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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.
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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
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，

ｏ σ 〓 α ヨ ” Ｒ

」 き ∽ 「 り ヽ ロ マ ヨ ′ ０ ６
，

３ ｏ ８ 房 η ｒ ヽ ∪ ２ ＆

∽ い と す ｏ ９ ｒ ● 一 ・ 一 一 ３ ヨ ゆ ざ 日 お ‘ 口 訂 警 コ ヽ

」 ｏ コ ｏ コ 一 こ ヨ ９ ” Ｓ
，

η 置 ヽ υ

，
ａ ｎ ” ∽ ０ ＞ 〉

り 一 ■
，
ｑ ヨ 含 ｐ 』 ¨ ● Ｆ ｏ つ ｏ゙ 〓 く ｏ ■

，
ヨ ” 紹 ８ ■ ８

Ｆ ヨ ０ 「 ∽ 一 ” 澤 ● ● σ
，
コ ｏ ョ ｏ ｏ 「

，
ｏ ■

，
日

，
К ヨ ー

■
，
Ｐ ヨ 訂 、

，
ヽ ３ ８ ン σ σ

，
＆ ● ｏ σ̈ 己 一 お Ｒ

，
ι 弓 く ” ２ ヨ ′ σ ６ 綸 コ ヨ ‥ ヨ Ｆ ８ 〓

∽ 日 ゃ ８ （ い ” ∽ Ｏ ω ） ヨ 澪 ６ ” ｏ 雀 一 ● 日 一 ８ ヨ ● ８ 一

‘ ユ
， ，

ｏ コ マ ８ ｏ
，

ｏ ∽ オ

，
葉 ０ 「 ∽ 一 鰈 き ヨ ● ヨ ９ ３ 一

，いヽ ８ さ ０ 一 日 Ｅ Ｅ Ｏ お そ ｏ ヨ 総 ６ 文 ？ 男 く

Ｚ ９ 菫 ） 一 ｏ 」 ｏ Ｌ ヨ ニ ＆ 一 ３ ８ ０ ■ ■ ５ ｏ そ ３ ５
，〓 ９ １ 一

，
げ 貯 ヨ ヨ ” δ 曼 ε ∂ ″ 一 〓 ３ 一 ｏ Ｊ 冒 汁 ５ ｏ

Ｃ マ 『 ０ 磐 一 生 ０ コ 〓 ０ ８ ヨ ｏ ｏ 「
，

ｏ 日 ９ 一 ８ 〓 ヨ ０ ュ ヽ

” 璃 ８ 、 Ｒ 】 き
，
ゴ Ч ｏ ∽

，
∽ ｏ Ｓ 営 Ｒ 一 “ ユ

，

０ ” ∽ 　 ∽ ｏ く ｏ ８ 一

８ ● ｏ ■ ２ ３ ´ す ｏ 一 ‘ ０ 一 コ ” 多 ｏ て Ｐ く 一 ３ ０
，

ｏ 一 ユ ‐

ヨ 帯 ８ ８ ‘ ● 機 コ マ ｇ ａ ヨ ゼ Ｆ ‥ Ｂ 資 予

摯 ＆ ■
，

３ ‥ 一 こ ■

，

９ ８ ● 斎 」 ３ ｏ 営 Ｑ

貧 ０ ∽ Ｆ ュ ３ Ｒ ａ ｇ ■́ １ ３ ９ ８ ０ ３ Ξ ０ ３ ” ９ ９

２ き
，

す ● こ ８ 一 日 ＆ 鮮 ■ ″ く ｇ 〓 キ ヽ ＆ チ Ｒ Ｓ な Ｌ Ｒ

一 ３ α 〓 つ ８ Ｒ ３ ６ 支 ０ デ ８ ” ８ ヨ ＆ Ｆ ゴ 』 げ К ｏ て ６ ｇ ８

〓 ヽ ３ ｏ ヨ ｏ キ
，

８ ヽ ８ ８ ３

，
ｏ 君 ｃ ８ 一 ｏ 」 ｏ Ｌ ヽ 摯 ｏ Ｔ

ｏ Ｑ 貧
，

ヽ じ ゴ ｏ Ｏ お ∽ ９ ８ Ｒ
，

５ § ざ ｇ 曽 男 く
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，

ユ ｏ ヨ Ｒ Ｌ ● ３ ２
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ォ ８
，
一

〓 ０ ● ８ ８ 一 〇 ５ ュ ぅ ち ３ ｏ ３ 日 ０ あ Ｂ ユ Ｓ ●

ぎ 雪 ＆ ６ ３ ■ 襲 ■ ■ ■ 一 Ｓ 矛 ψ

ユ ３ ９ Ｆ マ ｏ Ｓ

，
３ ８ 男 く ａ ｇ く コ 一 〓 ２ ｏ み

ヨ 雰 晏 ｑ ユ ９ ■ 機 ‘ ｊ Ｌ 〓 員 Ｅ ｏ ８
，ユ ヨ^

，
♂ Ｘ を ” て

，
き ｏ 一 ｏ ● ● ｏ ２ 場 Ｌ ら ３ ａ 【 ゴ

，
ｏ

Ｏ
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線 ｂ ３ 一 ォ ｏ ■ ９ ‘ ｏ 『

，
一 樹 給 ヨ ¨ Ｒ く す 場 ま

，
ｏ

■ ５ ５ ２ 一 モ 一 ｏ 一 ｏ ＆ ｏ 「 ∽ ヽ 一 ８ 一 Ｂ 一 ユ ニ ８ 一

ゴ ぎ 一 ´
，

ｏ ａ 〓 ざ ヨ 言 津 ■ Ｒ ３ 運 ５ ■ 日
，

ｖ

，
３ ｏ

，
日 ● 亀 〓 夕 ０ ■
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薔 ３ ● Ｒ 停 燿 轡 ８ ｏ 「 ｏ
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ｑ

く
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あ ３
，

摯
，
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σ ｏ ８ ５ ３ ６ ● ョ 一 ● ● 線 ヽ コ ８ ゴ ３ オ 」 Ｆ ８ ８ ら ７

Ｅ ７ ・ 日 と 言 ａ ε ８
，
ｐ す ｔ 〓 ９ ８ キ 静 ３ 畠 電 争

ｏ 繋 房

，
Ｑ ３ 一 ヨ Ｂ 患 〓 ８ き ｔ ｅ ” 豊 Ｓ ａ ■
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竜 ８ 一 Ｆ “ ９ ■ ｏ く 登 目 ¨ Ｒ ● ｏ
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ｏ ” ∽ ８
，

ｏ ■ て ０ す 〓 ０
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，
ｏ

，
■

，
К α ８ ｏ

，
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一 　 〇 ９ ９ ３ ３ ヽ ヽ ｔ く Ｏ δ ヽ ヽ “ Ｎ ゛ じ ● も^ ３ γ

一 ´ 〓 ミ ● ８
，

一 Ｎ 　 　゙ Ｏ ｏ つ ｏ ミ ミ ・ 、 ０ ０
，

Ｓ ヽ ヽ Ｓ ヽ ち
，

ヽ い ヽ 一 ０
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三 ζ ■ 一 ｏ 一 ０
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Ｉ ６ 選

，
驚 後 多 邑 ｏ こ 患 鮮 百 ｏ ＞

，

こ

掲 〓 ９ 露 驚 つ 受 Ｊ 壼 ｉ コ 層 Ｑ Ｊ ヨ ご ■

昌 著 つ ３ ５ 魯

，

０ 互 ≡

Ｒ ュ ｑ ■ 〓 ま
，
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，
■ ″ ｇ ヨ ｏ ざ “ ８ ● ６
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ａ ｏ コ ｇ Ｆ ａ 言 〓 ヨ 】 ０ 計 汁 ０ ８ ヨ Ｌ
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，
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，
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，
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，
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さ 受 ” ‘ ８ ● ● Ｒ お ヨ と ● ６ げ Ｏ Ｌ 口 ｏ こ さ ＆ ” ユ ｇ Ｆ
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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.

cohpatlng Inlararln Thr aulhoB hava debrcd tha! no comtsting intsast5 axl9t,
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ｏｎｅ XMRV att CFS

胤 温 ■ 1出 ヽ 誼撃 響 よ鳥 :L雛 鵠 詐:鷲聯 ζ

Pattn"was notabL notOmyfor is dalm ora ncw vralaedoloy of
a hlthc“o∞ ntroversial dlseasc,but alsO ror thc ractふ at proviral

DNA co口 d bc ampLGed,Om thc pe■ phcral blood monOnudcar

ccus●BMO。「 375●/.β /21o ofthC hC」 ふy con● ols ThL folb“

an carLcr dalmふ at1 7%(5/3001 orhcalthy」 apancsc b10od dono、

carrtd andbodぃ o hesanc"us P〕 ThC VIrus h qucslonヽ a

re∝ ndy disc∝crcd retovmぉ ,Xcnoす o口C Muinc Lcukacmla
VIrus oLヽ D‐Rchtcd Virus(XMRⅥ

In thc o● 」n」 idCntrlcation of XNfRV Ln PrOStatc canccr

stroma ceus,u● sman″ ″
13〕

cOnArmcd by scqucncc an」 ysヽ

that XMRV is not a laboratory contamlnant,as is oacn dle casc

wih daims or new retr6wiral associations● th discasc lt sharcs

>900/s sequcncc idcnttw h gag and`砂 ぐνo of thC thrcl viral

stuctural gcncl編th othcr xcnotroplc MLVs

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

OI飩 o50NE I中 p OsOnt。 .       1

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'

ⅢⅢⅢr・・TGⅢⅢ 蝉 ⅢⅢ鮒
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ReVerleい 記:5'CATCACTAAACGCACCGAGCA 3'
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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
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Janu.ry2olo I Volume 5 | lsrue 1 | e8519
january 2010 1 V。 lume 5 1にSue l l e851'



1 2 3 4 5 8 7 8 9 101112131415161718

_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

Page 2 of '10

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
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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
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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,
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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
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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.




