏
爾
饉
爾
明
隕
晰
翻
離
駒
Ｆ

無‐‐。‐̈囃「雛一

¨
”
”
　
押

Ａ

難
臨厭
‰
Ｊ
¨

Ｆ
　
　
¨
　

”
鉄
　
　
”
鵬

'Depadment of P.lhology .nd Cell Siology, Columbi. Uhiverrity Medi(al Center, 522 West l58th Strer! New York, NY lOO32; and bDepanment of
Pathology, lJniverrlty of utah, Emm. Eccter ,one9 Medical Reseerch Building, I s Nodh Mcdl(al Driv€ E!it, S.lt t.k. City, UT 64112

Comhunlc.ted by Stepheh P. Goff, Columbia univ.rrity College of Physi(ian! rnd Surgeohs. Nry York, NY, July 20, 2OO9 (recjvrd lor r€vle April 29, 2OO9)

Xenotropic murine lcukemla vlruFrel.ted virus (XMRV) was reccntly
discovered in human ptostate cncets and is tha tlrst gammargtovi,
.!3 known to Inf€ct humanr Whil! gammaretrcvlruses havc well.
char€qtedzed orcogrnlc eftects In aniru 15, they hav€ not bcen shown
to cause human 6n(i6. W€ prgvlde cxperlrental evidencc thlt
XMRV ls Indeed a gammarqtrovlrus wlth prot€ln @mpositlon and
partide,ultrastructurc hlghly simllar to Moloney murine leukemla
virus (MoMLV), another g.mmarctrovirus. We analyzed 334 @nre<.
utiv€ prc3t te r4ection spe(lmens, uring a quantitative PCR asFy
and lmmunohiitodrrmistry (|Hg with an and.XMRV spsitlc ant.
serum, Wc found XMRV DNA in 5% and XMRV protcln exprc$lon In
23% ot prostlts anclE XMRV prct€lns wre expc$ed irrlmadly In
mElignrnt€plthsllal cel15, rugge5tlng that retrovifal infedion may be
ditoctly llnked to tumoriglne'ir. XMRV Infection wa5 as$(i.ted with
prostate (an@r, cipcrially hl9h6r-grade cancer, We found XMRV
infectlon io bs Indep€nd€nl of a common polymorphism in thc
ff'rA.ltEl.gene, unllk€ reslG prcvlously reportd. This finding in.
(EaG tha population rt risk for XMRV infoction from only thos
homorygow loi tha fi lAsEl variant to all Indlvldual3 Our observa.
tions prcvlde evldan(. for an a$oclation of XMRV with mallgnant
cells and whh morc aggroslve tumotr.

Gleaion I lmmunohittochemliry | retovirus I RNareL I xenotropl<

l)rostate encer is the most comon form oI nonskin qner in
f U.S. men (1). The lifetime risk for developing prostate mner
is -1 in 6 (2) iD thc United Stats, and globally, 37o of men die of
prostatc caner (3). Morbidity and mortality from prostate @n€r
uc likely to gw further, given increcing longwity. Epidemiologic
studies indicate that infection and inflamation may play a role in
the development ofprcstate carcer (4,5). A seuch forviral nucleic
acids in prostate canen led to the identifi€tion of xenotropic
murine leukemia virus-related virus oCvlRV) in -107o ot sampla
tsted (6). Beeuse only malignmt ti$us were analpcd in the
initial report, an a$@iation of XMRV with prostate €ncer could
not be addrsed. Our ilal)6is of 233 6s of prostate onem and
101benign controlsshwed u dsociation of )O\4RV infectionwith
prostate an€r, especially with more aggresive tumors. XMRV
proteins were aLnost erclusiwly exprased in malignant epithelial
ells. Only nrely did wc find )Gr4RV proteins in benign stromal
@lls, in contrst to a prwious report (6).

)CV{RV was originally discovgred in patients with a redu@d
activity vadant of the RNASEL gene, and a strong conelation
between this variant (R462Q).md the prcence of XMRV wd
reponed: 89% of )0\4Rv-positive ass and only 16% of )OIRV-
negatiw es6 wcre honozygous (QQ) for this variant in a total of
86 rues (6). Our study of 334 6es allowed us to ctablish the
independence of )Or,IRV infection and the R462Q variant. This
finding movcs the population at risk for )O4RV infection from a
small, geneticalJy predispo*d fraction homozygous for the R462Q
RN.4SE, vdimt to all mcn._Sequence mmpariions have classified
)C\4RV s a gamrniletrovirus with a high similarity to murine
lgukemia virus6. Wc prGent experimental widene that XMRV
is indeed a gmmaretwirs. Gammaretroviruses euse leukemias

www.pnat.orglqlldol/lO. t 07!/pn{.0969221 06

and sarcomas in multiple rodent, feline, and primate species but
haw not yet been shwn to €use can€n in humam. Taken
together, our fitrdings provide evidence consistent with a direct
oncogenic eff@t of this reently discovcred retrcviru. If stab-
lished, a dirrct role for )O{RV in Drostatc en€r tumorisensis
would open up opponunitis to devjlop nw diagnostic ma-kere r
wcll as new methods to pr€vent and treat this €n€r with atrtireF
wiral therapic or vacins,

R.sults
A Molsular Clone of XMRV lnt cli Humal Pr6lrtG Cllla We con-
structed p)qv{Rvl, a tull-length )O4RV molecular clone, using 2 :

overlapping clon* from patient isolate VP62 (6) lgift of Dotr
Ganem, University of California, San Francisco (IJCSF)1.
p)O{RVl was transfected into 293T ccUs. Revese transcriptse
(RT) activiry wro detected in the supernatant within 1-2 days oi
transfection (Fig. ll), itrdi€ting the rel6cof viral particlc. Thce
were inoolated onto naive 293T cells md LNCaP ells, a human
prostate €tr@r c[ line (Amerien T]pe Culture Collection CRL
1740). Vral releawfrcm infected LNCaP @llsws first Fen on day
7 postiooelation and peaked at day 12. No particls were relesed
from similarly inoqlated 293T cells up to day 14. pXMRVI is
therefore an infectious molrculr clone, and )CvtRV repli€ts
efficiently in human prostate @lls.

XMRV Particlet Hav€ Typec Retrovirut Monhotogy. Pafticl6 released
from )O{RV.infected cells closely rwmbled those of a gama-
retrcvirus, Molonsy murine leukemiavirus (MoMLV), in sire and
morphology (Fig. 1A-E). )Gr{RV particlo had an average dim-
eter of 137 m (SD = 9 m), a spherical to somewhat pleomorphic
shape, and characteristic lipid envelopc. The majority of particle
entained an electron.dense, polygonal core with an iregular
outline (average diameter 83 nm, SD = I nm), rsembling mature
tl?e-Cretrcviral cors (Fig. 1Q. Core defined 6 "imature," i.e.,
spherical with atr elctronlucent €nter, were also seen (Fig. 1D).
A "railioad track," a term used to describe imatur€ MoMLV
cors (7), and fomed by tho radial aligment of the N- and
C-tcrminal haks of the CA protein, w6 also seen in imature
)O4RV cores (Fig. lD, mwhcad). These striking ultrstructural

tTJ:l$,tix,:J#f x""T"t#:#J$isl')sussstthatth"*l
XMRV PretGiN, Excepi for EN, Clo..ly Rssmble lhos of MoMLV. W. lil
identified )O4RV protcins and defined their molmlar weights bV 
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omparing Wstem blots of lysed )G4RV and MoMLV viriom
probedwith antisqa specific to)O4RVor to MoMLVGagprcteins
(Fig. 1 F and G). In accordane with their high (-907o) sequen€
similarities, the-moleultr weights of XMRV and MoMLV Gag
proteiN were found to be very similar. We identified a 75-kDa band
6 the surface unit (SU) of the envelope @nv) protein, using nbbit
antisrum speqific to )O4RV.Ery SU. This antiserm did not react
wilh lhe MoMLV-SU, consistent with the lower sequenc similrity
(54%) of the orraponding Env proteins and the general tendency
of Env proteins to shw greater wolutionary divergene, r com-
pared to Gag or Pol proteins.

XMnV PEvinl DNA 15 D€tected ln 5% of Humn Proitats caneB Vir.l
Loads ot xMiv Are tow' Our quutitative (q)PCR was dsigned to
efficiently mplify )O4RV prcviral DNA from formalin-fixed,
puaffin-enbedded (FFPE) tissu6. Primers and proba were cho
sen in a region of the integrue gene that is 1007o conserved
between all 3 published )trvfRVisolate mdyet shat* at m6t807o
similarity with the most clos€ly related murine retrwiral sequenG
(Fig. SLa), A comon foruard primer wm wd with 2 different
rcwE primen to allw for sequene diffcrcns in clinial isolatas,
Our qPCR wu specific for )0vlRV sequencc and did not amplify
mwine or humm endogenous rctrovLus€s; no mplif€tion prod-
ults were seen when using C57BU6 mouw ggnomic DNA or
human plac€ntal DNA as template. We t6tod the sesitivity of our
qPCR may in 2 mys. First, in the prene of ero humm
placental DNA, we could consistently detect 50 copies of the
)Gr4RV prwiral clone and 5 copic 507o of the time (Fig. S18).
Second, beaue formalin fintion and embedding ii paraffin
comprcmis DNA quality, we also usd fxed templatd to tst
pNitivity. Whetr DNA from FFPE humm prostate tise setions
was spiked with knwn dilutioN of DNA from fixod and embedded
)Gr4RV-infected, culturcd ells, we 6n3istently detoted 1-2 in-
fe€ted cells per qPCR sample (Fig. SlQ. We dweloped a rcond
qPCR targeting the single{opy gene-vgicle-ssciated mcmbruc

15352 | w.pn6!.org/ <gi/ dal/ 10,1073/ pn.t,(A959221c6

protein 2 (VAMP2) to t6t for DNA intcgdty ud amplifiation
inhibiton [details in suppofting information (,t4 far].

To stimate the pHalene of XMRV in mcn *iih and without
prstate mcer, we nund 233 onsecutivcly acccsioncd pros,
tate an@tr and 101 s6 of tansurcthral wtion of thc.pNtate
([URP) c benign controls (Fig. SlD). Wo detc{rcd XMRV DNA
in 14 (6.2%) w* of prostate cancer and in 2 (20%) confols. We
determined XMRV proviral loads in theso tisu* Using )OvlRV
plsmid DNA as a standard, w ctimated tiat ql€R-positivc
prstate mem contained 1-10 copis of )CvtRV DNA p* 660
diploid ells (see Mitaiab ad Methods nd Fig. StE). B€ause tho
number of tumor ceus in any given section wis widet betwe€n
tumon md even betwe€n different cHs in the ssmc tumor, it is
impossible to estimalo hw many copic of )Or4RV DNA arc
present in each aro cell Using FFPE )QvIRVq'nfected cclls u
standards, wo calculat€d that cach l0fm section Aom a prostalo
cancrr contained tlrc sme mount of orwiral DNA as 6-7
)ClvlRv-in{ected olturcd @lls.

XMRV tloteln lr Explued In 23% of Prost ts C.r6E and lr Pndoml.
n.ntv sr.n In M.llgn.nt Epftfidilm, We developcd )OvlRV*pecific
ethcn and wed thm for imunohistochcmistry (IHC). Wc f tst
ued )(MRV-infetcd md uninfected @lls that wcre mi,cd at
differcnt Btios and fked in fomalin ud embcddcd in Daraffn to
mimic prcstate tissuc sections. Wc saw granular cytoplaimic stain-
ing in ells in propodon to the perc€nt8go of infcctcd cafls in the
consponding,mixturu (Fig. 2l-Q, No staining was sn in
uninf@ted ells or with prcimuc sem @9 S2,4 and A),
confirming thc specificity of our assay. We next performed IHC on
proslate samplcs from XMRV qPCR-psitivc qscs. We saw the
same cytoplasmic granulil pattern in tissucs as in infcted qilturcd
€Us (Fig. 2 D and E). Antisprm from a second rabbit rcsulted in
identiel staining. No staining wd secn with prtimunc serum
Fs'24.

We tested tisue scctions from all334 cas of prcstale caner and
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Fig, 2. XMRV prdeintdetdedinintededohured tetlt and jn ptBtate aah<el
ti$ua by lHC, urlng .nti-XMRV rhtisarum. Cdhte6taining with hematorylin
rw..lr blE nu<lel. (i .nd O XMRvlnfeded ell3r 100% infed€d (A) .nd l%
lnlded (8). (O Cdtur.d lnteded allr.t higherm.gnifi@tion 5hil(ytopl.rfric
gr.nul.r $lning, reprlsented diaganmatically In Ct (arr@head, granulet.
(&A Human prMe@ffieFwith'durterot m.llgn.nt apith€lial cells(O,wirh
/nref rt higher magniti(ation (ft). Granul.r i.lning paflern seen at high.r
magni{l6tlon. (F.nd F ) Adja(entcdion iainedwith Heimmuhe rerum from
the same rabbit. N, nucleu$ [ nu(lFlu'

controls with benign prostatic hlperplasia. We found )Or4RV
protein exprsion in 54 (237o) escs with prostate cancer and in 4

(4Eo) controls (Fig. a,a). In contrast to a previous report (6) that
found XMRV-specific staining only in nomalignant stromal cells,
we observed )CviRV-spccific staining prcdomimntly in malignant
prostatic epithelial cclls. )gvlRv proteins were exprssed in epi-
thelial ells in 46 tumon (8570), in both cpithelial and stromal @lls
in 4 tumom (7.5Vo\, and cxclusively in stromal ells in another 4

tumon (7.57o). Of the 4 controls, )OvIRV expresion wre seen in
epithelial ells in 3 and in both epithelial and stromal @lls in 1 €se.
Epithelial ells cxprsing )QIRV prctein usually belonged to a

single acinus or to a fcw adja@nt acini. The proportion of ells
exprwing XMRV protein in a given tisue section varied widely
(Fig.3,4-G) but positive @lls always represented a minority oi@lls
on tbe slide. The vtrl majodty of IHC-positive epithelial rells
showed the samc gnnilar staining pattem of the entire cytoplasm
that wN seen in cultured cells (Fig. 3,4-F). Hwever, the staining
intensity and the subcellular pattem varied between cases, ranging
from intense staining of the entire c),toplsm (Fig. 3E) to more
disqete granular staining (Fig. 3 C and D), with some unusual
staining pattems (Fig. 3G). In sumary, >O4RV proteins were
exprsed in Z3Vo of. prostate can@6 and 47o of controls. Protein
cxprsion was seen in clusteN ofmalignant epithelial cells and very
rarely in stromal @Us (Fig. 3 I/ and I).

Prc5uc ot XMRV Cotrlbt?5 wlth prod.te can<er and fligher lumor
@rdr, We tsted Jor a mne.latjoD of )gvlRv positivity (by qPCR
or IHC) with the pr6en€, grade, and stago of prostate aner.
)gvlRv positivity was s'fold higher in caner than in benign

schlaberg et.l,

controls (odds ntio = 5.7, P < 0.0001, Fig. 4,4). We also tcsted for
a conelation between )0\4RV positivity and tumor grade s
measured by the Gleruon score, We saw a conelation between
XMRV positivity and higher-grade can@rs (Fig. 4A). Of rhe 233
mss with cancer, we fornd )O{RV positivity in 18Vo ot Gleason
6 tumors,2770 of Gleson 7 tumom,2970 ofGlemon 8 tumors, and
44Vo ot Gleason 9 tumors (f -t6t for trafi, t = 3.466, P = 0.06,
df = 1). Because only 1 case was a Gleroon 10, it was not included
in the analysis.

Mosl radical prostatectomy specimens contain relatiwly low
pathologial tumor-trode-mctAtGis [fNM) stage canccN, be-
€use surgiel treatment is not usuallyperformed for higher stagc.
This is reflcted in the distribution of tumor stags (pT) in our
sen6:'75% pT2" 23Eo pT3, and 2Vo pT4, )O\,!RV was detected in
25Vo otstagepTztumon and in 327o ofpT3 tumo6. Of the 5 cases
with a pT4 stage, I QlVo) was )Or{RV positive (Fig. 4C). This
modeFtcly increaed prevalene of )O4RV in advancel stage
an@ff was not slatistielly signifiont. Our smple had very fw
escs with nodal (N) metotuis and no 66 with knom distant
metdtases (M), pHenting an invAtigation of a posible mcia.
tion of )O\4RV with higher N and M stage. We sw no association
between XMRV int$tion and age at diagnosis (Fig. 4D).

XMRV lrfectlor ls Indeprndetrt ot tho n/$2Q PolynorphLn of iMiEL
)Or,lRV was initially discwered in prostate qncen frcm men
homozygous for a @mmon variant of the iltiviral enzyme RNse
L. Tlris R462Q amino acid substitution rsuls in a 3-fold reduction
of enrymatic activity (8). In their study of 86 men with prcstate
an@\ Urisman et al. reported that 89Eo of )O4RV-poitive osc
were homorygous forthe R462Qviliant (QQ) as comparcd to 1670
of XMRV-negative 6s (6). We profiled our 334 cces for the
RNase L R462Qvariant. Thc distributionw6 similarbetween 6s
with prostate an@r and controls (42.970 RR,47.2VoRQ,and9.9Vo
QQ in encers w.52.5VoRR,40,6V0\Q,and 6.97o QQ in c.ntrcls,
Fig.4E). Thcrcwas also no differpncc in allelic distributiotr bctween
)OvtRV PCR-positive (507o RR,437o RQ, and 7% QQ) and
PCR-negatiw ases (42.7%RR,47,4VoRQ, and 107o QQ; Fig.4E).
The 2 )Or4RV-positive contrcls had RR allel*. When IHC was
used to define )O4Rv-positive and -negative €s6, the relative
allelic distributions were alrc similar. We thus found no romciation
betweer lhe prsence of )Or4RV and the RN6e L'R462Q uriant.

Dl$u5sion

)0vlRV is a candidate infectious agent for causing prostate caner.
On the basis of sequence comparimn, )O4RV wm classiJied c a
xenotropic murine gammarctrovirus, We present the fint exp€ri-
mental widence in suppon ol this cldsifietion. The morphology
of )Or,lRV particlc w6 very similar to MoMLV, a related murine
gamaretrovirus, Protein products of. the 2 viruss had sinilar
molmlarreights, and antisera to most proteins of each virus. The
notable exception to this was the SU portion of Env, which
determines host spe{ificity and sets xenotropic virus apart frcm
other related murine viruss. XMRV SU-specific antisera did not
cros-react with MoMLV-SU, and the 2 proteins shue onJy a 547o
similarity (as opporcd to 75-967o sinilarityfor otherviral prcteins).
Our findings ths support the classification of XMRV as a xeno-
tropic murine gmmarctrovirus.

We developed 2 sensitire and specific asels for the detection of
)0r4RV in tissues. We used thss qPCR and IHC assays to
demonstrate the prsence of XMRV DNA or proteins in 27Vo of.

cass in the lalgst sries of human prostate enceN anallzed thus
far. We show that XMRV proteins are expresed alrnost excluiwly
in encerous epithelial cells. Moreover, the prsen@ of XMRV
conelated with more aggrcsive, i.e,, higher.grade tumors. These
findings provide support for a posible oncogenic effect of XMRV
and are crucial for dcsigning studies to itr$tigate merhanisms of
transformation.
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the pathophysiology of chytridionymsis ap-
pes io bc disruption to lho omorcgulatory
fiuctioning of thc shn md onwquat omotio
imbalm@ that lcads to ddic st ndstill.

To lst wheths tseating cl@tolyte abnomal-
itis would rpduce trc clinical signs of diw,
wc administercd u onl tl@bol)'te supplemqt
to L crerulea in tlp vninal stagc of infotion,
when tl€y lost tbe righting rcflex ud @uld no
:ongq mml their body positiom (2d). Frcgs
ud6 tBbnmt mvqpd a nomal poshe and
bme morc rctivc; one individual mvqod
sufficiantly to climb out of thc uts onto lhc
mtriM wallE, and two individuls w@ able to
jmp to avoid cspturc. Thesc signs of l@v6y
wm not obsded in ily utratcd togs. In
addition, teted togs lived >20 hom longc
thu untqt d 6ogs [!lw tim affer bqtnht t
SEM: tr€at€d eo$ (il - 9), 32 ! 2.8 hom;
onbol fiogs (/V:6), 10.712.2 hos; Studst's,
lest P < 0.0011. All tatcd togs @ntinucd to
rhcd skin Dd lltimatrly dicd &om 0rc infwtiorl
s exp*trd. It is unlikely tlBt ebotrclyt€ beatnflt
@uld prcVat dab unls thc cpidmul damage

eused by Ad is B6ed Allhough arphibim
@ gaqally tolcmle g@tsr el@tolltc fluct&
tio6 $o othq tsrcskial vstcbnts (.18), wo
sgg6t thrt depl*ion of elwbolyEs, sT€iaUy
pobssim, is important in tbe psthoph)siolos/ of
chltidimycosis. AnpNbie plasa potassim
mMt'ations e minbin€d at @nsbnt levels

uos srens (24 ad bven modqrtr hypoks-
lmia is dagmu in hrm (2fl.

Ow sults support the cpidemal dysfnction
b?oth6is, which sgg6b thalddispa cuti'
n@s osmgulalory functioq lcading to cl6-
trolyic imbalere ed d€ath. Thc ability of 8d to

ompmmiw the epidmis cxplains how a mpc.
ficial skin fungus en be fatal to mmy sp*is of
mphibim; lheir exisi,me dcpmds on th9 php-
iological interctios of the skin with the qtcmal
cnvironment (/6-]9). Disase outbrcaks capa-
blq of @sing population doline rcquirc thc
aligmnt of multiple voiables, ircludiag a life
mmprcmising pathophysiology (/). Rmlving
the pathogmeis of ch1+idiomy@sis is 8 key dep
in udmbnding nds upaalleld podemic
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Vincent C. Lombardi,r' trancir W. Rus(efii,:. Jaydip Das Gupta,r ftlax A, pfost,l
Kithryn 5, Hagen,r Daniel L Petrrson,l Sandra K..Ruscetti,'Rachal K. Bagni,5
Cari Petrow-5adowsh," Bert 6old,t Mi(haet Dean,2 Robert H, silverman,r ;udy A. Mikovltsll

Chroni( tatigue.ryndrome (CFS) is a debititating dlsease of unknown etiotogy that is estimated to
.ftect 17 miltion people wortdwide, Studylng p€ripheGl btood mononuctear celb (pBM(d fiom
CF5 patients, we identified DNA from a hunan gammarelrovirut xenotropic murlne leukemia
vhus-related vi,us (XMRV), in 68 of 101 patienB (67010) a5 compared to I of 218 (3.70lo) hestthy
(ontrols. Cell cultufe experiments revealed that patient-dedved XMRV is infectious and thrt both
(etl-a$odated and (ell-free transmission of the vlrus are possibte. 5e(ondary viral infections
wele established in uninfdcted primry lynphocyteJ and indicator ce[[ tinei atter their exposure to
activat€d PBMCS, B cetb, T celb, or plasma derived from Cts patiena. Thes€ findings raise the
p$sibility that XMRV may be a contrlbuting tactor In the pathog€neris of CFS.

;r^lhrcnic frtiguc syndrcme (CFS) is a die . trm frDctioq oftm ircluding oluonic rctivatim
f odrofuknmcriolos/dutsffccttrul of thcimteimucsystemudadefioiacyin
\-/tiplc orgm systetrs in thc body. Patiqts natunl killcr @ll adivity (.1, ). A nmber of

wi0t CFS display abnormalitie in imuuc sys virusc,. including ubiquious tiqpqvirus and

莉 伽躙
・
憮蠅鸞齢蠍
Fredel“ MD 2170■ uSA.

■he,author,`● nlr buted equaly to thL"rk,

lTO Whom cOre,pOnden“ 晰。ud be addres,ed.E・ mJし

lυ dymoWpl“ t"ute m l

with Ghronic Fatigue Syndrome

Detection of an
XMRV, in Blood

Infectious Retrovirus,
Cells of Patients

mtqovirc, have bem implicabd u posible
avimmtal bigg6rs of CFS (/). P*imb wirh
CFS oftm havc rcdw p hapcviru in&ctim,
sgei6tinS ar udalyhg lrmw dcficiocy. 

-
The lmt disvsy of s g8multoviru,

xaotopic muirc lakoia vimlqbd viroc
Crg\4RV), in thc tlutr tissuc of I subsct of ptG-
hie @q patimts prorrybd u8 to t6t wbcthd
)O4RV might be a*$cisrcd with CFS. BoUt of
ftw disd6s, XMRv-positiw pFstat€ ms
md CTS, havc beeo linkcd to altorti6ro in 0p
mtivinl az)ma RNrc L (3-f,). Using the
Whittrrm Pctm Imtiirte's NPfs) dritional

"中
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Sequme of fu lllmgth )0tlRV gam* 6on
two CFS patiflb md a prtial gome ion b $ird
paticnt wre gs@ted (rabl€ sl). cPs )o{Rv
stsaim I 106 ild I178 wh difrercd by 6 nt ftom

the nfm€ ppEtat! @q st"ain)C\4RV VP62
(8F185232), sd with thc qcaption of I nt, thc
wiut nuol@tids mapped to differai lo@tiom
within thcXMRV gmone, sggsting ind;pqr-

I                RE10RttSlll

dcnt hFeclm ln∞ mpanson,pstate cmc●―
denved ttV s●載ぃVP35 and VP42● fFmd
輸 VP62 by:3 ard 10 nttewm● Vdy.■●,施   '
compl“ XMRV卿剛 s h alese cPs patents

tissue repository, which @ntains mples fiom
well{hmtsiz€d @horts of CFS patiflts, we
isolated nwleic rcids from PBMCs md csayed
tbe smplc for )o{RV gag s€qumces by nested
polymme chain retim (PCR) (J, 6). Of the
I0l CFS smple mallud,68 (67%) @niained
)Or,[RV gcg sequro. Dctcction of )O,IRV w6
rcnfrmcd in ? of ll WPI CFS smples at the
Cleveland Clinic by PCRopli.fuing ad sequme
iry Fgm@b of )O/!RVav [352 nulotidcs (nt)]
ud sas (736 nt) in CFS PBMC DNA (Fis. I A)
(O. In mnb-asl XMRV gcg scqumes were dc-
lrctrd in 8 of 218 (3.770) PBMC DNA spoimms
trom healthy individuls. Of thc I I healthy @n-
fol DNA smples malyzed by PCR for both ezv
md gcg only one smple wc positiye fq gag
md none for azv (Fig. lB). In all positive rcc,
thc frv1P.Y gag od erv se4umm w@ morp
than 99% sinilu to those previously rcpoded for
prcstafe hmrswiard $'airo of )O4RV (VP62,
w35, ed vPa2) (fis. sl) (t.
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Fig. 4. Infectious X[4RV and antiMies to X]trlRV in CtS patient p{asma, h)
Ptasmr from CFs patients (laner 1 to 6) were In(ubabd witfi INGP (etls and
lystes were prepared.atbr rll passageg. \/lra[ prolein erpresrion mr detected
by Westem btos wittr rat mAb to sFFV Env (bp pane0 or goat antlserum to MLV
p30 Gag Oottom paneD. lane 7, uninleded INGB lane 8, sFl-lnfeded HCtr

lysalet of aclivated PBMCs frcm healthy dono6 (tanes l, Z, 4, 5, and 7) or
trom CF5 patients (tan€i 3 and 6) were analyzed by Western blot5 using rat
mAb to SFFV Env (top paneO or goat antisrum to Ml.V p30 Gag Oottom
paneu. Lane 8, StFv-infected HO-57 cetts. Motecular weight (MW) mrrkss
in kitodaltons are at left (D) CD4' I cetb (tet0 or CD19' I cetls (righ0 were
purified, activated, and eEmined by llil cytometry for y\MRV Gag with a
mAb io MIV p30 Gag.

品
緋蝉朧1躙麟』欄脚即

餞 蝠婁  黎朧

Normal Controlg

Fig. 1. XMRV sEuses in PBMC DM from CF5 patien8. Singt*round plRtesulBlot gog, ilv, a^d gqdh
sqwn(es in PBMG of (Al CFS patien6 and (B) healthy controb are shown. The positions of ge amplicons are
indi@ted and DM rurketr ftadder) are Jhom. Thes€ are repre*ntrtiw resutts frcm one group ol ZO pafpnt.

，
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Fig. 2. Erpnssion of XMRV proteinr in PBMCS fmm CFS patienti. (N PBMCT

were actiEted with phytohemaggtutinin and interluhn-Z, readed with a

mAb to MtV p3O 6ag, and analyzed by lFC. (B) Lysats of adivated PBMCS

from CFS patients (tanes I to 5) were anatyzed by Westem btoa with rat mAb

to 5FtV Env ftop pane0, goat antiserum to xenotropic MLV (middle paneD, or
gGt antisrum io MLV p30 Gng $ottom pane0, lane 7, lyste trom sFFV.
infeded HCD-57 cetls, Molecularweight markers in kilodattonr are at left, (O
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Failure to Detect the Novel Retrovirus XMRV in Chronic
Fatigue Syndrome
otto Erlwcinr, Stcve Kayel, Myra o. M<clurel', Jonathan weberl, cllll.n Wilkr, Davld colllcr2, slmon
Wesrelt', Anthony Cleare3
1 Jeffsist R.s..rch Trun lrbor.tod.t S.dion of lnfdlous otsseei, WighcFl€mlng hnnut., Frculty ofMedldn€, tmFi.l Coll.g. tondotr St M6ry'r Campui, Nodoll
Pla6q tondon, Unlt.d Kngdom, :Sod.l 6e^eti< and D.veloph?nt.l Prtrht.try Cenvq Inltitut. of Prycht.iry fitng'l Colbg? london) Dc Cfcrpigny p.rk Olnma* Hill

London. Unlted Kngdom, lDGtsnh.nt of PsKhologic.l M.diclnc, Innirut! of Psychlatry, Xingl Collq. London, Caftb.rw.ll, tondon, Unt.d Khgdon

Ab5tract

*a<kground:ln O.tober 2OO9 it was reported that 68 of 1 01 patlents with chronic fadgue syndrcme (CFS) In the US were infected
with a novel gamma ret@irus, xenotropic murine leuhemia virus-related virus (XMM, a vlrus prcviously linked to prostate
cancer. Thls findlng, ifconfimed, would have a profound effect on the understanding and treatment ofan incapacitatlng diseas
affectlng millions worldwide. We have investigatqj CFS suffereE in the UK to determine if they are cafiiers of XMRV.

MethodologiPalients in our CFS cohort had undergone medical screenlng to exclude detectable organlc illness and met
the COC critetia for CFS. DNA enracted from blood samples of 1 86 CFS patients were screened for XMRV Drovirus and for
the closely related murlne leukaemia virus by nested PCR using speclfic oligonucleotide prlmers, To control for the integrity
of the DNA, the cellular beta-globln gene was amplified. Negatlve controls (water) and a po5itive control (XMRV Infectious
molecular clone DNA) were included. While the beta-globln gene was amplifled in all I 86 samples, nelther XMRV nor MLV
sequences were detected,

Cilduslon:XMRV or MLV sequences were not amplified from DNA orlginaling from CFS patlents In the UK. Although we
found no €videKe that XMRV is associated wlth CFS in the UK thi5 may be a result ot populatlon differences between North
America and Europe regardlng the general prevalence of XMRV infection, and mlght also explaln the fact that two U5
groups found XMRV In prostate cancer tlssue, whlle two European studles dld not.

Clatlonr Etu.in O, K.y. S, kcluc MO, Weber J, wilh G,.t al, (2010) F.ilure ro Dere( !hc Novel R€rovku3 XMRV in Chronic F.ilgu. syndrom!. Pl-oS ONE 5{1):
.S19. doil 0.1 17l4oum.lponeoo851 9

Ednor Dougl.t F. Nlron, Univ.Elry of C.llfornia San Francisco, Unted Statlr of Amed<.

nrdwd Oe(embd l, 2O9; Ac<.pt.d hc.mber 4, 2OO9; Pcbllth.d Jrnu.ry 6 2OIO

(opyrltht! O 2010 Edw.ln d .1. nb h .n oFn-.<.s! .nicle dBglblted undd th. remr of the Crearive Commonr Awibutbn Uc€n5e, which pdmlts
unrestid.d uJC. dlstdbuilon, snd nprodudbn in .ny m.dium, provld€d the oilgin.l .uthor and eur<! .rc (rcdlied.

Fundlng: AC DC .nd 5W ara p.dl.lly funded by th! Sooth London .nd Maudd4 NHS Foundrilon Trusvlnfhute of Plychlatry N.don.l tnstitut. of Health
Slosldol Rs.*h Cmlre,Thr lr.m from lmp€d.l Colkg. li 96tclul for supFn from th. NIHR Eiomedicl R.r..rch Cenr. tundlng s<h!me. ft. fund.E had
no Dl. ln iludy d.iloo drtr @ll6lon .hd .n.trh, d.cblon ro publirh, or prcp.rdrion of th! mrnur<dpt.
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that XMRV is not a laboratory contamlnant,as is oacn dle casc

wih daims or new retr6wiral associations● th discasc lt sharcs
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An association between XMRV and Prcstatc cancer was
stcngthcned with thc demons● atお n of XMRV prclteh exPres‐

slon in mallgnaht cpithdial cdb 141 HoweVCr,thcsc rcsulも have
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not bccn duplicatcd in sudies conductcd in Europc [5-7]. Bot]r
prosbtc catrccr md CFS have becn linkcd to o Alg to Gln
mutation at codon 462 8462q) in the RNucL gcne, a
intcrfotjn-induccd ribonucleasc [8]. On activation, RNacL
dcstoys singlc stddcd celluld ud viral RNA, thcrcby
prwting viral repliaion, blocking protcin syirtlrcsis, niggcring
cellulc apoptosis md providing an imatc aoti-viral rcsporoc,
Thc vo US *udics ae of intcr.st, not only because this rculd bc
a funhcr cxmplc of a virus *sociation with canccr, but bccause
thcy rcprcscnt thc first demonstration of a gamma-rctrovirus ablc
to infcct human cclls, ovcr-riding thc inttinsic immune
mcchanims that werc bclicvcd to protcct humans frcm MLV
infcction.

Thc XMRV sequenccs dcrivcd from prcsatc cuccr tissue arc
idential to thosc frcm CFS paticn$, but diffcr from xcnotrcpic
MLV scqucnccs, endorsing a grnuinc cross-spccics tmmision,
Howocr, thc claim that XMRV is prcfcrotially fouud in prcstatc
tumom from paticnts homozygous for thc Ra62qwidt [3] is

not bome out by thc sc@nd prGtatc cancc! study to fsd )gv{RV
in paticnre [4] , nor w thc genctic wiant detcctcd in CFS
paticnt carrying XMRV [5].

Thc Gnding of lamba:di et al, of a 67o/o XMRV infcction ratc
mong CIS paticnts, if mnfmcd, would havc a scriou imprct on
undcrstdding thc padrogcnois of this complex aod dcbilitating
dieoc and its trcamcnt. Thcrcforc, it wa important to dctminc
if CFS suffcrcrs in dlc UK wcrc qnicn of XMRV. Wc baw
scrccncd DNA cxtncu from thc blood of CIS sufrqen by 'PCRs

tsgeEd at an XMRV-spccific *qume and at a scqucn@
conscred mongst m@t mudnc rctoviruc (MRv),

Methods

Patients
All paticnr gavc wincn infomcd omot for the usc of thcir

DNA to t6t actiological thcorics of CFS, ud the sudy wa
apprcvcd by drc South London ad Maudslcy NHS Trst Eddq
Comittee. Thc sudy rccruitd 186 paticns (620/o icmale, age

rogc l9-70, mcu 39.6tll.3ycan) from comccutive rcfcrals to
thc CFS clinic at King\ Collcg. Hospital, bndon. AII patists
had mdcrgone medical soccning to qcludc dctcdsblc orgeic
ilncss, including a minimum of physical cumination, urinalpir,
full blood count, urea ud elccmlytcs, thyroid function tcsa, [ver
function tcsts, 9 a.m. cortisol md ESR, Patients wcre intwicrcd
using a scmi'structurcd incrvicw for CFS [9] to dchmine
whether thcy met intcmational corocnsu critcria for CFS. All
subjecr mct thc CDC critcria [9]; paticnr with the Fu.kuda"

spccificd exclusionary psychiatric disordcn, o! somatistion
disordcr (o pcr DSM.IV), werc not indudcd. Thc patient sa
studied is a well-chdacteriscd and rcprcentativc smple of CFS
paticnr who havc becn dcscribed prcviowly: all wcrc rcutinc
ilinic attcndecs, refcrcd within thc UK Natioml Hcalth Scruice,
who had talen pat in prior rtudia ofncuroodcrinc functioning
I l] andlor of cognitivc bchaviou thcapy 02]. As is typiol of
the paticna secn in this tertiary carc ccntrc, thcy wcre makcdly
unwU. Fcw wcre worlin& ed 19% wcrc mcmbcn of paticnt
suppon groups lor CFS/ME 0 2- 1 41 . Thc lwelg of fatiguc in this
samplc wrc high (mean Chalda Fatiguc Scalc, 26.315.4) [5], a
wcrc l*cls of disability (nca Wok ud Social Adjusmcnt Scalc,

totd s@rc 28.247.2) pQ. The mcu GHQI2 scorc [7] was

19.718.1. Patients had bccn mwcll for a mcdian of 4.0 y (roge
l-28 y). Of notc wa that 45% said their illncss dcfmitcly rdatcd
to a viral illn6s od 4570 siid it hight rclatc to a viral illnc$,
Ovaall, wc concludc that this samplc i, tpical of CFS paticht!
secn in spccialist clinical scryice in thc UK. We alro knw from
collaborative studiq that our paticnts Bchblc those sccn in othcr
spccia.list CFS scruices in tbc Unitcd Sato and Australia [8].

PCR dcrcctioo of )OvtRV ud MLV rcquoer. DNA ws
ds&bd from EDTA wholc blood uling a stadad phcnol-bred
organic deprotciniution proedurc [9]. DNA concenEations
were detemincd by absorbacc at 260 nm (A266). Erb ruplc
wa mplified in thtcc ncsted PCRs wing prirircn td3rtcd to u
XMRV-specific scquencc, to a equcn@ @ucwed mongst most
MLV od, e a coDtol for wplc addition ud PCR-hhibition, to
a humu bcta-globin (hBG) rcqucnce (fablc 1). Erch int-round
rerction w* pcrfomcd in a 25 gl volmc @ntaining 0.5 units
TaqGold (Applicd BioSystms, Warington, UK), I x TaqGold
rcrction bu(Icr (Applicd BioSy*cms), 1.5 trlJ\4 Mg'+, 200 rlI\,I
cach dNTP, 2.5 pmol cach primcr to whicl 5 d DNA dr&t or
cortrol was added. Reaction conditioro rcrc one cycle of94'C, 8
minut*, 35 cycles of94'C 30 sc@nds, 55"C 30 seconds, 72'C 30
scconds ad onc cyclc 0f 72'C, 7 minute, Sccond roud rcadion
mircs wcrc idcntiel r thc first ound od thc ramplc wa a I pl
trasfcr frcm the first round rcrctiou. Sccond round raction
conditions wcrc a for thc frs oud ovcr 30 cyclcs. PCR
upliom wcre visualiscd on a I % aguoc gpl ltaincd with

'.:@J.: tuos ore I M.pto'ne.ors

roo"a qrlo!1. e$Tg1e,Uqc<inr.fi, igi.i:i,",t fJr.6tl rlt

nse6. lnnlr 5' ACAGAAGAACA CUAAC STC !' 56gr
iery;a"qrpi,i.a1$lt #*ti.ffit#df trdrt#+iF.'i1.714,
R*rs our.r 5' CATCAMCAGGGTGGqCTG t' !I7$!laor
ro*irrn*rs,AG^qcrlihc-cpiiircgtlr.,r;iir-+iro:,
R*'re hEr 5' GGTGGAGTCT(AGGCTGA^A !' !062-3m'
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cthidium bromidc, Each PCR run consistcd <if rcst rmples, rix
ncgative (mtcr) ad mo positive contols. Thc poritivc enrol
wo a dilution of . plemid with a firll.logth )OvlRV (irolatc
VP62) iNrt, gcncowly giftcd by Dr R. Siheru To validatc
thc scuitivity of thc PCR, u cnd-point dilutio of thc plmid m
pcrfomcd. To dctminc spcciEcity of thc PCR, r nmplc of
huma DNA from thc LNCaP pmstat mccr ccll linc (Aroicarr
Typc Culturc Collccion, codc CRLl7,l0) wo uplificd with thc
XMRV ud MLV primcr scr. To cnsw intcgrity of thc DNA
*ret!, thEc rudomly sclccrcd suplo wcrc dedtd o qd-
point using thc hBG PCR rc dcminc if tbc PCR opy nmba
equatcd with thc A25q. To dctcminc if thc DNA cxtnict! qhibhcd
low l*l non-spccifrc inhibitiqn of PCR, l0 umplc wcrc
subjcctcd to 30 cycle ofthc 6nt roud hBG PCR (rcaction mix
od conditioru d abwc) follwcd by ,$ cyclcr of a aetcd rcal-
timc SYBR-gm PCR *ing tbc SYBR-grco FUt PCR kit
(Rochc, Irre UK) ccording o the mufactuo'r insructions,

R€sults

Nested PCR Validation
B*d on A25q of thc puificd plamid, both primcr rcu

frMRV, MLV)wcrc ablc to mpli$ a singlc tdgct copy addcd to
thc rcrction. Ampli6carion of 600 ng of LNCaP ccllulu DNA
added to XMRV and MLV PCRs yicldcd no rcn-rpeifc'bmdr
whcn ,viwcd on an cthidiu brmidc*taincd .agmc gcl.

Qpmtification of DNA sampler frcm thrcc mdonly *lcctcd
tcst lmpld by cnd-point dilution PCR with thc hBG p.rircr *t
showcd concurcncc of thc PCR-dctmincd copy nuba with
A25e, thus indicating integrity of $c DNA prepmtioro. Nqtcd
real-timc amplifietiol of I0 smplo rhowcd no widcne of non-
sprcilic inhibition a dctemincd by thc rlope of thc mplifration
cwo and thc bcight of thc signal platcau.

PCi Analysis of Test Samples
Irput DNA rugrd &o t0 to 600 ng (l.6x lot to l,l x tO! @I

cquivdon) a dctmincd \ A26 of whidr l4{l spls had u
input of >100 ng ad 106 wplq )200 ng Norc of thc 186 tot
mple andpcd yicl&d a rpcciEc PCR producr udr cithq thc
XMRV orMLV prima sct! ud no rcn-pccific PGR prodwu re
obwd A qccift hBG pmdwt w8 mplifrcd fiu dl 186 tot
sople. Thc pocitiw contsol w anpliGcd in inch u by thc

lr14321:=|
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_196bp~126bp

Flgsr l. PCR prcdu<b of th. XMRV VP62 <lon.. Primers..re
generl( to MLV (lanei I rnd 2) or speciflc ro XMRV (lrner 4 .nd 5). The
siles ofthe resp<tive fyagmont! are shown. Laire 3-200 bp mole(ulal
slze ladder.
doi:l 0,1 37 1/journal.pone.000851 9.9001

XMRV md MLV primq sB. A staincd gcl of the XMRV and MLV
PCR producr is shom in figw I md a rcprcscnbtivc smplc of our
rculr with CFS DNA od MLV primcn is shom in 6gure 2.

Dlscusslon

Unlikc the study of lombadi ct aL, we have failcd to dcrat
XMRV or closcly relatcd MRV provinl DNA scqucnccs ir uy
smplc from CFS a*r. Thcre havc bccn numerous claims for a
infcctivc aetiologyto CFS over the ycan, not l.atbccausc, a in this
samplc, many paticnb rcporl that thcir symptoms wcrc tigtcrcd by
m inGctivc cpilodc. Pro6pcctirc epidcmiological studics haw
confimcd that cc&in infcctive agcnt, for exmplc Epstein Bur
virus, dc uncquiv*ally uciatcd wirh subscqucnt CFS 1201, *cn
if thc mcclmisms rc unclcd ud alrnost c.naiDly multi factorial.
Ncarly two dccadct ago, scqucnccs from anothcr rctrovirus, thc
human T-lymphoedpic vilus typc ll, wcrc mplificd from thc
PBMCs of l0/12 (830/4 adu.lt dd l3118 paediatric CFS paticns,
but not from healthy concol subjccr [21]- Hmvcr, subsequcnt
studies cuicd out on rmall uumben (20-30) ofCFS paticnc, failcd
to conlim cvidcncc for HTLV (typc I or I l) [22-25] or other
rebvinscs, including thc closcly-rclaed simian T lymphotrcpic
virus q?e l, thc protot'?c fouy virus, simian rcrovirus, bovine md
fcl.inc lcukamia virurcs [96] and HIV-I [23].

Thc Lombardi papcr ir the fint to study a signficandy largcr
numbcr ofpeoplc tha that in any pr@ious study md to dctcct a
virus ody rccndy dbc@cr.d. Our study resembles that of
lFmbadi ,t al. in ccrtain rcspccB. Borh studies usc the widcly
tccptcd 1994 clinicai cu dcfinition of CFSru. lombadi rt ol
rcportcd that thcir cas! "prcsentcd witlt scvcrc disability" ed rc
provide quutifiablc cvidcncc confiming high lcvcls of disability in
our rubjccu. Our rubjccr wcrc also typical of thosc scd in
sccondary ud tcniery cac in othcr ccntrcs.
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XMRV and CFs

flgun 2, N.d.d PCR trcm th. DNA ot E CFS p.tl.ntr, Produc,
of generic |VLVprimers (in<ludlng XMRV) are jhown. Lanei l-E, CFS
patlent DNA (2d round); laner 9 and lO, XMRV 2'c round and I't round
pgsitlve <ontroli lanes 1l .nd 12, DNA gf unlnfected (ell line LNCaP:
lanet l3-18, water aontrolt.
doi:l 0.1 37 1 /journal.pone.Oo085 1 9,9002

Qur own study also diffcn from that of lpmbardi in othcr
r.spcc6. Findy, thc PCR opcrator ms blindcd to thc prcvcnancc
of thc DNA smplcs. In fact, with the cxccptiot of thc PCR
conrols, a! 186 DNA tcst sepl$ originatcd from CFS paticnr.
Carc Ms talcn to grow the XMRV pl*mid in a laboratory in
wNch no MLV had bccn cu.lturcd md no MLV vectors used and
tlc PCR wa cdricd out in a CPA-accrcditrd Molccular
Diagnostic Unit which proccsses only humu tissuc. Multiplc
(six) watcr (ncgalive) contrdls wcrc itcludcd in cvery run to dctcct
iow lcvel coraDinatioa and a PCR to ampli! a scquene that is
consewcd in most murinc lau-kacmia viruss wo includcd in ordcr
to cxposc my circulating MLV contamination ad to detcct ey
variot of XMRV that might bc circulating in thc UK CFS
popu.lation.

Bascd on our molecula dau, wc do not sharc the conviction
that XMRV may be a contributory factor in thc pathogcneis of
CFS, at lcast in thc U.K.
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Replication ofthese results ud the possible identifia-
tim of roles for XMRV in the aetiology of prostate en-
cer and/or CFS would be of great medical significance.
Detection of XMRV might provide potentially useful
diagnostic tools and might also suggest therapeutic ave-
nues for treatment. Further, widespread distribution of a

potentially pathogenic virus would have important
implications conceriing its role as a co-factoi ln other
conditions and in the safety of the blood supply. We
th€refore set out to investigate the distribution of
XMRV in UK CFS padents, using PCR to seuch for the
presence of XMRV DNA and neutralisation assays to
detect an anii-XMRV immune response. In this study
we did not find any association between XMRV lnfec-
tion ud CFS.

Methods
Sample coll{tlon
Samples from tlre following three centres were test€d; St

Georgels University of London (SGUI), Barts and the
London Hospital Trust (BLT) and Glasgow Caledonian
University (GC).

The SGUL cohort comprised 142 adult CFS patients
and 157 healthy blood donors. Both groups were aged
between 18 and 65, and the male to female ratios were
45:97 (CFS) and 43;Il4 (blood donors), At the tirn€ of
sampling, 2003-2008, blood was collected into three
tubes (an EDTA blood tube for DNA preparation; a

Paxgene tube for RNA prepuation and a plain tube for
serum preparation from clotted blood). CFS patients
were recruited ftom clinics ln Bristol, Dorset, London,
Birmingham, Norfolk and Epsom, and all patients ful-
filled diagnostic aiteria of Fukuda et al. [9]. Blood ram-
ples were taken between 1.5 and 4 years following
diagnosis. Healthy normal blood donors were enroll€d
from the National Blood Service (NBS), in Dorset, UK.
All sub.iects provided informed consent, md these stu-
dies were approved by Wandsworth Research Ethics
Committee, St George's Hospttal, Cranmer Terrace,
London SW17 ORE.

The BLT cohort comprised 226 anonymised serum
sampl€s taken in 2008-2009 (57 from the antenatal
clinic; 58 with haematologiel disorders; 55 liver padents
and 56 from the renal clinic), Clotted blood was sepa-
rated by centiifugation, and the serum supematant wes
removed, stored at -20'C and defrosted once. Ethical
approval for the use of these samples for assay develop-
ment was issued by UCLH NHS trust and adopted by
chairman's action at BLT.

The GC cohort comprised 28 CFS patients (20 sera
and 8 plasma samples) and 12 controls (8 sera and 4
plasma samples) from the West of Scotland catchment
uea. CFS patients were aged between 28 and 79, with a
male to female ratio of l6;12, Samples were collected
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between 1995 and 2003. Controls weie aged, between 23
md 53, with a male to female mtio of 7:5. Samplc were
collected between 2002 nd 2004, Some controls were
relatives of the patiente, and some were hospital staff
volunteers. All patients met the Fukuda crtteria (9),
Ethical permission for blood samples to be analysed for
the presence ofviruses wu gmnted by Southern General
Hospital NHS Trust Local Ethics Committee,

PCR

Genomic (g)DNA was prepared from PBMC ftom SGUL
patients and controls using the QlAamp DNA mini kit
(Qiagen) and amplified using the RepliG Ultrafast Mini
Kit (Qiagen), which provides highly uniform mpliffcation
ofall sequences, with negligible sequence blas, The con-
centrations after ampliffcation ranged from 108 - 585 ngl
pl. Initially, 48 CFS patient gDNA samples were screened
by single-round lCR for gag and env genes, as well as

GAPDH, u outlined by LombardJ et al. l8l (Table r), This
PCR ms performed in a 50 p reaction volume consisting
of 25 Fl amplitaq gold PCR mastermix and a final DNA
concentration of 2-5 nglpl, Cycling was modified ag

appropriate to our mastermix; 95'C for 5 min, (95'C foi
30 sec, 57'C for 30 sec, and 72'C for 50 sec) for 45 cycles,
hoLd at72'C for 7 min, store at 4'C Producb nare vlsua-
lized on 3% agaree gelo by ethidtum bromlde cahlng, As
we did not mplify any prcduds udng this PC& w? da,el-
oped two more sensitlrrc real-time qPCR urayl whfctrtar-
geted 2 regions of the ezv gene, beginning et nt 6179 and

T!bl. I Prlm.r r.qusx.3 usrd In XMnv{pcdffc PCfu

Sequcncc Rererme

been identified within the mouse genome [4]. More
recently, additional groups of samples from patients
with prost-ate cancer have been examined for the pre-
sence of XMRV with both positive [5] and negative [6,7]
rcults.

Very recently, a paper reporting the PCR detection of
XMRV in PBMC ftom 68/101 patients with chronic fati
gue syndrome (CFS) has been published [8], Replicating
virus could be isolated from stimulated PBMC with
sequences almost, but not quite identical to th€ viruses
isolated from prostate encer patients. Providing appar-
ently compelling evidence against the posslbility of
Iaboratory contamination, a number of the patients were
shown to have mounted an immune response against
XMRV. Interestingly, around 4% of control patients
appeared to harbour the virus [8].

419F gag

'154R gag

5922F env

6273R env

hGAPDH 66F

hGAPOH‐291R

GAAGGTGAAGGTCGGAGTC

CAACATGGTGATGGGATITC

ATCAmAACCTACCCGAGTCG6AC   LombardI
et at 2009

GCCCCCTCrTcFCAICrrCT    Lombadi
et a1 2009

GCTAATCCTACCTCCCTCCTGG  i   Lombardi
et 11 2009

Lombardl
et a1 2009

Lombardi
et at 2009

Lombardi
et at 2009

Rea卜ume PcR

御73 env F   GGCATACTGGAAGCCATCATCATC

6'73 env R     cCrGACCCITACCAGTHCC

61ン 3 env probe  ATCGGACCTAATrrCC

“

82 env F   Gて CTGCCTGTGTCTAGTATCG

6682 env R    ccAGAGGTATGGITGGAGTAAGTAC

6682 env probe  ACGGCCACCCCITCGT

Absence of xenotropic murine leukaemia virus-
related virus in UK patients with chronic fatigue
syndrome
Haniet cT Groomr, Virginie c Boucheritr, Kerry Makinson2, Edward Randal2, sarah Baptista2, suzanne Hagan3,
John W Gow3, Frank M Mattesa, ludith Breuers, Jonathan R Ken2, Jonathan p Stoyer, lGte N gishoor'

Abstract

Background: Detection of a retrovirus, xenotropic murine leukaemia virus+elated virus (XMM, has recently been
reported in 67% of patients with chronic fatigue syndrome. We have studied a total of i70 samples from chronic
fatigue syndrome patients from two UK cohons and 395 controls for evidence ofXMRr' infection by looking either
for the presence of viral nucleic acids using quantitative PCR (limit of detection <16 viral copies) or for tne
presence of serological responses using a virus neutralisation assay.

Results: We have not identified XMRV DNA in any samples by PCR (0/299). Some serum samples showed XMRV
neutralising activity (261565) but only one of these positive sera came from a CFS pntient. Most of the posrrrve sera
were also able to neutralise MLV particles pseudotyped with envelope proteins from other viruses, including
veslcular stomatitis virus, indicating significant cross-reactivity in serological responses. Four positive samples were
specific for XMM
Concluslons: No association between XMRV infection and CFS was observed ln the samples tested, either by pCR

or serological methodologies. The non-specific neutralisation observed in multiple serum samples suggests that it
is unlikely that these responses were elicited by XMRV and highlights the danger of over-estimating XMRV
frequenry based on serological assays. In spite of this, we believe that the detection of neutralising activity that did
not inhibit VSV-G pseudotyped MLV in at least four human serum samples indicates that XMRV infection may
occur in the general population, although with currently uncertain outcomes. '

Eackground
ln 2006, pursuing a link between prostate cancer md m
inherited mutation in the RNASEL gene, Urisman and
colleagues identilied a novel gammaretrovirus [l]. Using
PCR methodology, this virus was shom to be present in
9/86 (f0%) prostate tumours examlned. It showed close
sequence similarity to xenotropic murine endogenous
retrovirus elements and was thus named xenotropic
nurine leukaemia virus related virus (XMRV). A subse-
quent study demonstrated receptor usage typical of
murine x€notropic virus [2]. Phylogenetic anallses place
XMRV firmly within the murine endogenous retro-
viruses [3] even though no identical element has so far
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6682, respectively (Table 1). These were used to screen
samples of gDNA (prepred from PBMO or cDNA (pre-
pued from tota.l RNA extracted using the Pugene system
from Preanalytix, UK) from CFS and normal blood
donors. In total, 136 CFS gDNA md 1,lO CFS cDNA sam-
ples and 95 con$ol gDNA and 141 control cDNA samples
were analysed, such that all 142 CFS patients and 157
blood donors were screned for XMRV using t}ese assap
in either genomic DNA, cDNA or both. GAPDH was also
amplified as a control using. a commercial primer and
probe set (Hs_99999905_mI from Applied Biosystems).
Real-time qPCR reactions were performed in 10 pl total
volume, consisting of5 FI PCR mastermix,0.5 gl (20x)
Taqman primere/probe mix 4,5 gl smple (for gDNA, f gl
gDNA (f00-590 ng) and 3.5 pl DEPC-treated water
(Ambion); for cDNA,4.5 pl cDNA). Cycling times and
temperatures were as follows. Initial denaturation
occurred for l0 min at 95'C, followed by 40 cycles of
denatuntion at 95'C for 15 sec and combined primer
annealing/extension at 50'C for I min. Data were dis-
played using SDS 1,3.1 softwue (ABI).

Plarmlds
VP62 XMRV clone was a gift of Robert Silverman [2].
HGI is a replication-incompetent XMRV clone con-
structed by site-directed mutagenesis ofVP52 (the packa-
ging signal wm removed by deleting nucleotides 293-388,
as numbered in GenBank EF185282: and nucleotides
772O-9L08 were replaced by a BsrGl site to remove the
U3 region). Moloney.MLV Gag-Pol was expressed hom
KB4, a vector synthesized by cloning the gag-pol region
from pMD-MLV GagPol [10] into pcDNA3.l. Viral
genomic RNA was expressed from an MlV-based retro-
viral vector encoding B-galactosidase (LTR-LacZ [10]),
and envelope proteins were encoded by constructs for
eith€r NZB xenotropic envelope, MLV(X) (a gift of Mas.
simo Pizzato), Moloney-MLV env (MOSAF, a gift of
Yasu Takeuchi), Friend-MLV env [10], or the G-protein
from vesicular stomatitis virus (VSV-C) U1l.

Viru5 productlon

Replication defective XMRV virus was prepared for neu-
tralisation assays by co-transfecting 293T cells with
HGI and LTR-LacZ. Pseudotiped MLV was prepared
by co-transfecting 293T cells with KB4, LTR-LacZ and
an envelope-encoding plasmid (either MLV(X), MOSAF,
Friend or VSV-G). After -18 hours, cells were washed,

and fresh media was added for a further -24 hours,
before viral supernatants were haryested, filtered, and
the viral titre was measured by ELISA for RT activity
(Cavldi tech). Viral stocks were titrated on DI7 cells, m
established, easily infectable dog cell line, or NIH'3T3
cells for Friend- rnd Moloney- pseudotlped MLV. After
48 hours; the cells were assayed for B-galactosidase
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activity using the Galacto-Star system (Applied Biosys-
tems). The amount ofvirus to be used in the neutralisa-
tion assays was determined as the volume of
supernatant added to 3.5 x 103 cells that resulted in -4
x lOa counts per second of chemiluminescence.

Neutralisatlon assays

Neutralisation assays were performed as reported in
[12], Monoclonal antibodies to MLV Env proteins
(shown in Table 2) were gifts from Leonud Evans and
have been predously described [13,14]. They were pro-
vided and used as untreated hybridoma cell superna-
tuts that were serially diluted two-fold before adding to
virus to assess neutraliEatlon sctivity as fot serum,
detailed below. Serum samples were heat lnactivated at
56'C for 30 min, 5 pl serum were then added to 95 pl
media in a 96-well tissue culture plate, and samples
were serially dilut€d two-fold, leaving 50 pl at each dilu-
tion. 50 Fl virus-containing supernatant were then
added to each well, md the plate was incubated at 37'C
for l-hour. Following incubation, 100 Fl containlng 3.5
x l0' DI7 cells (or NIH-3T3 cells for Friend or Molo-
ney-MLV neutralisation) were added to each well, and
the plate ms incubated at 37'C. After 48 hours the cells
were lysed, and p-galactosidase activity was measured.
Infectivity corresponded to counts per second of
chemiluninescence.

Results
PCR screening
Lombardi et al, have reently detected XMRV DNA in '

67% of CFS palients by PCR [8], To confirm an msocia-
tion of XMRV with this disease, we performed PCR for
gag, env nd GAPDH on 48 (of 142) CFS patient gDNA
samples from SGUL using the previously published

T!bl€ 2 Neutr.lis.tlon properti$ ot dlfferent monoclonal
rDtibodisi .g.inrt XMRV .nd MLV pseudotyped wlth
thrce dlffetent envelop€s.

Hybridomar Ralsed in lsotype XMFIV MLV{X) Friend Moloney

83A25

24‐ 7

538

609

610

613

615

Rat      9G2A  Y 188i  Y(♂

"   ND    NDMouse   gMK    N    N    ND    ND
MOuse   gG2A   N    N   Y 195) Y(83)

Mouse   9M    N    N    N   Y(63)
Mouse  9M    N  Y 196)  N    ND
MOuse   gM   Y(71)  N    ND    ND
MOuse  tM   N  Y(64) ND  ND
■OuSe   9M    N   Y ol)  ND    ND
Mouse   9M    N    N    ND    ND

Y Indkat.s neuv.llsatlory N lndl(.te! no neutnlBatto$ NO b not det€mlncd
Th€ numb.r lo bracket5 refe6 to the p€rcs$S n.uraliretlon at tha lea3t
dlluted .ntlbody cotrenv.tion.
I Se€ feferences [13] .nd ll4l for d6cilp6on of hybridom, aell llnct
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single-round PCR methodology (Table 1 and [8]. How-
*er, although all samples were positive for GAPDH, we
found no evidence of XMRV DNA in my of the samples
(data not shown). In case we were missing low lwels of
r4ral DNA, we devised a more sensitive qPCR-based
approach. To test the sensitivity of this m€thod, tripli-
ete, serial l:10 dilutions of VP52 plasmid encoding the
full length XMRV genome were added to PBMC DNA
from a healthy donor and tested by Taqman PCR with
either env 6173 or env 5682 primers (Table 1). All repli-
cates calculated to contain 16 copies of XMRV routinely
yielded a product witlin 37 cycles whereas only one of
three replicates of the next dilution scored posidve (Fig-
ure 1). We concluded that our essay ms capable of reli-
ably detecting as little as 16 copies of proviral DNA and
was therefore likely to be as senritive, if not more so,
than the usays previously used [8]. Ve then tested the
entire SGUL panel of 142 CFS samples and 157 of the
control samples (either gDNA, cDNA or both) with
both env 5173 and env 6682 primers. Although positive
for GAPDH, all samples were negative for XMRV, To
exclude the possibility of speciffc sample-mediated PCR
inhibition, we spiked 3 normal control cDNAs, which
had previouly tested negative for XMRV nucleic acid,

Pagc4ofl0

with XMRV VP52 DNA, to a final conceniration of 2.3
x 10-5 ng/pl and repeated the qPCR using both env
6173 and env 6582 primer sets. We successfully ampli-
fied the VP52 in these reactjons, proving thet the PCR

should have amplified XMRV from the patient samples
if it was prsent.

Neutralisation assays

In light of the negadve data obtained using PCR assaF,
we set out to search for evidence of XMRV infection
using a second method, Vkal infection can elicit a neu-
tralising antibody tesponse [I2]. Demonstration of such
a neutralising actlvity can be taken as evidence for e
viral infection, perhaps in cell types that were not
sampled in blood. Defining neutr'alisstion lc dtfficult in
the absence of known positive md negatlve sera, How-
ever, a numbei of neutralising monoclonal antibodies
directed against the Env protein of rnurlne retroviruses
have been described [13,f4], We therefore obtalned 6ev-

eral of these (gifts of Leonard Evans) and tested them
for neutralisation of XMRV and NZB xenobopic MLV
(X) as well as ecotropic Frlend and Moloney MLV
(Table 2) by essalng for a reduction in virus infectivity
following incubation of virus-containing supernatant

Rn
(m€asure
of raporler

signal)

1 ! 3 4 5 I r, e ro1illt3la15l01rrtrc!021222x7a7a 1a2t282930n32133a33S!l3a3aaO

Cycle number

Flgsr. 1 Scnsitlvlty of PCR s<rcnlng for XMRV In PBMC DNA. VP62 plasmid wa5 serlally dilured 1:10 Into PBMC DNA.from a healthy donor
and tetted by Ttqman PCR with env 6173 primeE and probe. The final amounr of VP62 DNA h the readlon was A Z3 x l0r n9, 8, 23 x l0r
ng, C, 2.3 x lo' ng, D, 2.3 x lo'e ng, E, 23 x tO6 ng, F, 2.3 x 107 ng or G, 2.3 x 10'8 ng. The ltmit of senstrivtty was 23 x tor n! (shown by
trace D which eostes to 16 molecul.s of VP62 XMRV clone.
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with the monoclonal antibody. As anticipated, some
monoclonal antibodies were able to neutralise XMRV
(83A25'and 509) whilst others had no effect on XMRV
infectivity. Interestingly, we identified three monoclonal
antibodies that neutralised MLV(X) but not XMRV
(603, 610 and 513) and one that neutralised XMRV but
not MLV(X) (509). These reagents may therefore be
useful tools with which to distinguish XMRV from
other xenotropic MLVs in future investigations. From
these experiments we defined two negative (603 and
513) and one positive (83A25') antibody controls for
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further experiments. To validate the neutralisation assay

md examine the possible range of responses to "normal
serum", we tested neutralisation using a panel of 226
ser!m samples from BLT. Previous investigations have
detected XMRV DNA in -1-6% of control samples

[5,5,8J. Of our panel only a handful showed possible
neutralisation activity, giving curves similar to that
shown in Figure 2A, with reductions in viral infectivity
similar or greater than that seen with the positive con-
trol, monoclonal 83A25'. Over 90% of the samples
tested had less thm a 2-fold effet on infectivlty (Figure
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3A), From these data, we have defined a positive as a

sample that reduces viral infecdvity by at least 70% at a

dilution of 1/40 and gives a reduction of 50% at a 1/80
dilution. According to this definition, the BLT sample ,
set contains 3 neutra.lising sera, identifying 1.3% of sam-
ples as positive.

To confirm that the neutralisation activity demon-
strated was specifrc for XMRV, we tested a subset of sen
for neutralisation of XMRV alongside MLV particles
pseudoqped with different envelope proteins ftom MLV
(X), Friend-MLV or VSV, As shown in Figure 28, of
these four virus prepsations, only XMRV infectMty was

inhibited by any of the sera tested. Even the infectivity of
particles expressing the closely related MLV(X) envelope
that is 94% identical to XMRV was unaffected by sera
that inhibited XMRV (Figure 28, squares). Thus, it seems

that the neutralising activity is specific for XMRV,
We therefore felt this assay was sensitive and specific

enough to examine the neutralising abi.lity of the SGUL
cohort of blinded patient serum samples. After unblind-
ing the samples; it emerged that of the .142 CFS patient
sera tested none was positive as defined by the criteria
above (Figure 3B). These results strggested that there
was no link between XMRV and CFS. By contrast, the
control group of 157 blood donors contained 22
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positives, a frequmcy of l4%, considerably htgher than
that seen in the BLT group (Figure 3C), It was elso
noticeable that tle neutralising activit), of all but one ol
the SGUL positive samples wu much rtronga than the
BLT positive samples (compare Figure 24 with Figure
4A), In facl most of the SGUL poritive sera reduced
XMRV infectivity by 100 fold at both 1/40 and 1/80
dilutions, Intrigulngly, many of these rerum rampl€s
were collected from a single blood donatlon sesslon,
Some smples from this sessio& howwer, were.negadve,

Surprisingly, PCR malyses of DNA sample conespond-
ing to the positlve sera from the SGUL controls were
uniformly negative. We therefore investigated the specl-
ficity of this response by testing 21 of the poEiUve sera
for neutralisation of MLV pseudotyped with the envel-
ope proteins from MLV(X), Friend-MLV or VSV. In
every case, the serum was able to neutnlise additional
viruses to XMRV including particles pseudotyped with
th€ non-retroviral envelope from VSV (Figure 48 and
Table 3). This implied that the strong po8itive neutralls-
ing actlvity demonstrated by the SGUL blood donor
controls was not specific to XMRV and in all likeliness
ws not elicited by thls virus.

To test whether the SGUL cohort of CFi patients was

unique, we also t€sted 40 samples (lncluding rome
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Discussion
We set out with the intention of confirming the results of
Lombardi el al. [8] concerning the association of XMRV
with CFS. In total, we tested 142 CFS samples for both
the presence of XMRV DNA in PBMCs by PCR and for
the presence of neutralising antibodies against XMRV in
our viral neutralisation assay, and a further 28 CFS sam-
ples for neutralising antibodies only, However, in con-
trast to Lombddi €l aJ., we found no evidence of XMRV
DNA in any patient samples tested, and only a single
neutralisation-positive patient serum. Our findings
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Table 3 Neutralisation prcpertler of dlff.rant humil sr!.gdnri XMRV and MLV psrudotyp.d wlth thr!. dlff.r.nt
enwlopcl,

Sample lD

Nrutr.ltgtlon ot
XMRI/ MLV(X) Frlend VSV   XMRV detected by PCR

Barts and the London

Q488

0610

0663

St Ceorge.s un ver"ty OF London

0302

03“

0305

Q3∞

Q30フ

Q308

Q309

Q310

Q311

0312

0313

Q314

0315

0316

Q31フ

0319

Q320

Q32,

Q323

0324

Q326

0372      1

Gbsgow Caendonhn un,verslγ

Q125

ND

ND

ND

N0 N0

ND

+ lndlcat€i neutillring adlvbt * Indl.rtas rtrong nawallrtng .dlvlty; . IndkrEr no nautrallrlng adMt; ND 15 m ddamhcd.

plasma samples as well as sera) from a separate CFS

cohort in our neutralisation assay. This GC cohort
revealed a solitary positive out of 28 CFS samples
(3.6%), and no positives out of t2 control samples. The
positive CFS patient serum was also able to neutralise
MLV pseudot,'ped with eiths MLV(X) or Friend envel-
opes, although interestingly, it was not able to neutralise
VSV-G pseudotyped MLV (Table 3). Neutralisation data

from the different cohorts are summarized in Table 4.

Thus, in summary we found no association of XMRV
with either CFS cohorl

therefore appear inconsistent with the previous report
that isolated XMRV from PBMCs of CFS patients, We
are confident that, although we are unable to replicate
the PCR detection of XMRV in PBMC DNA from CFS
patients, our PCR assay is more sensitive than the pub--
lished single round PCR method and should have pos-
sessed the necesuy sensitivjty to detect XMIV lf it ms
indeed present (Figure 1). Furthermore, we were able to
detect n€utralising activity in one patient and in several
control serum samples (Table 4 and Figure 3), implying
that our neutralisation assay also has the required sens!
tivity. The lack of neutralising activity in CFS samples
compued to controls could reflect m inability to nount
an immune response in tlese patients, However, in that
case, the virus would be expected to replicate to higher
levels in CFS patients making it easier to detect by PCR,
As we could not detect any evidence of XMRV infection
by our PCR assays, we think this is an unlikely

explanation. Thus, in our cohorts,'we fbsd no assocla-
tion of XMRV *'ith CFS. Thic is ln stark contrast to the
result of Lombardi er a/. [8]. Hcrweier, it i8 thought likely
that the term CFS defines multipl€ di*ases [15-1fl, and
it remains formally possible that a fractlon of these are
associated with XMRV. Durlng the submission of this
manuscript another report was pubtished by Erlwein el
d/. that also failed to detect XMRV ln CFS patients by
PCR [18]. The publication ofthese resultr has promoted
much discusslon and controversy amongst CFS research-
ers and patients alike, and has highltghted the need for
additional investigations in this area. Following the find-
ings reported here, it would seem a prudent next step for
subsequent studies to compare samples and protocols
between different laboratorles sound the world.

There have also been confllcting reports describing
the associatlon of XMRV with prostat6 ;ancer, Two stu:
dies from the USA [1,5] have found an.lncreased



Sample cohon Positive Total number
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unable to reliably detect bacterially expressed XMRV
Gag proteins by using these sera in immunoblotting
experiments, It is therefore conceivable that these neu,
tralising activities were not elicited by XMRV. Further
investigations are required to determine the nature of
these mtlvinl activities.

Concluslons
In summary, we have studied 299 DNA samples and
555 serum samples for widence of XMRV infection, We
have not identified XMRV DNA in any samples by PCR,
however, some serum samples were able to neutralise
XMRV infectlvity in our assay. Only one of these posi-
tive sera came from a CFS patient, lmpllng that there
ls no association between XMRY infection aid CFS.
Furtlemore, most of the positive sera were also able to
neutralise MLV particles pseudotyped with other envel-
ope proteins, indlcating there may b€ cross reactivity
with other retroviruses and even other enveloped
viruses, It therefore seems unlikely that these responses
were elicited by XMRV. However, the detection of neu-
tralising activity that did not neutralise VSV-G pseudo-
typed MLV in at least four human sera may indicate
that XMRV infection does occur at in the general popu-
lation, although the outcome of such infections is cur-
rently uncertain.

A<knowl€dgemenb
Thls rcrk was suppo(ed ry lhe UK Medlcal Research Council (flle Eference
{KB) U] 1i592719 and 0$ UI17512710), The Wellcome Trui (gGnt lD
084955) and CFS Rserrch Found8tlon, UK We acknowledge The
Cunningham Tru* for funding to SH. KNB is a Wellcome Tru$ Greer
Developmenl f€llow We thank Ladd Evans for anti-MLV Env hybridoma
eupernatanr5 and Robln Wei55 and Nlgel TemFEnon for helpful ad!4ce abour
neutalisation ars)A, We thank the followlng cllnlclans who pfwided
patients for th€ prerenl stud)4 Dr Selwyn RlchardS Dr Janice Majn, Prof
oavid J Nutt, D oavid HonEtourne, D. Lulr Nacul, Df Arclak Bansl Prof
Peter Eehan and Dr Abhijit Cbudhuri and Ma* Quinlivan for reriwing
snpl€t

Author d.bll5
'oidsion of Virology, MRC National Instirute br M€dical Research, The
Ridgila, Mlll Hlll, London tM7 IAA UK kFS Goup, Divlsron of Cellular &
Molsular M€dlclnq 5t G€orgc's Uniw6lty of Lgndon, CGnmer Te(49
London SWIT oRE, UK 

rThe 
Cenre fo. Forentc lNstigatioo Dept of

Eiologlcal and Ebredid sciences, cl.sgd Gledonian UnlveFlty, Gl.sgow
G 08A, UK'D€p.(ment ofvirology, 8aG nnd Ihe London NHS Trusr, 18

Nryark 5t, Whitsh.pel, Lbndon El 2E UK sDivklon of lnfdlon and
lmmunity, Unirerslty Colleg. London, Windc)€r Buildlng,46 gw€land Si
London WIT 4lF, UK

AulhoB' aontribuilons
JK J5 and KB concelved nnd ddlgned the invetrigrtion. HG and VB cariied
out the sral neuralisation assays and inalysed the data. KM, En" 58 .nd JK
pedormed he PCR anal)Be1 5H, JG FM, JB and JK provided paiient sampls,
JS .nd K8 amly5ed the daE and drafted rhe manu{ript. All authors read
and approved the final manu{ript.

Compdlng Inter€S
The authoE declare thai they have no competing interess

Gt@m et ol, Retwitology 2010,7i1O
hnp//MJetovho logy, com / <ontentl 7 I 1 t I O

R*eived: l1 J.nuary 2010
Accepted: 15 February 2010 publlshedr 15 February 2010

Rafenn<at
1. Urs.n A, Mohnaro RJ, Fi(her N, plunmer 5J, Cdq G, Xle,n iA Malalhl (

Magl{dluzi C, Tubbg Rn, Gnem D, silwrm.n RH, oeRlsl JLi ld€ntlf,otlon
of a ndd Gammnretrovlrus ln prcrtah tsmoE of padenb honqygout
for R4620 RNASEL v.i.nt. PLoS Pothog 2(fi6, 2825.

2. Dong 8, l(im t Hong 5, Da! Gupt. J, M.lalhl K Keln El, Ganem 0,
oedsi JL, Chow 54 Situerman RH: An lnkiow ret@lrur rur<.pdbh ro
an fFN .nttufr.l p.thway from human putatc tunoE, PN Nall A.od yt
UlI 2COZ 101:1655-1660.

3. Jern P, Stoyr JP, Coffrn .JMi Role of APOSEC3 In genetl. dlverlty .mong
endog€noue mudne l€ukemh vlru9e9. PloS 6det 2007,3t201+2022.

4. Coffin JM. Stoye JPr virology. A nfl vlrus for old dk€.Fs?, ki@@ 2009,

326:530-531.

5. schlab.rg & Choe 0J, Brown lG, Thaker HM, 5ln9h lR: XMRV 15 prerert In

malignant prostatl< apithelluh and b asroclated wlth proslate (an<ei
.specially hlgh{6de tumo$, Ptoc Ndtl A.od kl Uy 2(fr9,
r0616351- 6t56.

6. Fl5cher N, Hellwinkel 0, schulz C, Chun F( Hubnd H, Aeplelbacher M,
Schlomm Tr Prevnlence of humrn gammarerrylrug XMRV in sporadic
prostile (an(ei 

"/ C/in yiol 200& 43:277-281.
7. Hohn 0, (raute H, Barbarotto P, Naedersbdl L, Beimforde N, oennd J,

Miller ( Kufth R, 8annefr Ni La(k of sldenaa for xenosoplc mudno
leukemia viru5{elated vkuj UMRV) In Germnn prorbte <anaer padentr,
Renovnabgy 2N9, 6:92.

8. Lomb.rdi VC, Rusceri FW, Das cupt. J, pfo{ MA Hagen K5, Petereon DL,

Rulcefil 5( Bagni RK petow-sadoskl C,6old 8, Dean M, silve,man RH,

h,ll|IoUS JA. Delection ol an Inleclour Retrovlrui. XMRV, ln Bl@d Cells
of Patlenti with Chfonlc F.tlgue sFdfome. ,(/enc. 2009, 326:585,589.

9. Fuklda K Sraur SE, Hiclde l, Sharpe MC. Dobbiru .16, Xom,roff A: The

dronk fatlgue ryndrome: r aomprehanglw .ppfoi(h to lB definitiofi
rnd study. Intern6tlonal Chronl< Fatigue syndromg Study Gfoup, Inn
lnte n Med 1 994, 1 21 :953-959.

10. Mother W Boerger Al. Narayan 5, Cunnlngham.JM. Young .lAi Retrovkal
entry medi.ted by rec.ptd prlmhg and lry pH tdgg€rlng of an
envelope gty(oproteln. C.r/ :mO. 103679689.

I 1. 8o<kil, Blshop KN, TowerS G, Stoy? JP: Urc of r tranrlent a!s.y for
itudylng the glnetk d€tehln.nts of Fvl r6$i<tion..l Wrol 2000,

.7417422-74i0.

lZ Tempe(on Nl, Horchler ( Major D, Nlcolsn C, M.nvell R, Hien VM, Ha

do Q, de Jong M, Znmbon M, Takeuchi Y, Weisr RAj A ren5hiv. retrovlEl
p*udotype arsay for Inflv!na HiNl.neur.ltllng amlboatleg. hnueao
9th.t Re9Mutet 2W7, 1.105-112,

13. Ch€sbro B, Brln W Evans L, Wehrly ( Ni$io J, Cloyd M:.Ch.6d€rlzation
of monfilonal .ntibodles readive wlth mudne leukemla vlrusei: ute in' 
anavsis of {Flnr of Friend MCF and frlerd ecotoplc hurine leukcml!
viru!. Tkology 1983, 127:134148.

14, Evrns l-H, Motrilon Re M.llk FG, Ponir J, Eritr WJ: A neuraliabl€ .pitop.
(ommon to the envelope gly<opDteht of e@t opla, pottroplc,
renotropi<, and amphotopic mudne leukeml. vlruet. J VIol 1,c90,

64:617ffi181.
15. Hickie l, Davenpod T, Vemon 50, Nisnb.um f, neve5 WC, Hldzi-

PavloMc 0, Lloyd Ar Ar€ <hronk frtlgu€ .nd chrcnb f.tlguc ryndrom€
valld clinlc.l €ntlthg .croi! @untdei lnd h..lth-(.re settlngs?.,4url ! Z
J Ptychiotty 2N9, 43t25-35.

16. Kito K sulliv.n PF, Erengard g, Pldqsn NU A population.bared Sln
ltudy of fun<tfonil lomitl< tyndtoiet. Psrlpl Med 2009, 39tr97-505.

17. Ksr J& Petty & Burke 8, Gough J, Flar 0, Slncl.ft Ll, Matey 01, Rtchdds 5C,

Monrgomery J, Ealdwin DA, Kellam P, Hirden TJ, Gflfrn GE, Mdn J,

Enlander 0, Nun D, Holgate ST: Gene lxprcsrlon subtypei ln patl€nB
with <h.onf( f.tlgue lyndrohe/myrlgic aneph.lomyellti6, J lnL.t Dlt
2009 l97J'71- 184

18. Edwein 0, lQye 5, Mcclure MO, We&f J, Wilk 6, Collier D, We$.ly S,

Clearc A: Fiilure to D€t..t ihe Nod nltrwkui XMRV In Chronk tatlg!.
Syndrome, P[oS ONf 2010, 5!8519,

I 9. Roienberg N, .lolicoeur * Retryii.l p.thogemst!. R€rovtureg Cold Spting
Harbor Press, Cold 5pilng H.6or, NYCofin JM, Hugher 5H, v.hus HE

Its7, Chapter 10.175-585

Page l0 of l0

dolJo,l I 85^ 742.669G7{ 0
Clt thl. .rdcL u: G6om d o[ Ab*nc. of rchotrcdc mudn.
l4k.ml. vlrurrel.tld vlru, In UK p.thilr wlth <hronlc htlgu.
tyndrcm., Rattwlaw 2010 7i10.

Submlt your next manustript to SioMed Centrgl
and take full advantage oft

. 6nvsnlent o.lln.,ubml.rloh

. Thoroqgh paar Evbw

. No rpao cost .ln$ or colorflgun cirrrgcr

. lmm.dlat! publlotlon on r(epbn@

. tndu3ls in Psblftd, CAS, Sropur lnd Googlt SahoLr

. Rlj..rch which Ir lrc€ly av.il.bl. tor Edlrt.lbutlon

ii^T.t,frI#:1,fi']*Lo.* Qrueacentnir

Bart5 and the London

Control

51 6eo.9es Unive6ity of London

cFs

Control

Glasgow Caledonian Unlversity

cFs

Conrol

0

22

226

142

157

28

12

prevalence of the virus in prostate cancer patients,
although they differed as to whether this was dependent
on th€ RNASEL genotype of the patient. Conversely,
two German studies failed to establish a link between
the virus and disease [6,7]. Nevertheless, XMRV has
been detected in the contrcfl groups in multiple investi-
gations [5,6,8], with the incidence varying between 1

and 6%. In our serological studies we have also identi-
ffed neutralising activity against XMRV in around 4% of
all the samples examined. Remarkably many (but not
all) of the seropositiv€ samples were identified in a rela'
tively small group of blood donors within the SGUL
cohort, possibly suggesting a local outbreak of lnfection.
There is no evidence that this group are related or that
they have a particularly high risk of acquiring a retro-
viral infection. Therefore, an outbreak of this kind
seems unlikely. Moreover, all but one of the positive
samples from the SGUL iet we tested were also able to
neutralise MLV Feudotyped wlth the envelope protein
from VSV (Table 3). The one serum that failed to neu-
tnlise VSV-G pseudot)'ped MLV was, however, able to
neutrqllse MLV puticles ps€udot)?€d with other retro-
viral envelopes. We therefore consider these positives
from healthy blood donors to bd non-specific cross
reacting respoNes. The remaining four positive samples
from the BLT and GC cohorts had much weaker neu-
tralisation activities md did not neutralise VSV-G pseu-
dotyped MLV, although, again, the positive serum frorn
GC did neutralise particles expressing other retroviral
envelopes (Table 3). Although we cannot rule out the
possibility thst the activity of these samples against
XMRV is also non-specifrc, one possible explanation for
these serological findings remains that XMRV infection
has occurred in around one percent of the population,
This figure is consistent with the general prevalence in
control samples pr*iously reported. Given the common
oncogenic properties of gammaretroviruses [19] md the
reported link between XMRV and prostate cancer [1,5],
such an observetion might be of considerable signifi-
cance, particularly for the blood.transfusion seruices. It
should, however, be noted that we have so far been
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Prevalence of xenotropic murine leukaemia virus-retated
virus in patients with chronic fatigue syndrome in the
Netherlands: retrospective analysis of samples from an
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ABSTRACT

oblectlve The presenc€ ofthe retrovirus xenotropic
murlne leukaemla vlrus{elated virus (XMM has been
reported in peripheral blood mononuclear cells of
patients with chronic fatigue syndrome. Considering the
potentially geat medical and social relevance of guch a

discovery, we investigated whetherthls flnding could be
confirmed in an Independent European cohort ofpatlents
with chrcnlc fatigue syndrome.

Design Analysis of! well defined cohort ofpatlents and

matched neighbourhood controls by polymerase chain
reaction.

Settlng Certified (lS0 15189) lAboratory of clinical
virology in a unlversity hospital ln the Netherlands.

Population Between December 1991 and April 1992,
peripheral blood mononuclear cells were isolated from 76
patients and 69 matched nelghbourhood controls. ln this
study we tested cells from 32 patlents and 43 controls
from whom orlginal cryopreserued phials were still
available.

Main outcome measures oetection ofXMRV in peripheral

blood mononuclearcells by real time polymemse chain
reacti0n assay targeting the XMRV mlegrase gene and/or
a nested polymerase chain reaction assay targeting the
XMRV gog gene.

Results We detected no XMRV seguences in any of the
patients orcontrols In either ofthe assays, in whlch
relevant posltive and negative lsolation controls and
polymerase chain reaction controls were included.
Splking experiments showed that we were able to detect
at least 10 copies ofXMRV sequences per 10' peripheral

blood mononuclear cells by real tlme as well as by nested

polymerase chain reaction, demonstratlng high

sensltlvity of both assays.

Conctusions This study failed to show the presence of
XMSy' in peripheGl blood mononuclear celts of patients

with chronic fatlgue syndrome from a Dutch cohort. These

data cast doubt.on the claim thatXMRVis associated with
chronic fatigue syndrome In the maiority of patients.

INTRODIJCTION

Chronic fatigue syndrome, also nmed myalgic mce-
phalitis, is chuacterised by disabling physical md
mental fatigue, lrofug for at lert six months, witlrout
il appuent physical cause.' 3 The hallmsk of the ill-
ness is debilitating fatigue, but symptoru like myalgia,
disrupted sleep, difficulty witb @ncentration, sore
throat, ud lymphadenopathy may also be presenl
albeit more vuiably. More thu two thirds of patimts
ue women. Although the ause is unknom od tle
illness may cover more lha one entit/, may have
suggesied thal infectiou agents have a role.. Indeed,

. the oirset of chronic fatigue ryndrome ir oftm preceded
by a mte flu-like illness or infectious mononucleosis
with seemingly impaired recovery.s A role of chronic
infection ad chmged imuity hro been postulated.
Most cues of the illnw ae sporadig but some clu-
tered cms have bem desaibed, partioluly suggest:
ing o infectiou cause. However, despite extensive
studies, no eusative infectious agent hro been conclu-
sively identiffed, neither hro m imune defect beq
established to explein tie symptoru.2 6

In a recent publication in ,Saru4 lombudi et al7

reported tlre detection of xmotropic murine leukremia
virus'related virus (XMRV)-a hmm gama reko-
wirus that wo first idmtified in tumour tissue of Datients
with prostate cucqs-in periphaal blood mononuc-
leu cells of patients with chronic fatigue syndrome. In
that study, XMRV m delecled by polymeroe chain
rerction in 670lo of patiab (68 of lOt smples) ud in
40b of healthy individuals (eight of 213 mplo).
Furthemore, utibodies to XMRV were idotiffed in
the blood of patients but not in cmtsols. Lombadi et
d showed tha, XMRVwi infediou md trosnittable
from clinical material of patimts to T cell cuhrs md a

pmissive c€ll line. The gmetic requence of XMRV in
patimts wu ntrly identicd to thatin patimb with Fos-
trte cmer, indi@ting that the identiffed retoviru is a
geuuine humt viru rather tha a moue leuJ<cmia
virus contaninatio[

This reportw considered a mjor scientific break-
through ud atrrcted a lot of attention. However, the
papu fell short in the daaiption of the patiots: what

' w the nature of the cohort, what wro the age ud sex

dirtsibutioq how well rere the conqols matched?
InvstiSation of m indepodent obort is therefore
neessay before a caual usociation between
XMRV infection ud the developmnt of chronic fati'
gue syndrome m be certained. We inv*tigated the
prcmce of XMRV in e well established Dutch cohort
of patients with ctuonic fatigue syndrome uing pre.
viously descdbed real time ud nesled polymerue
chain rerction cmys on two different target gene.t€

METHODS

Pathnt cohort

All patients md cmtrbls emined in this study were
put of a Dutch ohort of 298 patiots, which ho beeq
descibed in detail.torr All patimts of this cohort ftrl-
filled the Odord aiteria ud reported sevele uex-
plained debilitating fatigue of at lerot one yeu in
duration.r2 The medim duation of 6eir slmptoru
% sevm yeus (rmge 2-45 yem). The mrolled
padenb cme to our outpatient clinic twice in a tlre
mmth period. On the second visit, eeh patient was
rccompmied by a neighbourhood ontsol (who ru
selecled by the p*imt) of the me eq od within
two yecs of the sme age. Patimts md controls visited
ou clinicbetweeu Dembc l99l md April 1992. AU
patients undwent e physical exmination u! al
extemive labqaior), work-up md completed a rt of
qu*tiouairer.ro Blood suple wse obtained from
76 patients (mdonly chosen using a table of rudom
numbersro from tbe 298 patients descibed above) md
69 trErched neighbourhood controls. Blood nmples
wqe sent 0o the cental labontory of the blood tmsfu-
sion service in Aruterdm, where pqipheral blood
mononuclearells wqe isolated for astudy oflympho-
cyte substs ud apoplosis.rr After isolation, a frrction
ofthe periphcnl blood mononucler ells re directly
ryopresewed aording to a standud protocol in a
@mputerbed devie. Cells were aliquoted in phials
md stored with lop/o dimethyl sulfoxide at -196'C
(liquid nitogm) in a druity of about l0? cells per nl.
The quality of the storage conditions at the central
labomtory of the blood trasfruion swice hu been
uply demorotsaied by Jmsen et al, who showed
that peripheral blood mononucleu cells sbred for
12 yeas remained fully viable ud imuologicatly
competenL ''

In this study, we exmined peripheral blood mono-
nuclw cells ofall padents (n=32) ud contols (n=43)
ftom whom original cryopresewed vials rcre still
available, This group included 25 patients md their
matched contols, c well u sevm patients md 18 ou-
trols that were not malched to eeh othq. The mde to

fma.le ratio of the padmt grqup that re t€sted in thi!
shrdyre l:2. Average age of tbemalepatienb wd 40.
7 yem (ruge 25-61) md of funle patimtr m 40,
c yeils [zJ-ol./.

Nudeic acld lsolauon ard copy DM syntiesls
Nucleic rid w isolated fron tOO pl of priphenl
blood mononuclec cells (about 0.5 to 2xl0d ells)
ueng the MagNA.Pue I€ ud tbe MagNA-hrre l,C
Total Nucleic Asid Isolation Kit (Roche DtagDostics,

-Almue, Netherlmds) cor.l;ng to the irobuctions o(
the muufrcbuer ud eluted iu 50 pl of elution buffs.
A fixed dmouit of phocine dirtemper virus, a pe:
mlzoviros that w ured ac intemal conttol, res
added to tle suples before nucleic rcid isoladon so
that we could rionitor RNA quality md pogible inhi-
bition of uplifiedon of the mple.r. RNA in thc
lotal nucleic eid isolater w reviree tsanscribed to
copy DNA using theTaqMaa Reverc Tructpdon
Reagentr kit (Applied Bioryrtm, Nieuwerkqk r"n
den IJssel, Netherlmds) in e 50 pl rerction mii cou-
taining 20 pt of nucleic rcid isolate (onmtation 25.
150 ng per pl) ud rudom h*um ro primerr,
@orditrg to the ineufac&rrer'r irubuctioro.

Real tlme polymerase chain reactlon assay

A dupl* real tirc polymrore chab rercdon uny
ru developed, adapted fton tbe XMRV lntrgrcn
real time polymrue chain reartion uay dcraibed
by ScNaberg et al,e !o detect XMRV md phocine dir-
temper virus simultancouly. The rerction mixnrre
ontained 12.5 pl of 2X UghtClcler.l80 hobs Ms-
.ter (Roche.Diagnostic), I pM of each primer md
400 nM of each probe, ud 5 pl of copy DNA in a
rerctioo volune of 2.5 d, The XMRV md phcine
distemper viru primen wae u dsaibedir'Tbc
)O4RV probe re used s a !"(g-sboryfluorer:
ein)-labelted, lo&ed nucleic rid hy&olyrb probe
md the phocine dirtenper virur probe m ured u e
51ya.kim yellow-labelled, locked uucleic rcid hydrc.
lysis prcbe. All primm md probe ued in this study
qe shom in the table. Clcling onditioro were 95.C
for five minutes, followed by 50 cycler.of 95oC for
15 seonds ud 60pC for 45 ieon& uing the Light-
Clcla480 irotummt(Roche Dagnostie). Therwtt
of the wple w couidsed a valid rsult only if tbe
cosing point value for the spiked phocine distemps
virus re within two cycltis ofthe everage ofuninhib
ited smples.

Positive ad negative cmbols fot lsolation, loverrc
trmciption, od pol1maue chain reaction wm
included in each u. P-globin real tirc polymerue .

chain rerction w perfomed uingprimers md hybri.
disation probc s dsibed.r5 Mem cosing point
value of Sglobin real time polymcrc dain re&tion
uny re 23.84, standrd deviatiur 0.95, As a positive
matol for he'polymme chain rerctiot asay, we
wd nucleic rcid irolatdd from 22Rvl, e prcstate c.r-
cinom celliine (Amuim Type Cultura Collection
numbaCRL2505) tbatwureentlyshom!o@nbi!
multiple integraled @pies of )O4RV md to prodwe
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high levels of inlectiou virus.16 Total nucleic acid iso-
lation ud smple prepantion from this cell line wo u
dessibed above for peripheral blood mononucleu
cells.

To determine the sensitivity of the XMRV rea.l time
polymeru chain reetion dsay, we gmerated a 192

broe pairs XMRV inhgrucpolymeite chain rerction
product uing primus XMRV-F2 (which is loeted
upstrem of XMRV-FI) md XMRV-PJ (which is

located domstrem of XMRV-R2), md 22Rvl copy
DNA ro a template. The polymeroe chain reetion
product w4 puified uing the Wizud PCR preps
DNA purifietion system (homega Benelu, Liden,
Netherluds), The concentration w delemined
wing a NmoDrop 1000 (Themo Scientificlsogen,
De Meem, Netherlmds) ud the number of copies
per Fl ws calculated. A dilution seris wro made in
which l0r to 107 copies of the calibrator were added
to 105 peripheml blood mononucleu cells before
nucleic rcid isolation. This conesponds to I to 106

copiesper rerction, since a lenth oftle isolatednucleic

rcid re used o input for the polymelde chain reac.
tion, which wa perfomed 6 described above.

Nsted polyrnerase chaln reaction 6say

The XMRV gag nesled polymerase chain reactioq
csay m adapted from Urirmm et al.3 The reaction
mixtues contahed 25 1i ol2X PCR Mroter (B,oche

Diagnostia), md 200 nM of erch primer in a rerction
volume of50 pl. In the frrst rertion,5 pl ofcopy DNA
re used. Subsequendy, 5 pl of the fint reation %
used u input for the nested rerction. Primers were c

Sequen(es of prlm€B and probes used in thls study

saquanaa , Referenae

XMW ldl€F.s. tanr

5′ CCCACrCCCGTAGTCTnTGAG 3.

ダCいい CCTCACCACCAAmc,

described, except for the rwene primer ofthe neted
rerction (GAG-I-R),whichrereplredbyGAG-I-R2
to yield a 92 bue pairs rerction prcduct (we ued pri-
mer GAC-I-R2 becaue it produced less brckgroud
in the nested reverse trustription polymerue chain

reetion). The tilget squmce of GAGI-R2 is 100/o

conswed mong all XMRV isolates published to
date (data not shom) . Cycling onditions were d pre-
viously described.s Polymerre chain rerction pro-
ducc (20 pl) rerc ualysed on a 2.50.6 aguose gel.

To detemine 0re sensitivity of ow XMRV nested
polymfide chain reetion rosay,. a 708 boe pairs

XMRV gag polymerSse chain rercdon product ri,il

A

FE ll Results ofXMRV /rfegos€ rBl tlme polymsEe chaln

relctlon sss.y, (A) All 32 pathntsrith chtonlc titlSue
syndrome (CFS) compared wlth posltlve 22Rv1 control, whlch
ylelded r crotslng polnt valuc of rbout 23, Results for
nelghbourhood controb not shoM, (B) 22Rv1 total.uclelc
acld (DNA solid), rmFe tnNcdbed total nuclelc icld (c0NA

dashed). Ihe additlonal rev€Ee tran5(rlptlon ltep Incrcsed
the sensltlvlty ef th? polymcrssa chain rcsrtion, ddreslng
the cros5lng polnt (cp) value by 3.5. one ofthrs independent
cxperlrunt! ls shom, (q Sensltlvlty of the as$y. Ihe Inlry
shows llneai rel.tlon between nlmbsr of sDlked molEules
and cra$lng polnt v.lue frm 10! to trO coples pet retctlon

genrated using primus GAGUNIQF descibed by
Dong et alt (which is located upsgem of CAGO-F)
ud GAGGR, ud 22Rvl opy DNA u s lemplate.
Puification ud deteminalion of the mount of tle
polymerGe chain rerctim prcduct were p€rfomed
u desaibed above for the real time polymerue chain
rerction calibralor. A dilution series w made md l0'
to 107 copie of tbe calibrator were added !o 106 pa-
ipheral blood mononudeu ells prior !o nucleic rcid
isolation. This conespon& to I to 106 p€r rcaction
since a tenth of the isolated nucleic rcid m uged u
input for the neted polymerce chaia rerction, which
wu mrfomed ro dqqibed above, In the sme wav,
we t;!ed the Eruitivityof the nested polym"r*. 

"i,"inrection uay deaibed by Urismu et al8 using pri-
mer GAGI-Rirotead of GAG[R2.

RESUTTS

Total nucleic rcid wc imlated from peripheral blood
mononuclea cells of 32 patients ud 43 healthy on-
trols. Nucleic uid m subjected to copy DNA synth-
esis to increse the seroitivity of our polymerroe chain
re&tion asals. This re done becaue we obsered
that the real time polymerroe chain reaction ssay on
nucleic rcid isolated ftom a XMRV positive prostale
cocer cell line, 22Rvl, od wbjeied to copy DNA
syothesirallowing detcction of both proviral DNA
md viral RNA-wu about l0 times more sensitive
thu without opy DNA synthesis (fig lB). Neverthe-
les, all smples from patients with chronic fatigue syn-
drome ud from controls tested negative for both the
XMRV r'zJzgzcr gene (fig l) ud the XIVRV gag gme
(fig 2).

Ou negative XMRV polymerue chain reetion
re$lts were ulikely to. be due to low anouts of
nucleic rcid iested or low smitivity of the Nays
used. Weused50-300ngof totalnucleiccidftompq-
ipheral blood mnonuclea cells per polymerue chain
rerction, whrich is similu to the mount ued by lnm-
bqdi et aI.'Morerys, by rdding lGfold serial dilu-
tions of a deffned mount of tmplat€ DNA !o
periphenl blmd monouucleu cells before nucleio
rcid isolationo we demorotsated that both the real
time polymere chair reaction uay (fig lC) ud the
nested polymore chain rerction uuy (fig 28) could
detect at lerot l0 opies of XMRV pe lff puiphaal
blood mononuclw ceUs, indicating a high s€roitivity.
A similu seroidvity of the neted polymerase chalu
reaction may w ohserved whm we ued the garc
primers c descibed by Urim et al (imc rwr*
primer GAG-I-R irotead of the imc reverse prina
GAG-I-R2 uwd in ou osay) (data not showr).r

Ou negadve XMRV polyrerue chain rercdon
rezults are alrc unlikely !o. be due to problems with
nucleic eid isolation, loss of RNA or DNA integrity,
synthesis of opy DNA, or the polymue chain rerc.
tion proedure, sine both the phmine distenperviru
RNA (u intemal conkol of which a ffxed mout m
added to erch of the suplc before nucleic cid ircla-
tion)md the $globingme were eftciendy mplifedin
all smples 0ested (data not shom),
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WHAT:S ALREADY KNOWN ON TH:S TOP:C

Chronic fatigue syndrome is a debilitating disease of unknown caus€ that aifects nillions of
people worldwide

A sludy from the tlnited States rep0rted the detection oFthe retrovirus xenotropic murine
leukaemia virus.related virus (XMRU in peripheral blood mononuclear cells in a cohon of
patients with chronic faligue syndrome, su8gesting a possible causal relatlon and a

salrsfactory explanation for their problems

WHAT THIS PAPER ADDS

We Found no evidence for the occurence of XMRV in peripheral blood mononuclear cells of
patients with chronic fatigue syndrome fron a well defined Dutch cohon

These data cast doubt on the claim that XMRV is associated with chronic fatigue syndrome in
the najority of patients

DrSCUSSrON

Principal findings

We csessed the presence of XMRV in peripheral
blood mononucleu cells isolared from patients with
cironic fatigue syndrome from a well ihrrcterised
Dutch cohort. We found no evidence for the presme
of XMRV in my of these sporadic rues oi chronic
fatigue syndrome or iD cmbols.

Strengths and limitations of the study

A limitation ofour study is that the numbeE ofpatients
ud cmtrols in ou sirdy were relatively small. Bced
on these low numbers, the upper limit of the 950/o con-
fidence inieryal is a prevalence of 90/o for 'the patient
group ud 7% for the control group, c calculated
rccording to Eproch et al (by the fomula p=3/n).'3
A.lthough we cmot fomally rule out a rcle of
XMRV, ou data cdt doubt on the claim that this
virus i8 dsociated wi0r chronic fatigue syndrome in
the m4ority of patients.

Comparlson with findings ot pfevious studies

The results of the presnt study ile in contrilt with the
findings of lombudi et al, who deteced XMRV in
6790 of the patients with chronic fatigue syndrome
oalyred.t Tecbnical opects ue ulikely to explain
tbe difference in XMRV positivity rate between ou!
data md their dair The possibility that tbe relative
long duation of chronic fatigue syndrome in our
cohortmayhaveled to ournegative resultr seeru unl!
kely, beeuse retsoviruses integrat€ into the genome of
the hosl Given the high sensitivity of our real time od
nested polymerce chain rerction 6says, a positive sig-

nal should have been obtained in the presence of the
virus, The frctthatour smples were cryopresewed for
mmy yeus is also unlikely to rccout for the negative
re$lts. Peripheral blood mononucleu ells cryo'
preserlid for 12 yeas under these conditions have
remined viable ud imunocompeient.r3 Moreover,
we found no differoce in efrciocy of p-globin gene

uplication from stored smples compued with sm-
pler that were used directly after isolation (data not
shown), indieting good qudtity ild qualit/ of the

nucleic acid isolated from cryopresewed smples,

Ai technical dpects do trot seem to provide u
explmation, the differena might be explained by the
two cohorts studied. Our patients met the Oxford cri-
leria for chronic fatigue syndrome, wherero tle
patients snrdied by Lombudi et al were repoied to
firlfil the Centers for Disece Contsol aiteria,T but
this is ulikely !o explain the absence of XMRV iu
ou patients'soples. Unfortunaoely, the paper of
lnmbudi md colleaguo lacked a clea dcoiption
of their patient cohorl Recently, at the Tri-Society
Annual Conference 2009 in Lisbon, a presfltation
reported that the peripheral blood mononucleu cells
were derived ftom patients from the outbreak of
chronic fatigue syndrome at Incline village at tbe
northem border of lale Tahoe, United States (1984-

5).r0 This outbreak hro long been thought to have been
caused bya rinl infection md hs ben sciated with
a number of virues, mot notably Epstein-Bn virozo
ud hmu herpes virus 6,'?r but fim evidene for a
role of viroes in this puticula outbreak hc never
been provided. It is possible thatthe studyoflombadi
et al hs unravelled the viral cause of the chrcnic fati-
gue syndrome outbreak, but it seems unlikely that their
shrdy demorotrat€s a vinl uociation for sporadic
chronic fatigue syndrcme. rues, such u thoe we
lested, or represflts tlte m4ority of patients. Sbrdies
of XMRV in spondic chronic fatigue syndrore wes
ftom the United Stats would b€ of great int€rsl

XMRV rta initially idmtified in tumour tissue of
about l@/o of patientJ wih prostale mcer iri tle Uni-
ted States.s This uociation re recendy confimd in
uotle! independent study ftom the United States, in
which XMRV w detected in 230/o of patients.'o

Remukably, in throe ildependent Europeu cohorts
of patimts with ptostate cmcer, no XMRV re
detected.22'2' Whetha tlis disaepucy is due to diffq-
mes in the geograpbic distribution of the virus
remains to be established.

Recmtly, atemftomt}reUnited Kingdomreported
the failur€ to detect XMRV in all I 86 tested peripheral
blood mononucleu all smples from a well churc-
terised cohort of British patienc with chronic fatigue
syndrome.?u This teu, however, did uot use the
sme primer sets d used by lsmbudi et al, leaving
open a posible explmation for the difference in
rezults, In ou study, we ued the sme prime! sets 6
used by Lombudi et al. Although ou patient group
wu relatively small md more leseilch is required,
ou findings---together with thoe of Erlwein et al'1s-
cut doubt on the clain that XMRV is usociated with
chronic fatigue syndrome in the majority ofpatientJ,

lnmbadi et al also detected XMRV in about 40/o of
healt\ contsols.' We failed to detect XMRV in per-
ipheral blood mononucleucells ofhealthy conhols in
ou study, but fie trumber of ontrols tested (n=43) is

too low to exclude the occurence of XMRV in blood
in a pilt of the population. Cleuly, more reseuch is

ne€ded to establish the distribution of XMRV in
healthy contsols a{ of cours, in blood supply pro-
ducts in Euone ud in the Uniled States.

lmDllcations

In onclusiorq we found no evideuce for a role of
XMRV ir the que of chronic fatigue syndrorc in
Dutch patimts. Over the pot decadw we bave sem a
saic of papers prematrrely claiming the discovery of
the misobial cuse of chronic fatigue syndrome,
Regretlably, thus fu none of thse claim has btrn sb.
stantiated.

ContibutoE FJMVK MGN, JMDG. and /WvtudM designed the s|]dy and
wrote the paper. ASdj, i(Hl- GW, and WGM performed experimenb and
analys€d the data. CMAS, GB, IMDG. and lw\.4vdM established he
chrcnic fatiS@ syndrome patlent @hort. All auhors had futl Ge$ to all
ot the datr (itcludlngstatlstical cpons atd tables) in ttre study and tate
responsibility fot the Integrlty of the data and tfre ecuracy of the data
analysls. FjMvK andJWMvd[l areguarantors othe paps andacceptfull
responsibility lor therc* an4or he conductofthe study, had ac€ss to
thedata, and controlled thedecision to publbh.

tundrE: Noe.
Cdrpedng htart* All autho/s fE€ @mdeted fie Unifed Codpetjng
Intercst form rt M.icde.oBlcoLdislN.epdt (rvallable on rcquFt
from the @rrespondlngauthor) and declare that none of them (1) has
suppod ftomcompanlE forthe submjttcd rcrk (2) h6 felatlo6hl6
with cmpanles that dltht lEve an lntercst in the submited rcrl h the
pre$@s 3 ycalsi (3) hs spougs, partreB, or chlldren thal haw nnancial
r€latlffships that my be relryant to the wbmltted.rc( and (4) has
non.financial interess that roy be releEnt to the submitt€d rc*.
drkC epmt Ethicl dpects of this study rere apprwed by the
Cmml$le Mensgebonde0 0nderrcek fiom Radb@d Uniw.sity Medi@l
cenve (cM0.1991).

Detr shslng: No addltjonal data avaihble.
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平成 22年 5月 18日 開催

薬事 ,食品衛生審議会血液事業部会

運営委員会提出資料

日本赤十字社血液事業本部

日本赤十宇社血液事業本部組織の変更について (平成 22年 4月 )

今後予定している新規製剤の製造販売承認取得に向けた体制の整備、また、

採血業に係る体制の明確化を図るなど、事業運営体制を強化すること等を目的

に以下のとおり組織の変更を行つた。

1.臨床開発課

新規製剤の製造販売承認並びに不活化技術の導入検討については、昨年「開

発・申請担当」参事・主査及び 「不活化担当」参事 。主査を配置し、準備を進

めてきましたが、今後、臨床試験を含めて申請・承認に至る手続きを円滑に進

める必要があることから、従来の参事 。主査の体制から移行し、新たに臨床開

発課を設置することにより執行体制の強化を図つた。

2.採血管理課

採血業に係る体制については従来、「採血担当」参事 ■主査を置き業務を遂

行してきたが、新たに採血管理課を設置することにより体制の明確化及び強化

を図つた。

〔月1紙〕

平成
"年

4月 現在における血液事業の執行体制について (日 本赤十拗

※E=コ lま平成22年4月
1日

付で新設・変耳された部薯
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ReleaSe
日本赤十宇社血液事業本部の事業執行体制について

報道関係者 各位

平成22年 5月 14日   ｀

医薬食品局血液対策課

(担当1内線)課長 亀井 (2900)

企画官 光岡 (2901)

(lt,浸 雇雹言活)03(5253)1111
(1望 ;五 電 :活)03(3595)2395
(F A X)03(3507)9064

フイブリノゲン製剤納入先医療機関の追加調査について

平成 16年 12月 9日た公表したフィブリノゲン製剤納入先医療機関を対象としそ:

:平成 19年 ¬¬F7日 付で実施した追加調査あ結果について、平成 212年 4月 3o日 ま

工に回収した匡療機関からの回答を取りまとめた状況をお知らせいたします。  '

1 回答状況  |

(1)追加調査実施期間  平成 10年 11月 7白 γ12月 5日 (※ 1)   :
|             (た だし、現在も回収中)、

(※ 1)(1)の調査以降、平成29年 3月 25日 及び平成21年 1月 16日にも元患者の :
方へのおⅢらせ然況等にういそ再度調査を行つており、 (3)回善施設藪以降は与え
らの結果を反映したものである。

(2)追加調章対象施設数    医療機関  6,610施 設  |
(平成 16年↑表施設めうち、1所在地等が不明であつた施設を除いた医療機関)

(3)回答施設数

「 平成 16年公表時に存続し,ぃた5,397施 設のうち:|,239.施 設 (98%)
から回答があった。  |             ‐

・ なお、このほか平成 16年公表時に廃院等していた 1,213施設の
`う

ち、500
施設から回答があつた。                   :

血液事業本部



2 主な調査結果

(1)投与の年月について回答があった医療機関数と元患者数

医療機関数

元患者数

89フ 施設         |
12, 923人  (投与年別は別表 )

88施設

275人

967施 設 (※ 2)

13, 198人

(5) 診療録等の保管状況

平成6年以前の診療録等が次のいずれかにより保管されている施設数

(括弧内は調査対象施設数に対する書1合 )

(2)上記以外に、過去に投与の事実をお知らせ したという記録が残されているが、現在

では投与の年月は特定できないとする回答があつた医療機関数と元患者数 (内訳)〈※3)

診療録 (カ ルテ)

手術記録あるいは分娩記録

製剤使用簿

処方箋

輸液箋あるいは注射指示箋

レセプ トの写 し

入院サマリーあるいは退院サマリー

その他の書類

2,060施 設 (31%)(※ 4)

|, 533施 設 (23%)

1, 602施 設 (24%)

138施設 (2%)｀
140施設 (2%).
273施設 (4%)
80施設 (1%)

293施設 (496)

292施設 (4%)

医療機関数

元患者数

(3)(¬ )と (2)の合計

医療機関数

元患者数

(※ 2)厚生労働省ホームページ「c型肝炎ウイルス検査受診の呼びかけ (フ ィプリノゲン

製剤納入先医療機関名の再公表について)」 の公表医療機関等リスト上の該当医療機

関の「備考」欄に、「フィブリノゲン製剤を投与されたことが判明した元患者の方が

いるとの報告あり。」と記載した。

(4)元患者の方、の投与の事実のお知らせの状況

(※ 4)平成16年の調査では「昭和60年 6月 00日 以前にフィプリングシ製剤を投与し

た記録 (診療録、使用簿など)が保管されてぃますか。」との設間であつたのに対し、

今回の調査ではt「平成6年以前のカルテ等の各種書類が保管されていますか。」と

の設間であつたため、保管していると回答した施設の割合が異なつたものと思われる。

(※ 5)厚生労働省ホ■ムページ「C型肝炎ウイルス検査受診の呼びかけ (ラ ィブリノゲン

製剤納入先医療機関名の再公表について)」 の公表医療機関等リスト上の「カルチ等

の有無」欄に、平成6年以前のカルテ等の記録が一部でも保管されてし`る場合、△印

を付していたが、さらに保管されている記録の保管期間、保管状況等を記載した。 |

お知らせした 7, s37J\ (57%) (X3)
お知らせしていない 5, 661人    (43%)

投与後に原疾患等により死亡 1, 966人  (15%)

連絡先が不明又は連絡がつかない 2, 549人  (19%)
肝炎ウイルス検査の結果が陰性 4¬ フ人 (3%)
今後お知らせする予定である 208人  (2%)
その他 (未記入含む) 521人  (4%)

13, コ98人

(※ 3)元患者の方に一人でも投与の事実をお知らせした医療機関は8oO施設であつた。



(別 表 )

投与の年月について回答があつた元患者数の投与年別の内訳

投与年 人数

昭和 39年
40年
41年
42年
43年
44年
45年
46年
47年
48年
49年
50年
51年
52年
53年
54年
55年
56年
57年
58年
59年
60年
61年
62年
63年

平成 元年

2年

3年

4年

5年

6年

0人

フ人

8人

12人
¬5人

¬8人

19人
22人
25人
35人
48人
49人
64人
86人

124人
199人
293人
349人
474人
832人

1, 334人
1, 664人
2, 332人
2, 8¬ 2人

1, 653人
183人
1¬ 1人

82人
3フ 人

25人
¬1人

計 12, 923人
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Press Release

平成22年 4月 26日 (月 )

医薬食品局総務課医薬品副作用被害対策室

室長補佐 :信沢  (内線)2717
管理係長 :内 沼

・
(内線)2718 1

(直通)03-3595=24o0

C型肝炎訴訟の和解について

本日、大阪地方裁判所において、下記のとおり和解が成立しましたので、お知らせ
します。                              ,

嵐鶏置:♀雰:テ摯り曇易l裁
に
F属
している「

告(手者警9人
)IFIい

|?智解|

上記 6人の症状は、慢性肝炎4人、無症候性キャリア 2人である。

(参考)                            .

0和解等成立人数※1 1460人  '        ~

O新規提訴等人数※2 1650人  (4月 26日現在)

※ 1「和解■成立人数」は、今回の和解成立者は含まず、これまでに和解が成立した人数 (患

来2誂鷹群ξi顔1ま蜃職楓島4藁ξ計訴状こが団こ送達喜れた1姦 源者
数)である。このうち、1252人は既に和解等が成立してしヽる:       i




