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chronic fatigue syndorome in-Japan

infected
No evidence of murine-like gammaretroviruses in

CFS patients previously identified as XMRV-

Knox K, Carrigah D, Simmons G, et al., Science.
infected .

12011, Jun 2 [Epub ahead of print]
 |Alberts B, Science. 2011, Jun 2 [Epub ahead of

- |Shin H, Bateman L, Schiaberg R, et al., J Virol,
print]

2011, May 4: [Epub ahead of print] -
- 2|No evidende of murine-like gammaretroviruses in

1|No association of xepotropic murine leukemia

virus-related virus with prostate cancer or
Science. 2011, Jun 2, [Epub ahead of print]

CFS patients previously identified as XMRY-
Recombinant origin of the retrovirus XMRV.

PaprotkafT, Delviks-Frankenberry K, etal,

Editorial expression of concern

4

XMRVI:EQ#%X#ﬁ%'(ﬁ#E) (ERi2346A27H).
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retroviruses [14-16], and XMRYV replication appears to

be enhanced in cells with a defective interferon-gamma

(IFNYy) intracellufar pathway {17). In terms of in vivo

infection, the route of transmission, infectivity .to

" humans, and pathogénesis of XMRV are largely

- unknown; therefore, .its potential risk as a transfusion-
transmissible infectious agent remains to. be clarified.
Many blood service organizations worldwide, includi

those in Japan, have yet to establish a transfusion pohcy ’

for XMRYV, although in a few countries (eg;, Canadn)
blood donations-are restricted from individuals pre-
viously diagriosed with CFS. To investigate the preva-
lence of XMRY in healthy Japanese individuals as well as
in PC patients, we started screening blood samples in
2007 from donors in Osaka prefecture and PC patients in
Nishiwaki City, a ruralarea of Hyogo prefecture close to
Osaka prefecture, as'a pilot study of XMRYV infection..On

. the basis of Lombardi et al.’s results of XMRYV infection

in CSF patients and, to a lesser extent, in the healthy
population {2], we also screened blood samples from CES
patients. We found that a proportion of the donors and
patients had Abs against the XMRV Gag capsid (CA),

but XMRYV genes were barely detectable. These resu'l}s .
suggest that although the presence of human infection -

with XMRYV or XMRV-related viruses in Japan cannot be
denied, such infection is likely to be limited.”

Results

Study design :

Our study design, summarized in Figure 1 was not
standardized because the screening process for donqrs

erdomlud Blond Domu Prostate Cancer Patients || CF9 Pationts
N=67(2007-2008) Ne100 (2010)

I' Antbady screening by immunobiot unalysis l

If positive

Detaction of viral DNA/RNA

v o
Genomlc
PCR
of PBMC
I Prevalence of l
.carrier

Figure 1 Study flowchart. Plasma samples randomly collected
from 500 heakby daners, 67 PC patients and 100 CFS patients were
screened for XMRY Abs in an immunoblot assay to estimate the”. . |
serological prevalence of the virus. Viral Ab-positive PC patfenits

were further tested for the presence of viral RNA in thelr plasima;
genomic DNA from PBMCs of XMRV RNA-positive patients was also -
tested for viral DNA and RNasel mutations. CSF patients were

-
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and PC patients was not i ‘ lemérited simultani ly
with that for CFS patients: We employed different meth-
ods to detéct XMRV nucleic acids at different.stages of

. the study, but the same Ab-screening test was used con-

ly.throughout. All pl samples were screened

for. XMRV Abs by immunoblot assay to calculate the

“serological prevalence of XMRV. Plasma samples of viral

'Ab-pasitive PC patients were further screened for:

XMRV RNA. Moreover, PBMCs of PC patienits whose
plasma. was positive for XMRV RNA vere éxamined for

. the presence of XMRV genes and' for RNASEL muta-

tions in genomic DNA [1,18], Plasma samples of CFS
Ppatients were simultaneously screened for XMRV Abs
and genomic DNA according to published methods

[1,2,6). We did not examine XMRV DNA or RNA in

the donor blood samples because, at present, the Japa-
nese.Red Cross Society does not have consensus for.the
genetic analysis of donor blood samples for research

 Purposes, excépt for the analysi; of blood types. :

Screening for XMRV Abs

To examine Abs against XMRV by immunoblotting,

concentrated viral particles were used as antigens.

When the same volume of XMRV and human immuno-

deficiency virus. (HIV)-1 lysate as a negauve control was
lyzed by sodium dodecyl sulfite p lamide gel

electrophoresxs (SDS-PAGE) and 3el staining, we

_observed a comparable amount of Gag CA proteins in
each preparation (ngure 2A, asterisks). The minimum )

amount of each virus lysate in-which CA protein was
detectable by gel staining with SYPRO.ruby (3 ul) was
used to assess sensitivity of the immunoblot assay by
end point dilutions of an anti-Gag monoclonal aritibody
(mAb) (clone R187; Figure 2B, left) or an enti-Env rabbit
polyclonal antibody (pAb) (Figure 2B, right). The detec-
tion limit of the screening assay was estimated as 6.3
ng/ml (1:640,000) for RI87 mAb and 1 1 yig/mi (1:8,000)
for anti-Env pAb. .

“In the Ab screenmg, we observed many nonspecific

" signals. Most of these reacted with both strips at the
. same mobility, and some weak bands were occasionally

detected on either XMRV or HIV-1, or both strips at
the position of the CA ‘proteins, probably because of a
large amount of CA protein on the strips. Therefore, we

regarded such nonspecific signals as false positives, and
considered that a band observed on the' XMRV strip,’
but not on the HIV-1 strip, showing signal intensity
comparablé with that detected using the control anti-
Gag mAb was pasitive for XMRV when the strips were
blotted with 100 times-diluted plasma samples (red

" squares in Figure 2C-E). We identified 12 positive
plasma samples: eight from the donors, two from PC .

patients and two from CF$ patients, The prevalence of

screened by genomic PCRs at three independent laboratories.

XMRV calcilted from the immuricblot assay was 1.6%

Furuta et dl, Retrovirology 2011, 8:20 - .
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Ab dilution.
8 .8 8 g8 &
< 3 =3
fEE8 ;538
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25e
20
5o B w - 4™
 SYPRO Ruby ' N -Gag mAD; R167 a-Emv pab
stakning - .
c . D- E
Donor Phlﬂll PC Patient Plasma CFS Patient Plasma

@Gnaunutsazmmaasm Df_!ﬂ\!i!ll‘

18 23 24 2% u-Gcazrnzs':wuazaa-

HX HXHXHXHXHXHXHX

HXHXHXHXHXHX
{

Flgure 2 XMRV Ab screening. lmmunoblot assay of proteins of HiV- 1 Env-defective mutant (HIV Aenv) and XMRV clane VP62 for screenlng

~‘anti-XMRV dntibodiés in plasma. (A} Three different amounts of viral preparations (3, 6, or 9 pilane indicated by black triangles) were

by 5-20% SDS-PAGE and stained with SYPRO Ruby. Asterisks represenm Gag capsid (CA) proteins: *p24.in HV and *p30 in XMRV. (B) Sensitivity of
immunoblot assay used for screening. Virat lysates (3 ul) were detected with serially diluted control antibodies. An anti-spleen focus-forming virus
(SFFV} Gag mAb (clone Ri87, left) and anti-XMRV Env. pAb (right) was used for detection of Gag or Env proteins, Cancentrations of detecting
limft of each antibody, were 63 ng/mi (1:640,000) in R187 mAb and 1.1 pg/m (1:8,000) in anti-Env pAb. H, HVAeny; X, XMRV; CA, Gag <apsid; SU,
Env surface: subuniy; TM, Env ransmembrane subunit. (C-E) Ab screening by immunoblot assay of blood donor samples (C), PC patients (D), and
CFS patients () using 3 ul of each viral lysate. Pairs of strips were incubated with 1:100 diluted plasma from individuals. XMRV-speclﬂc reactivity

of substantial intensity was defined as a positive reacdon {red squares),

J

in blood donors, 3.0% in PC patients, and 2.0%in CFS
patients (» > 0.05). Because XMRV was originally identi-
fied in PC samples [1], we analyzed whether there was a
gender difference in the preval of XMRV; h )
no significant difference between male and female sub-
jects was noted (Table . :

Ch ization of g-positive Abs ,v
Because we observed Abs against only the Gag CA pro-

_tein in the Ab-screening assay, we examined test plasma
“for réactivity against recombinarit Gag-and-Env proteins .

{Figure 3A-3C). For recombinant Gag protein, we
expressed glutathione S transferase (GST)-fused Gag CA

protein of XMRYV derived from 22Rv] cells. The sensi-
tivity of the immunoblot assay using the GST-CA pro-
tein was about eight times higher than that used in the-
screening assay (Figure 3A, 1:5,120,000 dilution corre-
sponding to 0.78 ng/ml R187 mAb). All screening-posi-
tive plasma, but not screening-negative plasma, tested
positive for GST-CA proteins (Figure 3B), suggesting
that the screening-positive pl specifically recog-
nized XMRV CA. In the upper panel of Figure 3B, D51,

P24 and C32, plasma shows some signals migrating

close to that of the Env surface subunit (SU). However,
these were likely to be nonspecific as we observed simi-
lar signals on the paired HIV strip at the same position
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Table 1 Summary of antl-Gag Ab reactivmas In study
population

Population  Gender ~ Ab  Ab  Total Prevalence -
- hegative - positive . 19)
Healthy M 3% 5 41 - 15
donors . . Lo
F C 156 3 159 19
Total 492 ... 8 500 16
Patients with . M 65 2 67 - k1
L Lo
Patlents with M 3 0 3.0
CF5 ) . -0
- “F 67 S2r 69 29
“Total 98 2 1000, 20,

No significant diffesences in prevalence were observed between the donars
and the patients with PC and betveen the danors and the patients with CFS.

_Further, there were no significant dlﬁaences i preva!ena between the male.

and the female donois.

in thé screening immunoblot assay (Elata not shown for

D51, and Figure 2D and 2E for P24 and C32, respec-

tively). We examined the reactivity of the test plasma
- against a recombinant histidine-tagged Env surface sub-
unit protein (rSU) of a xenotropic MLV [19),in which
the detection limit determined by endpoint dilutions
was 1.1 pg/ml (1:8,000 dilution in Figure 3C, left), but

detected no Abs against the Env SU protein in plasma
samples (Figure 3C, right). An immunoblot assay after.

~native-PAGE was also negative for Abs against Env pro-
teins (Figure 3D). Detection limits in the pative-PAGE

were 6.3 ng/ml for anti-Gag mAb (R187) .and 8.5 jig/ml -

" for anti-Env pAb {data not shown).

To examine the specificity of the screening-positive
plasma samples, we performed an additional immuno-
blot assay agains ins from Mol y murine leuke-

mia virus (MoMLV), which has approximately 83%°

:amino acid homology in the Gag region with XMRV.
We observed multiple patterns of cross—reactxvity (Fig-
ure 3E). Most screening-positive p ples were

. recognized exclusively thh XMRV Gag CA (e.g., patient ._

' 24 in Figure 3E), but some showed weak cross-reactivity
with Gag CA of MoMLV (donor 359 in Figure 3E): In
another case, almost the same level of signal was
detected against Gag CA of XMRYV and MoMLY {(donor
385 in Figure 3E). Plasma that predominantly reacted
. with MoMLV Gag was not observed. The Ab specifici-
ties are summamcd in Table 2.

The serological préeval of XMRYV calculated using
only the highly specific'Ab was 1.0% in the donors, 1.5%
in PC patients, and 1.0% in CFS patients. Again, there
were no statistically significant differences in:prevalence
between blood donors‘and patients with either. PC or
CFS. We are unable to determine whether the -anti-Gag
CA Abs we identifi ed would indicate XMRYV infection
or not, until -panel or serum )| llected

P
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from human subjects definitely infected with XMRV
become available. Therefore; we tentatively regard those
individuals who retain these ‘Abs ds suspicious. cases,

Detection of XMRV.RMA in the plasma of PC patients -
In April 2008, we examined XMRYV RNA from the

1 of two screéni sitive PC patierits (P24 and

P28) ‘by nested RT- l’(i(‘r only one patient {P24) had
positive results for XMRV.RNA with Gag-specific pri-

. mers (Figure 4A).-The sequence of the amplified PCR

product was 99.8% (412/413), identica to that of XMRV

VP62 (data not shown). However, we could: not con-’

clude that the: PCR product was derived from XMRV
infection. because this fragment did not contain an
XMRYV-specific 24 nuclestide deletion in the g gag region

- {1].'The patient’s malignant prostate tissue was not
_available b it had alread beenl' ved and was .
niot deposited in the hospital, -,

In August 2008, we. collected whole blood. from this

‘patient to ine RNASEL ions at amino acid

positions 462.[1,18) and 541 [20}, and found-a WT resi-
due at 462 and a low-risk amino acid residue (Glu) at
541 (data not shown). We tried to isolate infectious or
full-length XMRY from PBMCs of this patient, but were

_ unsuccessful. We also found that the test results of the

nested PCR assay, in which detection limit was approxi-

mately 1.5 cell equivalents of genomic DNA from 293T

cells infected. with:22Rv1 cell-derived XMRV (Figute
4B), using PBMC-extracted genomic DNA were nof
reproducible (Figure 4C), In Novermber 2009, the whole

blood of P24 became available again and was tested for -
. XMRV DNA and RNA, Although the plasma still tested
- positive for Abs against XMRV Gag CA, neither XMRV

RNA nor DNA was detected with the same method
used in April 2008 (data not shown). We further exam-
ined XMRV RNA from plasma and supernatarits of co-
cultured P24 PBMCs with LNCap-FGC cells using one~
step RT-PCR, but both tested. negative for the XMRV

- Gag gene (Figure 5A). We performed real time PCR on

genomic DNA extracted from PBMCs, which s capable
of amplifying a fragment of the Env gene with a detec-
tion limit of four coples/xeactlon, but the additional
PCR tests of P24 were negative for the XMRYV gene
(Figure 5B and 5C). These data suggested that the
amount of XMRYV in the blood of the Ab-positive PC
patient was limited, if the virus still existed. Alterna-

. tively, it remains possible that the results of the ongxml

P24 PCR tests were false positive.

'

Detection of XMRY DNA in PBMC of CFS patierts.
To examine the: prevalence of XMRYV in CES cases, we

_screened CFS patients for XMRV DNA in PBMCs at

three independent laboratories. Figure 6 shows the

representative results with two primer sets. The.

Furuta et ol, Retrovirology 2011, 820 - - o Page 5 of 12
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Figure 3 Characterization of Gag CA-positive plasma samples. (A) Sensitivity of mmunoblox assay wnth GST-fused recombinant Gag CA
(GST-CA) protein, GST-CA protein (300 ng per lane) was analyzed by 5-20% SDS-PAGE and detected with serially diluted R187 anti- Gag MmAb,
The concentration of the. detection kmit:was 0.78 ng/ml (1:5,120,000). (8) Immunoblot assay of plasma samples that tested positive (D7, D20,
D51, D98, D183, D184, D359, D385 in blood donors; P24 and P28 in PC patients; C4 and.C32 In CFS patients) of negative {0306 and D307 in
blocd donors) for the screening immunoblot assay with 3 4 of VP62 virus lysate (upper. panel) or 300 ng of the GST-CA recombinant protein
(lower panel). For positive control, 85 pg/ml. {1:1.000). of anti-Env pAb and 0.8 g/m! (15,000) of anti-Gag: mAb, R187, were used. (O

blot assay using rec i Env SU (rSU) protein of xenotropic MLV. The detection limit of 300 ng of U protein was 1.1 pg/ml
(1:8000) by-anti-Env pAb flef). One hundred diluted plasma samples tested positive for the screening assay were negative for rsU pretein (right).
(D) Immunoblot.assay in a native-PAGE using'$ i of the concentrated VP62 lysate in native sample buffer. Plasrna samples testing positive (D7
to €32) and negative {D306°and 307 for the screening assay were examined. x-Env, anti-Env pAb (1:200, 425 pg/ml); a-Gag, R187 mAb
(1:80,000, 50 ng/mi), (E) MoMLV particies with (M).or without (M) amiphotropic Env were produced and subjected to an immunablot assay 10
examine their cross-reactivity. with XMRV-positive plasma. PC, a mixture of anti-Gag mAb (R187, 04 pg/mi) and ant-Env pAb (85 ug/ml) as the
 positive control, Arrow head, GST-fysed Gag Capsid-protein; SU; Env surface subunu: su, recombinant Env surface subunit of xenotropic MLV;

TM. Env T™M subunit; CA, Gag capsid protein. . .
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Table 2 Cross-reactivities with MoMLV proteins

Population S ) B (+)
Healthy donors . 5 3
Patients with PC* 1

Patients with CES 1 i
Total ‘ 7 S 4

: The XMRV: Ab-pasitive cases were megodud as having (+) or not ha\llny 2]
crass-reactivities with.Gag proteins of MoMLV,
*Cross-reactivity was not examined In one-Ab-positive patient with £C (P28}
because additional ‘plasma from this patient was not avallable.

sensitivities of our.PCR tests with primer sets indicated

in Figure 6A were determined using genomic DNA
- extracted from 293T cells infected with 22Rvl cell-
derived XMRV (Figure 6B-and 6C). The detection limit
of both PCR tests was calculated as approximately 1.5
" cell equivalents of genomic DNA from 293T cells
infected with 22Rv1 cell-derived XMRV. In screening

PCR tests, we observed 'several nonspecific bands but -

" the XMRV gene was not amplified as shown in Figure
6D. Although bands of a similar sxze to that expected
were o ily observed, seq g analysis indi-
cated that they ined human g ic DNA rather
than XMRV genes (data not shown). : :

In the Japanese Red Cross Osaka Blood Ceriter, we

performed nested RT-PCR analysis of the gag region
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by>uvsin'gvplasmn>RNA (?igure SA), and a.real-time
TagMan PCR assay of genomic DNA to amplify the

. env region (data not shown) if the patients tested posi-
tive for Abs. We observed no positive results from the .

PCR assays performed at the three iridependent labora-

tories or this additional PCR test, indicating that there

were 110 detectable amounts of XMRV DNA in the

blood of CFS ‘patients, although two of 100 patients -

tested positive for the XMRV Gag Ab (I-'lgure 2E, 3B,
and 3D, and Table 1).

Discusswn
In this study, we identified a small number of people

who possessed Abs against XMRV. Gag CA, regardless -

of gender or disease condition (PC and CFS), but none
of the individuals in’the three tested populations
retained strong-Ab ‘responses to multiple XMRV ‘pro-

.teins; We were unable to isolate XMRY from the blood

of PC patients and detected no XMRV genes ini the
blood of any CFS patients. . »
We screened blood donors dnd patients with PC and ,
CFS for XMRV Abs using a similar method to that
developed as our in-house confirmatory test for human
T-Iymphotrpplc virus. (HTLV)-1 infection. in Japanese
blood doriors-in the late 1980s, as-no XMRV-positive
human plasma was available to validate XMRV Ab tests:

Pisima RT-PCR
P24 P28

Nu.dPCR )

. DNAG! 10°263T cells .

A : B -
“DNA of Infected 2937 colls
GAG-OM-F GAG-OA-R
e e+ M- 10° 104 10° 162 101 109 107 0 HV N
4 .
24t deletion

(¢}

N3

Nested PCR- -

usmg inner prlmer pair.

Figure 4 Detection of XMRV genes from viral Ab-positive PC patients. {(Af Prlmer positians used in the PCR assay (upper panel). Gly-Gag;
hemolagous region to glycosylated Gag of MLVs at the NH, terminus of Gag. RNAs purified from the plasa of viral Ab-positive PC patients
{24 and P28) were used in 2 nested RT-PCR ith primers GAG-O-F/R and GAG-HF/R. Unnecessary lanes between thé: negative control without
template RNA (N) and P24 have been removed from. the origina! image (iower panel). (8) The deteciion limit of nested génomic PCR Genomic .
DNA extracted from seriafly diluted 293T cells Infected with 22RvT cell-derived XMRY (ndicated as 10°~0) was mixed with genomic DNA
extracted from 10° 293T cells. For one reaction'of PCR with'a volume.of 20-ul, 100 g of each DNA mixtre was used. The final concentration of*
virah genome contained in 2 PCR reaction ‘was calculated as 7610.5-0.152 cell equvalems of genomic DNA from 293T cells infected with. 23Rv1
cell-derived XMRV {comresponding 1o the lanes indicated as 10°10" of infected 293T cells). The detection limit of the nested PCR was calculated
25 approximately 1.5 cell equivalents findicated as 10", Q) Inconsment results of nested genomic PCR tests for XMRY using genornic DNA
extracted from PBMCs. [n a 20 pL volume; 100 ng genomic DNA were used for amnplification. Nested genomic PCRs were performed on -

17 (1ef) and September 18 (right), 2008, M, molecular size' markes; N, negative control withput hicleic acids; P24 and P28, nucleic
acids purified fram PBMCs of P24 or P28; HV genomic DNA of healthy volunteer; PC, diluited XMRV VP62 gilasmid; arrow head, amplrﬂed band
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" Unlike HTLV and HIV infect.iom XMRV-positive plasma

bound only to Gag CA proteins in our study. However,
in feline gammaretrovirus infections, immune responses

are not-always strong gh to induce a detectabl

amount of Abs [21}. In an animal study of XMRV infec-
tion, Qiu and colleagues [22] found that rhesus maca-
ques intravenously inoculated with 3.6 x10° 50% tissue
culture infective dose of XMRV showed good ‘Ab

responses against Env.SU, Env transmembrane subunit

(TM), and Gag protejns: In this animal model; transient
viremia wis observed for less than 2 weeks, but-the Ab
responses prolonged over 100 days post-inoculation and
déclined thereafter without boosting, despite high-dose
viral inoculatxon [22]. These data suggest that XMRV
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Figure 5 Detection of XMRV RNA and DNA In viral Ab-positive samples. (A) RNA was purified from 1 inL of cocuiture supernatant of
activated PBMCs and LNCap-FGC cells (ane 2) or 7 i plisma (lanes. 3-6), For ane-step RT-PCR, 15 u! of 60 u! eluted RNA was arnplified ina 25 .
ul volume. CFS patients C4 and C32 tested. positive for XMRV Abs but C1 was negative. (B) Detection of XMRV env by TaqMan reaktime PCR
assay. Duplicated test samples of diluted XMRV ‘plasmid - {(vP62) were amplified. The detection limit of the TagMan real-time PCR was 4 Copies/
reaction determined by VP62 plasiid. () Duplicated test samples without template DNA in negative control (N} or with genomic DNA N
extracted from PBMCs of a viral Ab-posiﬂve PC patient (P24) and heakhy volunteers (HV) were amphﬁed as for (B).

rej)licétion is relatively limited in vivo to induce lasting
immune responses compared with HIV and HTLV
infection. ‘Alternatively, the anti-Gag CA Abs we
‘observed could account for cross-reactivity with other
immunogens, although seven of 11 Ab-positive plasma
samples showed high specificity to XMRV Gag (Figure
3E and Table 2}. In addition, Western blotting of 2262
blood. donors by Qiu and colleagues identified two
blood donors positive for anti-p30 (CA) Ab and one
positive for anti-gp70 (Env SU) [22]. These Ab-positive
blood donors.showed no multiple reactivities to virai
antigens, as observed in the present study, but the pre-
valence of the single antigen-reactive dorior was much

- lower than that in our current result (0.13% vs. 1.6%,
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glycasylated Gag of MLVs at (he NH; terminus of Gag, The detection iimits of the genomic PCR assays with piimers 419F.and 1154R, and In-For
363 and DelRev 461 are shown in (B} and {C), réspectively. Genomic DNA extracted from. serially diluted 293T cells infected with 22Rv1 cell-derived
XMRV was mixed with genomic DNA extracted from 1.0 x 10° 2937 cells. For oie reaction with a vatume of 20 wl, 100:ng of each DNA mixture was
used. The final concentration of the detected viral genome was calculated as 7610.5-0.152 coples {comesponding to the lanes of 1010 infected
293T cells, respectively) in a reaction. The detection limit of both-PCR tests is approximately 1.5 ceff equivalents of genomic DNA from 293T cells
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(uppel) and (Q) (middle). The human GAPDH gene was examined as an Internal control {bottom), M, molecular size marker; HY, genomic DNA of
ua-u.y N, no late; U, genomic DNA of uninfected 293T cells; P, genomic DNA of infécted 2037 cells.

respectively). It is possible that the positive reaction to
CA protein might include more cross-reactivity in our
study. Further investigation of human plasma collected
from individuals. clearly infected with XMRY is required
" to verify our Ab screening results.

At the beginning of our study, the presence of X.MRV

in the blood of PC patients had not been reported; how-

ever, we speculated that XMRV might infect blood cells

similar'to the infection of PBMCs by other gammaretro- -

viruses [23]. We obtained positive nested RT-PCR
results on plasma collected from the Ab-positive PC
* patient only with extensive PCR conditions of 50 cycles
.using outer and inner primer pairs (Figure 4A, P24). We
were, however, unable to consistently detect the XMRV
. gene in thé same patient 4 and 15 months later using
freshly collected blood samples. Co-cultivation’ of acti-
vated PBMCs by Concanavalin A and IL-2 with the

LNCap-FGC cell line, which is highly susceptible to.
- XMRV {17), gave.rise to devastating LNCap-FGC cell )

death (data not shown), and we were unable 'to detect
XMRYV genes in the cell culture (Figure 5A).. Our data.
suggest that P24 was perhaps infected with XMRV or

some related viruses, but viral replication in the blood

- was somewht limited. If this is the case, the prevalence

of XMRV"in PC patients {one of 67 patients) would be
relatively close to that previously reported [5]. We can-
not, however, exclude the possibility that the positive
P24 signal in the PCR assays was caused by contamina-
tion, as discussed recently {24:26), We did.niot PCR-
amplify mouse-derived genetic materials [24,25] because
of the lack of remaining P24 test sample that tested
pasitive for XMRV PCR, although we did use a hot start
Taq polymerase that is inactivated not by anti-Taq
mouse mAbs but by chemlcal modlﬁmtxon in our RT-
PCR test [26].

.- We-were unable to detéct XMRV DNA or RNA in

CFS patients, in accordance with the results of some

‘previous studies {8-12]. It is  unlikely that our detection .
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procedures caused such a blg difference from those stu- .
dies that reported a prevalence of 67% or 86.5% [2,7],

beciuse all studies employed highly sensitive PCR meth-
ods. The difference may instead be explained by the
characteristics of patient ‘populations. All CES patients
in our study met the Centers of Disease Control.and
Prevention {CDC) diagnostic criteria [27]; however, the
currently employed diagnosis of CFS is not based on

- objective and quantitative measures but on the claims of
 patients and some authorized criteria,
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HIV-2, HBV, and HCV. All procedures in the donor
screening study were performed according to the guide-
lines of the Japanese Red Cross Society, which do not
permit the detection of nucleic acxds from unapproved
viruses.

All patients with PC enrolled in tlus study (1 = 67)
received medical treatment at Nishiwaki City Hospital
(Hyogo Prefecture, Japan) between December 2007 and
December 2009, when plasma-samples were collected, .
and provided written informed consent. Whole blood |

Although our results of Ab screening ate ambig
‘we conclude that XMRYV infection is not involved in the
onset and/or progression of PC dnd CFS in the popula-
tion-we screened. Even if the Abs we detected, or at
least the XMRV-specific ones, were caused by XMRV
infection, there was no statistically significant difference
in the seralogical prevalence of XMRV among the three
populations of the study.. Moreover, the negative or
inconsistent PCR results in the Ab-posmve patients can
be expldined by the limited réplication of XMRYV in

_vivo, Alternatively, by assuming that the Ab reaction is

attributable to- cross-reactivity, the negative PCR results
likely indicate the absence of XMRYV infection in
patients. In either case, our results do not support an
association between XMRYV and CFS, in line with pre-
vious findings [8-12),

Retroviral integration is theoretlcally harmful to the
host cell because it disrupts the host genome. To reduce
the risk of XMRV infection during blood transfusion, a
reliable screening strategy should be established. The
implementation of such a screening or mactlvatlon pro-

- tocol for blood products, h , will be'i d by

the evaluation of the pr of XMRYV by a universal
test-with high sensitivity and specificity, which must be
urgently developed,

: Conclusions

Our data for Japanese blood donors, PC ‘patients and

" CES patients imply that there is no association between
‘the onset of PC or CFS and XMRY infection, although
_the lack of adequate human specimens‘as a positive

control and the limited sample size do not allow us to
draw an ulﬁmnte conclusion. g

Methods

Sample collection :

Plasma samples randomly collected from healthy donors
(n = 500} at the Iapanese Red Cross.Osaka Blood Center
betwéen December 2006 and May 2009 were subjected
to XMRV Ab screening. All donors hdd negative results
in the routine tests at the Center: antigen testing of
hepatitis B virus (HBV) and human parvovirus B19; Ab
testing against HBV, hepatitis C virus (HCV), HIV-1,

. HIV-2, HTLV-1, and syphilis; nucleic acids of HIV-1,

ples in ethylenediaminetetraacetic acid (EDTA) were
separated by centrifugatinn, and the plasma was stored
at ~-80°C until use. PBMCs of the patients who tested
positive for XMRV Abs and RNA were used for RNA-
SEL sequencing and viral isolation. This study was

-approved by the ethical commlttee of Nishiwaki City

Hospital.

CES patients in this study fulfilled the 1994 CDC
Fukuda criteria [27] and received medical treatment at
the Fatigue Clinic Center, Osaka City University Gradu-
ate School of Medicine, Osaka, Japan between April and
August 2010. Most of the patients were female (69%)
with an age distribution of 17-62 years (mean, 38 years).
The mean interval from disease onset to blood collec-
tion was 126.5 months (11-337 months). Duplicated
tubes. of 4 ml of whole blood in EDTA were used for

Ab screening and genomic PCR assay. Whole blood

samples were also collected into sodium heparin tubes
(Becton Dickinson, Franklin Lakes, NJ) for cell culture.
All blood samples were _conveyed to the Japanese Red
Cross Osaka Blood Center and genomic DNA was puri-
fied from them on the same day. Three aliquots of
genomic DNA purified from one patient were indepen-
dently analyzed at.three laboratories. This study was
approved by the Ethics Committee of Osaka. City Uni-

_versity Graduate School of Medicine and all blood sam-

ples were collected with written informed consent.

Cell lines and culture N
Human 293T and 22Rv1 cells were obtained from the

- American Type Culture Collection (CRL-1537 and CRL-

2525, respectively;: ATCC, Manassas, VA). Human pros-
tate cancer cell line LINCap-FGC was obtained from the
RIKEN" Cell Bank (Tukuba, Japan), and the GP293
packaging, cell line was purchased from Clontech
Laboratories (Mountain View, CA). These cells were
grown in Dulbecco’s modified essential medium’ supple- -
mented with 10% fetal bovine serum (FBS) and antibio-
tics. Rat hybridoma cell line R187 was obtained from
ATCC (CRL-1912) and maintained in RPMI-1640 med-
ium supplemented with 50 nM 2-mercaptoethanol, 10%
FBS, and antibiotics. Before collecting the culture super-
natant, the growth medium was replaced with CD
Hybridoma medium (Invitrogen, Carlsbad, CA)
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s'uliplemented with 8 mM l-glutamine. For combinant
Env production, S£9 and High Five cells (Invitrogen)

were maintained in $£-900 IIl SFM and Expressed Five

medium (Invitrogen), mspecﬁvely._

Control antibodies -

IgG proteins in culture‘supernatants from R187 cel!s )

prepared against SEFFV Gag and able to react with Gag
capsid proteins from a wide variety of gammaretro-
viruses (28], wére purified using a protein G affinity col-
umn (MabTrap Kit; Amersham Biosciences, Piscataway,
NJ). For anti-Env Abs, rabbits were immunized with a

mixture of two peptides (PRVPIGPNPV[C] of Env SU'

and [C]QFEQLAAIHTDLG of Env TM; [C] indicates an
additional cysteine residue for peptide purification), and
their antisera were collected and purified after five
immunization steps with a Protéin A affinity column
-(GE Healthcare, Buckinghamshire, UK). Concentrations
of the purified R187 mAb and ‘anti-Env pAb were 4.0
mg/inl and 8.5 mg/ml, respectively.

Antlboay screening
An infectious XMRV molecular clone, pcDNA3:1-VP62,

was provided by Dr. R. H. Silverman. To prodiice the .

viral * particles, 293T cells were transfected with
pcDNA3.1-VP62 by a lip e method (Lipofecta

LTX; Invitrogen). Two-days after transfection, the cul-

ture supernatant was collected, filtered, and concen-
trated 20 times by centrifugation at 20,000 x g for 4 h
at 4°C. The concentrated virus was suspended in a
Laemmli SDS sample buffer. As a negative control, we
prepared. an env-defective HIV-1 virus (pNLAenv, pro-
vided by Dr. A. Adachi) by using the same method as

for XMRV. A’ MoMLV-derived rétrovirus vector was’

produced using the GP293 cell line, with or without
transfection of an amphotropic Env expression vector
(provided by Dr. D. R Littman). Viral proteins were
separated by 5-20% gradient SDS-PAGE and either
stained with SYPRO Ruby (Bio-Rad, Herctiles, CA) or
transferred to a polyvinylidene difluoride membrane

(Wako.Pure Chemical Industries, Osaka, Japan) cut into -

strips. After blocking with 5% skimmed milk in Tris-
buffered saline (TBS), the strips were incubated with
1:100 diluted donor. or patient plasma samples at 4°C
overnight. After washing with TBS containing 0.05%

Tween-20, the strips were incubated with 1:5,000 diluted '

horseradish peroxidase (HRP)-conjugated anti-human
1gG Ab (GE Healthcare), and detected by ECL Plus (GE
Healthcare). For endpoint dilutions, a pair of strips was

blotted with 0.8 yig/mi-6.25 ng/ml (1:5,000-1: 640,000)-

R187 mAb and detected using 1:5,000 diluted HRP-con-
jugated anti-rat IgG (H+L) secondary Ab (Jackson
ImmunoResearch Laboratories, West Grove, PA) for
Gag, or blotted with 8.5 pg/ml-66.4 ng/ml (1:1,000-
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1:128,000) anti-Eav pAb and detected using 1:2,500
diluted HRP-conjugated anti rabbit IgG (GE Healthcare).

Other lmmunoblnt assays

To produce GST-fused XMRV Gag CA protem, a 789-

bp fragment .of the CA gene was amplified using gerio-

mic DNA of 293T cells infected withh XMRV derived

from 22Rv1 cells, and cloned into the pET-42b(+) vector
{Merck KGaA, Darmstadt, Germany). The GST-CA’ - pro-
tein was. purified by a Glutdthione-S 48

(GE Healthcare) from bacterial lysate of BL2% Star -
(DE3) (lnwtmgen) transformed by the GST-fused CA. -

| d. To produice His-tagged r bi
Env SU of xenotroplc MLV [19], a PCR-amplified env
-SU region was cloned into pcDNAS.1myc/His (Invitro-
gen) followed by subcloning of an env-His DNA- frag-
ment into the Bac-to-Bac Baculévirus Expression

System (Invitrogen). The supernatant of Sf9 cells trans- -

fected with the bacmid was used for infection of HighE-
ive cells. R binant Env proteins collected. from the
citlture sispernatant of infected cells were purified
a HisTrapHP column (GE Healthcare) ln the native-
.PAGE, concentrated viruses were suspended with native
sample bafipr (Native Sample Buffer; Bio-Rad) and sepa-
rated on a 5-20% gel ina Tris-glycine. buffer (25 mM
Tris-Cl, 192 mM glycine, PH 8.4). The subsequent pro-
cedures were for the Ab;scrgening immunoblot assay.

Detection of viral nucleic acids

For RT-PCR analysis. of Ab-positive PC patient samples
(Figure 4A),;RNA was isolatéd from 500 ¢l of plasma
using the PureLink Viral RNA/DNA Kit (Inwtrogen),
. and 8-pl of the 10 jul eluted RNA-was réverse-tran-
“scribed using Superscnpt 1L (lrmtrogen) with random
hexamer primers in‘a total reaction volume.of 10 pl. In
the nested PCR'assay, 3 ul cDNA or 100 ng genomic

DNA: of: PBMCs was amplified in a 20 il volume with -

primer pairs GAG-O-F/R and GAG-I-F/R [1] and
AmplyTaq Gold DNA polymerase (Applied Biosysters,
Foster City, CA) for 50 cycles: The PCR cycling condi-
tions were a5 follows: activation at 95°C for 5 min; then

50 cycles of 95°C for 15 s, 60°C for 15-s, and 72°C for .’

60 s (30 s-in the second-rotnd PCR), with a final exhen-
sion at 72°C for'7. min.
To'extract genomic DNA from CES patients, 4 ml of

10 min 4t room temperature, and 200 ! of the buffy
coat were transferred to:a 2 ml tube for DNA purifica-
_tion using the. QIAamp Blood-Mini Kit (Qiagen GmbH,
Hilden, Germany). We.divided 180 pl of eluted DNA
equally into three tubes for analysis at three indepen-
dent Jaboratories: Department of Research, Japanese Red
Cross Osaka Blood Center, and the Laboratories. of Sig-
nal Transduction and Viral Pathogenesis, Institute for

asing’

whole blood in-EDTA were centrifuged at 1500 x g for *
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Virus Resedréh, Kyoto University, ]apéﬁ. PCRof 1 yg
genomi¢ DNA in a 50 pl reaction was performed with .

primer pairs: GAG-O-F/R ‘and GAG-I-F/R [1] for nested
genomic PCR (daia not shown) or 419F and 1154R (2]
and In-For363 and n-Rev536 [6] for single PCR. In the
genomic PCRs, we used PrimeSTAR GXL DNA poly-
merase (Takara Bio, Shiga, Japan) with the following
conditions: activation at 98°C for 2 mif; then 45 cycles

of 98°C for 10 s, 63°C for 15 5, and 68°C for 45 5; and a

final step at 68°C for 2 min, For one-step RT-PCR (Fig-
ure 5A), RNAs were purified from 1 m! of 4-day culture
supernatants of P24 PBMCs activated with 10 ng/ml
concanavaline A (J-Oil Mills, Takyo Japan) and 100 U/

- ml TL-2 (e“Bioscience, San Diego, CA) and maintained

with LNCap-FGC cells or-patient plasma using a
QIAamp Ultrasense Virus ‘Kit (Qiagen). One-step RT-
PCR was performed using 15 yl of 60 l eluted RNA
and a 419F and 1154R primier pair 2] and the following
conditions: reverse transcription at 50°C for 30 min;
activation at 95C for 15 min; then 45 cycles of 94°C for
30 5, 57°C for 30 5, and 72°C for 1 min; and a final
extension at 72°C for 10 min,

. TagMan real-time PCR tests were performed- with 200
ng of genomic DNA, Universal ProbeLibrary, and Fas-
tStart ‘TaqMan Probe Master (Roche, Basel, Switzerland)
in a total reaction volume of 20 il with a Rotor-Gene Q
thermal cycler (Qiagen). Primer and probe sequences
are as follows: 5’-cctagtggccaccasacaat-3' (Env forward),
5'-ggccccaaggtctgtatgta-3’ (Env-reverse), and 5'-FAM-
getecagg-3' (Env probe, #1 of Universal ProbeLibrary).

The following condition was used: 1 cycle of 95°C for .
10 min, and 50 cycles of 95°C for 15 s and 60°C for 45

8.

ANASEL mutation

In patients whose serum tested positive for XMRV .

RNA, mutations. of RNASEL at amino acid positions 462
[18] and 541 [20] were examined as prevnously described
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electiophoresis; PBMC: peripheral blood mononudiear cell; PC: prostate
cancer; SDS; sodium dodecyl suifate; TBS: Tris-buffered saline; XMRV:
xenotropic murine leukemia virus-related virus; WT: wiki-type,
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Ahstract

Chronic-fatigne:syadrome (CFS) is a multi-systern disorderch stizgd:by prok fand
severe fatigie thatis ot rélieved by rest. Attempts to treat CPS hiave been largely ineffective

primagily Bscausc the etialogy of the disorder is unknown. Rccendy CFS hasbesn associated

with xenolmplc mufine lenkemxa virus-refated virus (XMRV) as-well-as other murmg Jeukemia
virns (MLV)«relafed viroses, (hough aotall stud:es have found these:associations. We collected - ’

~ blood samples from 100°CRS patients and ZQO selbreported heallyyf voluniteery fom thgrs,ame

gcdgraphiéal area. We‘ana'lyzedthesc ina blinded usihg molecul s’erdtogiéﬂ-and viral

teplication agsays. Wealso analyzed samples from patients inthe original stiidy (hat) repmted

XMRV in CFS W did not find XMRV or retated MLV, euher as:viral, sequmcs ormfeaaous )

vu'us, 1oF dxd we find annbodws 10, theswnmm iy anybf thepatlent Sanples, mc[uﬂmg mosa

from !hcnngmnl study. We shiow that af leastwma of thediser with_, ,“ studies is

due to'the'presenci.of trace amounts o{ inguse DNA iithie- 'I‘aq polymmsfs fmzymcsused in
lhes¢ previous studies. Qurﬁm_imgg domotsupport an:assogiation’ between CFS arid MLYz
related vinises fncluding XMRV and off-abel use of antiretrovirals for the treatmient of CFS

does fiot:seem justified at preseni,
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'I’ntrod;letimi

Chroni¢ fatigue syndiotne; a disorder characterized by Severe debilitating. fatigue dlong with

EoN 1 dach

I of post-exertion ialaise, joint and aches, h sore throat, terider

Tymphnodes, unrefreshing sleepand gpgriiiivc deficits, has had an uncertain etiology sinceits
recognition: An-gstimated 0:4 ©4%.of the US population-suifets from this disease (9, 17, 18).”

‘While:# sedés of infbt’:ﬁous agents and environmental toxing have been proposed to be tinked

with CFS,nonc have been-universally associated (2). Tn late:2009, XMRV, a.tecently discovered

teirovirus way detected inthe bkaud 6£68% ot - patiedts with CFS (12). More recently, another

.stu"" d sequences related to XMRV viz: those belongmg 0.2 polytropic murine Jeukemix

Virgs (PMV] in 86 5%:0f CFS: ‘patigntsand in only 6.8% of healthy controls-(11). There have 4l 50

been studies lhat faﬂed 10 detect XMRY in CES: patmnts in the US(6, 21, 24), in Burope (3,5,

_25) an;dm Chma (~7~), However; there: wcrc several confounding factors with many of these

stidies ingluding différences in patientch jzation, ditferences in-geographical lecationsof
patients¥s. controls, differences:in samjiles (whele blood vs. Teukocytes vs. plasnia), ard many

diffevences in methadsused to detest virus, For example, both studies that Found a retroviral

. assoctation in CFS selected their pa:ienté and dontrols from cmnpletcly differerit geographical

rcgmns €1k, 12). This-approach could resultin zspmous HéSUCldHOﬂ xf regiomal differences

among pfev.nlmg wms&s result in detcctmn of virug froim one regmn bt not frorn another;

Cantr} populations were oﬂzn.esmau‘, as fewas 43 in-one stady (25), and patient and-control

. samglés were often collected at différem titnes, sometimes severdl yéars apart(11), leaving open

:thepassibﬂity'thfu.‘ fient samplés might have been handled more ~ and thus possibly

cnmmiﬁ;@ e easily than eontrols: Furthetmore, invall except a sibset of satples from oné

Stindy-(12), snvestigators were nof blinded to the:identity of samples: Inall but two studies that
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" distinguish Hre Tack of ability to.détect KMRY:from 4 gemuine dbs nce of XMRV from samples

. :sludles (eswd ples ffom thc same.p

" - eollected, in a blinded manner,

failed -t derect virus in assoc(atmn with CFS'(5, 24), only PCR base“d assays were uged, thus "

1

rclymgheuvﬂyon . .Jm_nm raviral sequences, The limits qf‘dgte,_mon,r;produmbilny-

and precision.of the assays usédin diff@;emémdi& weré ot known, making it dificuld to:

Furth  tests :hathad ; ‘>‘mmom guehtd _nmofXMRV, suchaimm‘of .

" virus in culrared cells (14), were not used in subsequ tudics, Adequate ! erﬂa(hstcp‘

¢t ¢}

of the analysrs such as controls that Wou’ld flag containation occumng dutmgtbe nuc!elc atid

exmxcuonprocess Wemmmﬂy lacking. F\mhmna:& b ofnogatwem rols:shovld

cqual orexceed the expected prevalencc ef the vings fn thc cohlml pépulauon,]t is not;léar‘if

any of the studies employcd more than-one negatlve comml pcr expenmenl, whlch wouldbe

1mportam for the'd ion of E Iow icid of unu-;.-!v : ination. Finally, none of the

s that were tmmd to be pi)smvc in the orrgmal sludy

by ].ombard: etai{12). In Nne-with ourows imendation for an ace study (23) we

mcorporated all of these factors in thc design of the investigation réported hers, and have

pcrfonncd whnt we beliéve is the most wmprchensnve study to datc on-the p:oposcd association |

of KMRY and other related viruses with CFS..

We enmlled 105 CFS pahems, mcludmg 100 why fulf ﬂéd both nm 1994 case definition of the

cDC (4) as'well as the.cifteria defined by the Capadian s “docvment on myalgi

encephalomyelitis ME/CFS (1). Patients and 200 he,alzhy volunteers were all. from the érea‘fer

¥

Salt LakeCity at_éa, Blood samples from botli ey and"hedlthyv' cers were prospectively

cnvlﬂlcc’tc'd'and processed in-parallel. Tn conjunction with & third-party philebotomy servige, we afso

amples froim 14 patients in the collort used in the original CFS-

95

- 96
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ioo
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{io
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XMRV smdyvpefformed at the Whittémore Petarsén Tnstitute (WPT) (12). For ¥irus:detection, we! ‘
utilized four diffisient TaqMan GPCR assays, PCR assays:that fad resulted fn detection of
XMRV or MLV-Iikqsequmdes‘in previous:studies (11, 12)4nd an ELISA, fo look for XMIRY.

1' Acsubsetof samples was analyzed by Westery

sequéncesand aftibodies in all of dur

Biots: From samples we'al

£ o i

| w Lrow virus imeell culture, 2 (echmque ouflined

in the original study (12) and though labor-imenswe has been propased to be'the most sensitive

“inéthod Tor wral detectmn (14). All samplcs werc: processed and tested.ina blinded manner.

Mat’;ﬁa!s and Meth‘ods

Paﬁent and*pnmclpant selecﬁrm

Weinitially: 1denuﬁed ISO ‘patigrts’ tmm aclinje thiat, specmhzcs inthe dxagnoms and
management of CF¥ ,and ﬁbromyalgla. All patients had been n‘mgnoscd with:CFS using the
CDC Fukuda criteria 4) m & chmca] setiing by'aboard cemhed clinician (LB), 'ﬂ'xc vast |
ma;omy of ihese patients had' beenvserially assessed and managed by LB for many years 5}
verify the CFS diagnusis as pnrm}ry and'to tmarsymptoms‘and :my comorbid conditions. Each
»paife‘nt was éubjc‘ctively assigned a severity écnm by thc_cl'inix:i%in‘(\l = severely ill, dependent 6n

help; 2= moderafém‘sc‘vml(y ill; #iot able fo sustdin aregular sehedule of part-time work or

" sehool or 3= moderately:ill, -able. to sustain at Jeast part-time wotk or-schoal). All subjec'ts were

N:(:ru(tcd for the study by tclepbone contact wnhm a pne-week” pmod starting wuh the niore.

lmpmmd. unul l“‘ jents Had ully entolled, Atenrollment, subjects were screened to
detérmine if they met the Gahadian consérsus eriferia (1), and all but 5 qualificd for both case
gi;;fimuons. Subijects were administered the Rand SF-36 (26): The participants were 68% fomale

whicli is consistent withi femélejﬁ being afflicted with CFS ingrester numbers.
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) Conirols consisted of 106 ‘healthy, males and: HG healthy fcmales by: m’lf report,al’l eraployed at

SaltLake City. Parﬁcxpan(s were recruited via emaxl and enmlled dfizr mformed éonsent under

Umverxny of Utah IRB. protocol #7740

CES. onsnt, duration and hie lmpan!

CFS oniset-was repibried to be assocxated wnh vu'al-hkc symptoms in 72% of! pments Seventccn

patients had pamcxpated i the ‘Phase TIE Chmz.a} trial ofAmplxgcn (AMPSlB), whxeh ru;mmd

viraldike onset mc]uslon cmama Apeof OFS unsct was undcr SO Yeirs in 92% of; ‘all eritalled,

with 16% under age 20, 76% age 20-50, :md 8% over‘SQ. Average dyration of,aunessw?s 16 '

years, ranging from 2 to60 years. The patistits had been under the caré-of the: CES linician for
an average &6 yc_ars,_vwith 80%:fram:5-10 years, the pewest und@:‘ear«;{fni Zmomhs;ax;d the

tomgest 16 years. Patients:had been sick an averigeof 9 years biforeinitial consultéiion af the

‘clinie.

To a%css lec 1mpaet of CFS the subjacts were adrmms;cxcd he: Rand,SF«Bﬁ on tha day of tﬁc '

b!aod dmv Developed a8 2 36 item selfaeporti instrament for the: Medaeal Outcbme& Stady,the
8F-36 asgesyes. ovetall hcalth sv.a\us»ihrpugh 8 subscaie -domains: 1) hcalﬂu-rclaced Timitations in
physwa! functiening, 2) limitations in soclal fuacucmng, 3); lumtatmns of usual Tifes rule
acuvmes due t&: physmal ﬁacwxs, 4} hmuatwns of usual hfe mie acuvmes due to cmononal
facmrs 5) pain, 6) emmxonal we}l hemglpsychulagrca! diszrcss, 7) energy/fauguc, and 8) gcnexal
health (26) Using | lhe Rand scoring melhod scoresm’l ‘these 8 spbsm\ﬁs Tange frcm for miost

severe sympmms to.a best scoréof 100. In our- s.mxplc of pnnems. 78% of partxcxpants scorcd

A35
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157

- ot CPS/ibromyalgia, 10 of which wérpblood:relatives.

<50:01 ihePhysicéLEgmcﬁon ‘subscale, 88% of participants scoted 0 on the Role Functioning due

‘1o Physical Factors subseals, and 92%-of participants scored <25-on the Encrgy/Fatigue snb.scalef :

Thiese scores indicatew high level of physical disability and Hmitations.on 4bility to work, to-care

- Tortiome or Iamif'y.«a; perform self-care due tophysical factorsin this sample.

The: average agaof females was 34.6.yr (median 30:yr) and avcrngc BMI {Body Mass Indcx)

- 237 ’1' wentypcrcmt had i famlly J‘mtory of prostate canéer, 18 of which mcludcd blood-

Telatives: (4% did ot .knew ahqut family histqry of prostate-cancet). One:female reporied a

¢

diagnosis of fibromyal gia, wnd 179% reported family history 6t CFS/Mibromyalgia, 14 of which -

- included h]wdsrc!aﬂvcs (4% didriot know aboul family history of. CFS/Fibromyatgia). The

avemgs age nf malm was'34 6 yr { medum 33 yx) zmd ihe averdge BMI was'27.6. No: parficipant
had evier been dxagnosed wuh prostate cancer, Fourteen petcent hada:family history of prostate
ca,hcer, 12:6f wbrch mcludcd btood mlahw,s (1% dzd a0t kaow family hlsmxy of pmsm(k

canter). No: mah}srcponed adiagriosis of fibromyslpia; however 13% rcpor(ﬁd afamily istory

Bi’ood samyling protocol.”

. Tmmediately aﬁex amval 4l the: clmlc, subjects were. ngen fxxll details.about the. study vcrbally

and An-Writing: had ail quemom zmswcred and prcwnded mfam:ed consent i wutmg accwrdmg

9@ protacoliapproved by the: Umver‘snty af Utah‘IRB* Eor-15 min on average, lhey sat guietly

and corhpléted&elﬂtepert qfues{ionnai’rfés. then had blood dawn, The clirical research division of

ARUP Laboratoites, Salt Lake C-i‘xy, Utah, golledted blood samiples-from alf'300 individuals
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' within'a period.of 3 weeks. Bload was cdflected intg 8.5ml vagutainer tubes (Becton-Diekinson);
ZEDTA aod 1 serum separator. After Allowing the bloodtoiclotat rdent tetrperatife for 30 min,

thie. serum separator tube was spus for 10 miat 3,000 zpm. Scrum ghiguots of 1 mlwere frozen

in cryovidds:at -80°C. From the EDTA,tuBes, Iml of whele blood why removed and s(ored at-

80°C in cryovials (Nunc). The remaining vul'ume was spun' for 10 min at 3,000 rpm ‘mr* plast

aliquots of 1m! were fiozen iniéryovials at 80°C The buffy coats were mmovnd an‘é cnmbmed

. infora 15mi Falwn tube for each mdmdual and” 7ml of. ACK lysis buffer (23) was added tothe .

tabe 1o clearred blood cells. The tubewads mvertcd 5times; mcubataﬁ.at rOOm temperamm for

- 10 mmutes. and cenmfugcd at 3,000 rpm forS mint The' snpcmatam was duu;rded zmd the pellet

msuspended in 10m1 of wash buffer (PRS, ,zmM ED’IfA). After spmmn‘g for5 mm at. 3 000 1,

me pellet Was dlv:ded imta three aliqlmn. one in Ll of fotil calf servin containing, 10% viv

DMSO, anotfu:i'mlml of RLT buffer containing guanidine fsothiocyanate and 1% bets-

¥4

metcaptoethanol (Qxagen), and the thm:l with‘out any buffer. AH aliquots were sfd‘md i cryovials

a-80C. o R

Nutleic-acid extraction from buffy coat.and whole bload
Nugleic avid from buffy coat was éxtracted usifig'thie DNeasy Blood and T issue Kit, {Qiagen) -

31

forevery7 13

following:manufacturer’s directions. One extraction conteol-was |

Y

that were extracted,

PCR - guantitative and nested

Al ﬁPCRs ch.'e done’using the TaqMan probe system ona 7900HT Real Time.PCR System -

with a standard .9‘6~wéllv block module (Applied Biokysteras). Bach 20pilreaction eotitined 1x

182
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192
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. 198

196
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199
- 200
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202

203 .

TagMan Univetsal PCR M;'xsterkM;'X‘, 900nM forward dnd teverse primers, 250mM TagMan
probe; and 400-1,000:ng of BNA or Sytof water. Thermovycling, conditions were 50°C for 2

nin; 85°C fcf 1071tin, followed:by 45 cydles of 95°C for 15 sec and 60°C-for 1-min Four XMRV

amplicons were used, 63bp in LTR, 157bpin gag, 656p product in pol, and S6bp produck.in .

The:63bp LR product was coinposed of 47F (5" AATAAAGCCTTITGCTGTITIGCA3"),

 TU9R (5% GAGGAGACC&I@CCAAGGAA:S’_), wid TAMGB (57-6FAME

AAGCGTGGCCTCGG«'MGB—? ). Tie 157bp ag product i compsed of 505F -

GAm TTTIGCTTTCGGTTT TALG:3"), 663R (5'-TCCCCAGTGCTGCAAGGTY ), and

‘ 618MGB (5‘ TE’I% ACAGACCGTAACTACC MGB:3"), The 65bp pol. pmduct was composed

of U526 (e CGAGAGGCAGCCATGAAGG-S’) AGIOR.{57- °
GEGTATACGGGGTT GAGTCC& '), and AST2NIGB (5"-6FAM-

AGTICT. AGAAACCTCTA@ACTC-MGB:B'} The: 86bp env product was composed of 6356F

(5" BOATGCECCCAAAACATG-FY; 644 1R (5" GGACCTGOCOGGTCAGAS'), and

6393MGB (5'-6FAM- TCCACTGGGGCCGAC-MGB-), VAMP assay taassess DNA
initgrity was compoéed of 5-6131: " CCL"‘:CACA‘C'ITCTGGTI'I"I‘CTG»B")?.%§90R -
CAGOATCTCTECTACCCTTTCAC-3, and 3645MOB (5'

AGCAL:GGATA’FCTAAGC ~MGB—3 ). TAP assay to'Took for momc DNA camammatmn was
composed of IAP_F 5 GCCGCGCCCACATI‘C 3, [AP- R (5
CGCAGATTATTI‘G’I’I‘TACCAC’ITAGAA 3%, and TAP-MGB [$".TET-
CCG'ITACAAGATGGTGCI‘.GAABY) Mlul assay tolook for XMRV plastiid éontamination

was composed 6f MItT-F (5'- GGTGGCECCCTTOEC.3Y; MiniR (5=
AGTTAGCTTGCCTGCATCCTTT:S'), and Miul-MGB (5'-6FAM- CGTGGTAGCAGCCAT:
MGB3Y.
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_ Platinum Taq mstead of 0.5 U -and addbédu’ﬂ’w ¢ "'*«fn : bsequent PCR

For'the nestéd PCR, weénade 2 modxi‘ cations o the cmginal promcol 1) We used 1 plof

L s h L

‘tontamination with ampl_an;.

XMRY SU récombinagt protein

Forwasd primer with Xhol simS‘-ATTATCQTCGAGéAACéTGACAGCCCTCAC-3' and

reverse. prlmar with Hind]]I Site’ 5‘-ATTATCAAGCTI‘ C’I‘ITICAAACTGGCCATAAA 3 wcre

used to PCR ampley $U from pXMRVI £22). Forward primcr with Nhel site 5‘-
A’X’IATCGCI’AGCTA.GTGAATGGCGCGTTCA 3 ind. merse pnmer with Xl site 5’

ATTAT. ACTCGAGGGAGCCGGGCGAAGCAGTA-?}‘ wére used to' PCR amplify (hgugnal

peplide (P} from pNCA PCR pxoducts Were purified :mddmgeslcd withe 1hc1r xespecﬂve

restriction enzymes: Xhiol and Hdel’I for SU fxagmqnt, Nhel a_nd,XhoI.er 5? fr»agmem\ :

| ¥ammatiai ég( presaion véctor peDNAS, Imye-His(-)A (Invitrogen) wag digested wiﬂ‘{ Nheland -

HindIH. Digested S tragment, SP fragmerit, andrvector were ligated to triake: pXSUS!? and

transforined into bacteria, INA preparedand verified by

juenciiyg, and transfected:ing 2T

cells with Lipof_cctdmincizmﬁ f]nvitmgcn). Supf’:mamixgwas collecfed after 72 hr; tested by

" westein blot assays, and-purified using His-Pur Gobalt columbs (Bierce) following: -

manufdcturers’ directions. -

ELISA wnh humnn sera.
150ng of punﬁcd XMRV SU protein dﬂuted il PBS was absotbcd onto: 96-ch1 Maxr&orp Flat~
Botxom Immung plams wemxght AT Nunc). Plzb:es were washed ﬁm; times wiih d:tetgem‘

free: hxgh,_sau wash buffer (0,030 Potas_sium Phosphalte, OOSOMSadinm ‘Phospﬁaﬁe; 2908

10

- 234
25
B

s

238

239
240
2
22
243
: 3244'-

245

H&H«cmugamdA re Reabs fr%sgp'xéu't goatiéx‘:ti-hmnan G adribud-y’ was added -

: (Iankson ImmunoRcseareh il plates weremen mcubated Jor Ibrat RT and washed agam

vash Huffcx with §.05%: TwcenZO TMB Substrits was addcd and.

’ aﬂa&eﬁfﬁ inéubaéezfor iﬁ»mm At RT. Developmant was smppad with TN suffuric-acid and the

absmbzmcc was; measured at 450nm dnd 651)nm Results were expmssed as 0D450 ODSS() o

wrmct fm: m'egulanuasm the p}atc

Western blok assays witli bushan sora:

Spg of! f}'sm‘iﬁed'XMRV SU profeinor Sug of-uninfecied 293T céli ] -‘ﬁ ¥ di{u(ed a2k

sample buffer (2% SDS SOmM Tris [pH 6 8, 10%-glycerol] and: hcatcd f0r 5 win at 99°C:

,Protems were. lnqded mta 4—20% gradlcnl Precxse Protmn Gcls (Pitice) in'1x THYHEPES/SDS

ranning’ buf[ ¢ ,(Pieme) Tha gel was, run at 150V for 50min Trarmfu 0 PDVF lmmobﬂon-FL

1
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266
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269
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272

ThlS pwtuco] was adaptcd from the one’ used m the ongmaI study that: fmmd XMRV i CFS ( 12)

wuh extensive. Help from Dr.Frank Ruscem (L:ukocyte Bwlogy Section, NCI) LNC‘aP cell;

(15 000 cellshwell of 6iwell L\:ay wnh 3004l RPMD wcre inoculamd Stk 100 pl ofy]asma from :

patients of controls: Trays wcre cenmfuged at900xg | fcr 3. mm, ovcﬂaxd with Sooplof REMT und

incobited overmght at 37°CHn 35% COL airmix An: addxt’xonal 2t of RPMIwas added xhe

follnwmg mommg When.cells bccame confluent, thsy wm u‘ypsmmcd ang: lmnsfcr{ed 40 8 'I‘~ 2

25 ﬂask andwhen that conflug thace]ls wetd u'ansfem:d mw aT=75 ﬂask Cells wers .

- passaged forat least 6 weeks, and at week 2 dand 6, cells werp lysed m(o RIPA tmffer(’[‘ns

50mM pH 7.4, NaCl 1_50mM,, SDS 01%, 50{111!!11 deoxyeholatei):é% annXlOO l-% #. Roehe .

C ,‘ Pmmasc hibitor Cocktail) for: analysm by Western, b]ots and into guamdxum R

isothiocyanite contammg AL buffzr (Qxagcn) foi‘ exlractmn of DNA and qPCR analysxs.

Wesnem Hlot on spin moculatmn samples

Snmlar to westem blot pretocol above exeept ’Zoug t© SOug ofwhole cell lysata Wi

1 ophs ) branes were: p:obed wuh anu-XMRV rabbxt‘nml -serum (22) at 116 000

andiat ann-tuhu]m (Mmipow) Al 10 000 ovennght at 4"C fol]owed by goatanti rabbu»m 700 -

(Bockland) at: 1 10 DDD and | goat-cmu-rat IR 800 (Rockland) at’1:10,000 ar: 2)1\' at mm

tempemturc

Resixlfs -

Patient selechon and stady deslgn

Weenrolled 105 patxems from & Salt Lake Cuy chmc thiat: specxa];ms exclus:vely in the

diagnosis and maragement of CFS and: ﬁbromya]gm Al paticnts hiid: been dmgnoscd With CFS

127

278

279

<380
o
 '2'82.
e

inales arid 100 féhiniés,

- populaﬁon

R demv a;m-XMRV ~ght1bcdxe.s.

for both case def\mtmns The pamcnts wcn: 68% Yemale wuh an average age-af 48 yeatsirange

,20«70), and 90% of themt hved w1thm 504 mﬂe r;xdxus of Salt Lake Cny, Ut.xh For detzul'; on -

’onsek, severity, and durauon of illness, see Matenals and, Melha'ds Controls consisted of 100",

all althy by self«ropuﬂ‘ avérage 4ge3s ycars, and Iwmg m the: grizater

P

SaltLakerty ar(:a.» hepamcxpants X '*questr naite ta‘asiess; "m'heahh, helght

wc:ght,'persoﬂal and famﬂy }nsm e of prostate eancer and CFS (sec Marenals and Methods):

anh " calthy volunteers and pauems wére gnmanly Cancamam reﬂecungthe local

: hcalthy volumeﬁrs were cmployc‘d full tme, Among the CFS paucnts atotal of

J43%: wem»qnable o Witk or_anendcol_l/zgc even part tiie; inctuding 13% whe wete on

: samples fmm all 300 mdwxduals wx(hm S penod uf 3 weeks’ (see Maierils aid Metlmds dnd Fig.

l) Anucnagu!amd whole blood was separated mww}me bleod cells (for DNA 1sol.mon and

'qPC.'R assays) andptasma (for ingeutation of Cultured ce\Is toadsay for viralseplication): Wlmle

3

“blood was also aRowed toclot zmd the serum used for ELISA at\d“" stotn blots:: , desigoed

GPCR assays for XMRYV are sensitive to atléast five virl copibs.



295" In'ordet to be conf

307

308

309

310..

311

312
313 4

U314

315

316
‘317

296

;r\tnrvmn pre

TUns:-on 3 éxffcrr:m days, The assays had gaod mt.ra-run pmscxsmn th{;a mean CLV of i 0 99%, and

2150 good 1 mzer-run preci

specific forXMRV and; dnd not detect ather commonhuman patbmg:ns mcluding other human

".retmvxrusgss (Flg ZC}

a2

the mffemm Tevels ofXMRVDHA wete amphﬁed in % diffeent o

1

e
E »322 :
s
e

a2 ‘~
327 ss
323
329

381,

337

337

338

338

" 319 B

were rclmb Y posntxve Tor 50 and 5 icopies.oF XMRV plasmiid DNA To vcnfy that: the DNA

.exlract:d from samp]es Was-of. adequate and comparable aiiafity; each sample wats also’ tesr,cd by

iated ', protei '7) (22}, and

wntamed 12'wells; wnh Water” tissiea of. fcmplate DNA,; these were always ncgzmvc,

cxpmed
o

: Abselice of XMRY. anfi-‘SU anfibodies in serim of CFS patients and healthy v’olunteem

‘ Infeéuon Rhcsus macaques wxlh XMRV ‘has ahdwn that the: most “promingntantibody’

responge 510, e XMRV Env pmtem, gp70 (SU) (16); We thsted seeuni from CFS paucnts and

healihy Volunteers fof reactivity 10 recombinant YVIRV SU proteini in an ELISA that we
Hé?elqﬁedf wait‘ﬁﬁJXMRV afitisera Were uied a8 cofitrols: W found nb difference in (e

renctivity 1o XMRV-SU piotein between patients and healthy volunteers (p=0.541, Kruskal.

Wallis test) (Fig, 3). Sarmples with reactivity higher than 2 SD froin the mean were tested by

Westeniblotiffigagainserecombinant His-tagged XMRV-SU protéin. For controls on the

Westert blots, wé/ﬁsgt} 'a,H.is—t%\g;géd‘ ;:vm‘;cin'(hat: i nnmiam;i~&o FKMRY, ‘a5 wellav dninifected

15



340
341
342

343

345

346,

347

348

© 7349

350
351
352
353

354

355

356

357

- 358
359

360

361

362

celllysates. While we saw a/good réspbnse withi the XMRV antisers; 1io 'r‘egc»_ﬁ?ii‘ty :wa;‘_séén‘ with

any-of the:-human sera.

Absence of intecuous XMHVm plasma of CFS pntiems and healthy volunteers

Tfoculatifg cultured cellg 1h paucnt plasma and momtonng for. evndencc of: XMRV rcphcanon
* has’been prope d:to beﬁm ‘sénsiti method For XMRV detecuon in plasma sample: ﬁ'om
CFS patients (14), Beeanse of thedabor-i vena’uzwof(hts merhad e, decz

) thxs procedure on a subset:of our samp)es (n'—65) cho:en by ) rdndumnumber generatcr, Wc

inoculated INCap: crzlls with 100 jkof: pla.sma from:31: pahemx and 34heal(hy vx)luhtecrs, ‘and.
passaged the edlls weeklyfor 6 weeks, 13 neganve cm\trals andQ posmvc( contmls were also

mcluded On\y one cultire was handled 4i a time to prcvem any CrOsgH conlammaﬁon Aﬂcr

. weeks 2, 4-and 6, cultures werg lySed-and analyzed by, Westein blots IEi_g. 4) and by qPCR for

XMRY. No XMRYV protein or DNA was detected in any-of the cultircs.

Mouse DNA i% presentin'a reagent-tsed i‘x’x/previduslfy bubiikhcd- nested'\PCR assay
&mce we were unable to find any ev1denne<)f’XMRV nsmg our scnsmve qPCR assays, -
serologxca] rnethods or viral. growth as;ays, we dec;ded oest our sﬂmples Using the PER: assay

firstosed in the original study that ﬁ)uq_d EMRV i C,FSX.(L?,). Anomq;:§tpdy atilized a modxf‘\_c;i-,

nested version of this assay to discover the presers nfpolym.ﬁemnﬁm'"t‘ ia virus-like

sequencm AnCES(L1). Usmg thrs Assqy, We found appmxxmately 5% cf ur samples to be

pnsmvc for products of the txpecied size, regardlcss afwhether they werep«mems theallhy v

volunte@rs Tewas possxble that our-saniples were conta:mnawd witt XMRV plasrmd DNA eveil .

though work-with thc.plasnu_d is done, tn,g_s‘:pgratclabma{u;y. Wc.dcc,xda;i to test £or. t!a:s:

6.

363
364
65

v 366

367

368

369

370’
371
372

373

374

375

376

377

378

379

380

381

382

383

384

385

- We'next check "”our, plES Wike:

-~

: ;poss;biluy wnh q'PCR pnmera ﬂankmg a):esmcuﬁn site for ¢ndonuclcasc MLuI that had hccn

. m!mdueed d\mng!he ccnstructlon of; nurmfacuous clone @2). Thus, thie: laboratory plasmxd can

be mstmgumhcd from #wild isoldte ot’XMRV by a qPCR assdy where the probe would hind to

lhe Mlul sue Fig. A shows thab the peak ﬂuorcssence fmm \‘.hc reporter tor plasmld pAO -H4,

* whigh does: not have (he MJuI sﬂe, s consxstendy luwer tha e Ml comammg plasmxd

pXMRVl i vancdwpy y b 3 }f"‘.‘, his:assay, we d d that nonegf the positive i

redetions- were gue to cantmingfion wirh the XMR V infectious cloge, - ,

i widh 1ouse DNA, sinee fhat ha‘s been showa

o bea potennal source of XMRV hke w;uenm (15, 19% Based on an assay first: mtmduccd by

Oakes eral (15)v we: dcvcldped A qPCR TaqMan iissay to defeet small-amounts of contammamxg

_mouse DNA.J’hnsnssay targetedthe s,equnces coding for inlracistemal Astypé particles (TAP),
- which are’present i approximately-2000 copies per:diploid gedome :x;f nany mouse suaiixs €13).

‘Asiseen inFig. 5B, owr qPCR assay-was Iineax; dév'zﬁ.tb a¥'little a5 62.5fg af CSTBLIG onse.

DNA and conld reproducibly detectas 'ii;t]c 45 625 ng of motise DNA per reACtion; mal’éin;;ib a
remarkably-sensitive iiethiod fof—'ds{eclionof*cqnmpinaﬁng,mmﬁe DNA. Using this assay, we

detéfininéd that our samplegldid}néteon[ain any Tootse DNA, and thenested PCRs could not be

- positive due to moise DNA in the samples.

Whei zepeatmg he: nesxadj’CR assays, we nouced that the initially posmve samples wers fot

congisteritly positive i subsequent nesed assays: How ,t‘nepmpomon of positive reactions

omained constant st sbproxiuately 5%, Even though extraction dnd amplification conials (1

peiF sartipl sy wee fitently negative, , Suspecied that contams ‘;.,.,bofa,?_C\Rmagicnt

17
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388

. 389:
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391
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393
'394

395

39%

397

398

399

400

401
40z
49:{
A0
Qs.
- 406:

407 -

‘blghly scnsthve assays ﬁ;f XMRV

Platmum Taq polymemse {Inmrogen) tested posm e for IAP sequence

mcreasmgamoums of both Taq polymerascs resulted in: pmgrcsswely’l

Blinded sibset of saiples from the ofiginal XMRV-CES study wis hegative for XMRV .

18:

10
411

412

a3

414

¥ist
416
41A7",

418
a9
- 420
421
. ‘?:.22
o

s

425

4267
A2y

428

; px:ocesmd the bloed g the.same promcols ag for our heafthy vo}unteers ami CFS pauem

Aisél ey reached: We tested thess

409, KMR

”samplcs. Thus thie; samp‘r‘ 3 j ; i v catich lab whctc XMRV m:gm be present

P

Saniples. using all of the assays we deve]oped four qPCR

assays{, ELISA and Wcstcm blms None ot the samples contamcd any: evxdence of XMRV

Semlo,gu:ally, mem wis no d

fcmnce m t.he :eactmty . XMRV-SU bctwcen heahhy volumcer*:

and the.b PI coherz (pwalue =0 467, Kruskal-Walhs mst). mdxcaung !hat therg.was'no. ™

dctectabie axmbody response that asspecific XMRV if the WP cohort, thermore, we

, -dlsg analylcquWPI sam?]es usm nesxs utihz.ed in the twao studies that fvund XMRVior -

XMRV hkt: viriises in' CES vxz & FCR assay for 408 sequunccs, bom in smgha-xound (12) and*

nesied: ﬁ)miats (ED, and @ test fmt vmxl rowthiin culturcd cells (12) Neither of these tests

- revealed any cvxdcnc: ﬁf XMRV

Discussion

‘We examined blood samples from 100 CES patients and 200 regiopally matched healthy

voLumms Thr: pauenfs met both CDEA F\xk\ida am}’Canadzan eiiteria for CFS/MB andgver

7()% reponed ithe;

Giationof a.ﬂu-hk:.x]lncs&thh i Gtiget of their dx»grdcr‘ Allblosd. -



431

432

433

434

‘435

436
437
438

439
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442

449
450
451
453

453

samples had been freshly crﬂlected blmded, pxocessed, and analyz:ed xdemxca'{ly Specml care

was taken: to:avoid comammatmn using proper cnnmcls durngNA extraction,. spm moculauon,

and PCR anilysis. Despite using anumi carefuliy terized fests matwerc capable of
detecting smalt amounts of XMRV and related MLVE; we dxd ‘ot detect XMKV m any nf our

1

ples. Thiese tésts consisted of scnsmveqPCR asszys. ELISA anidl Western b]ms thatwe:

developecL ‘We also perforitied PCR dssays for gag sequences used in the stud:es that. fuund

XMRYV or XMRV like viruses m CFS €t 1 12):Tn addmon, we'used 2 v1ra1 rephcauun assay

" used in'the original study that made the association bbtiween XMRY dnd GBS ) andwas

claimed to beithe most sénsitive assay for XMRV. deiection. Extending;these negative firdin g%;
and addiigmore validity 1 ouristudy Was oui’ inability-to-detect any XMR Vin sﬁm“plsé fiom

patients that had tested positive for XMR.Vm Ihe -offginal study. We reporthere a.repea testing. )

‘ of samples obtained from CF$ patients that wcre racn.uted, diagnosed and definsdias posmve

exeimnplars of KMRV infestion by the i mvcsugatom who performed the original WRL: bam:d study

'I'hxs testing ‘was-performed-in an mdependem }ahomory (ours) using riany of lhe Sare
techniqaes dsin thc; otiginal study. To.our knowledge, thisis !he‘ﬁrs( study tor.réport: negatiw}_e_
firidings aftera fall repetition ofall assay nethods in patients whg*ﬁavé‘;iréviq{xsly tested

positive for XMRV.

Our expmlcnce has. mugm s that the detecnon of XMRV in‘blood is: fraught wnh dsfﬁculnes In

ourown Iabotawry, starfing: wnh ahquofs of sampl From patients that we:reportere;
we.ini tmlly foind some. samples to be. Qnsmve for XMRV-DNA frof 'tf.‘;sc‘s'é;aﬁiju_u‘cs Thiad been.

extracted owa biorobot [Qiagen) in'a 96wl f@ﬁnat“Twelvcwcﬂssﬁrg@ﬂhtﬁu@ouﬁhé plate:

served as negative cxt‘raic:!ién'c‘onqols,:gndafew of these dlso tested: pé‘siiive_.-lt tyins:out that a
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46z
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465;

467
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469
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472
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474
475

476

ex wie Gare ROt contan ‘_ m..plcs inall ot our

fevi-mont! yli{)}"l() ext w blood samples the same Biorobot had beén used to éxtract

&

i D A frpmt ssue culmm cells tha( hadbeen mfectcd with X'MRV Despne\‘he several momhs

1

intepval betwes:n the twe: extraclmns and thc e of stesile; di lisposable 1 i the b q

@ obtmned false positivesinonr: negauve exm«c\mn comro)s anii some pahcnt ‘Samples. Once

- We ahéndoned thc bmrcbm, and used ncw ahquots of: sampks 0 éxtrac( DNA manually, we'did

'not ﬁnd ‘any’ pmentm'heahhy valunteer samples to be posxtxve We cummu:d ﬂus process of

o "i PN i
= b 3y

assay Because the viral: rcphcauon assay congists of pa‘:sagmgcells moculated w::h pauenl

samples and cammls moculafed with i ‘fecuous XMRV. every:week for 6 8 wceks, 1hls amay is
espenmlly vitlngrabléto contammauon We prevemed thig by handling on}y o su{ of cultures i
th(;-bms{itety cabmet_'a( a imégand meticulously decon}ammMEd the cabiset hetwim cultures
with 70% ctﬁaﬁol ai{dUV‘irrhdialiﬁn, Thig mide the vijal rcplicalinn aséay very timg-consuming
and labor-mtenswe. and: we eouid perfmm it only ona; subsgzt -of-our sampleq Butitis easy to:ses
how the. aample exiraction.dnd: nssne cu]tum processes mxghl be the mést vilnérable to
cqntamnguon.. ptovxdm_g a pqssxble ~e;plzumtion; torwhy the: 14 ,samples» from individuals tested
rep‘catedl‘y by the WPI bvéx,a»peridd of tWo yedrs: were: positive i their hands.and negative in
ours, O eaxlyifalsaposiﬁvﬁ findings did have one; benefit: they confirmed b@énd a'doubt that
Gurissay migthods wete highly sengitive to evcn\ﬁn‘))riquanlitic;,s‘ O XMRV; and thiss we would

have every »exﬁgc,ta;iod nf‘i?ctegﬁng’it'if it hait Beeh presentin any. of the samiples we. tested.

e presonce of motse DNA it PCR reagents emphasizes the crical i £proper.

comrols and carcfuliy chosen;. sensmve assays to de(ect ﬁace amounts of mouse DNA Sam etal.

'(20,) found: tIxa;»Elapgum‘ Taq mlymcrag»e (Invmogen) contained RNA from polytropic.

21



d cell cultufé%mgiliﬁcatidﬂ ALSEYS,, ’setolo,giéal (assays have.theadvantx{ge of

477" endogenots MLV issing a sensitive RT-PCR kit.’ghisis, 26t too strpitsing b & the moys 560

478 monoclonalantibody used to pmveﬁt enzyme Activity, pdb‘r' to’:héa v non xmghtbe ﬂle source ' » 501 »
479 ofmouse D\TA -in, lhe enzyme, What was: sorpnsmg, bowever, was our findmg mouse saqucnces C+ 502 bécause of non-spec:ﬁc bmdmg of anubodxes~te related anugcns Semlngscauy, Qur. paufmt

480 v Invitrogen” srez:mnbmam Tag polymerase thatis expressed o B colis we: dre not &ure what the 503 : sgmples app;:ar Jnd;stxggugsl\ahlg frgm ,qom_mls, ds.do t(hwamglgs Imm the: WPI‘cohan: Ris

481, soutee.of mouse DINA is, in this case: Wc ﬂld conﬁrm, howevcg ﬂm App[xed i 504 péi}sfblémitassays 'thiiﬁ hawt:: fopnd angiémky.ﬁeacﬁx}ity in CFS yaxieﬁ(s are due 10.gross-

Fprint

482 Anmplitag: Gcld _polymcras;: that was used fnall of ouf: qPC,Rs,, b h here and in premoux, smdxes . : = i -

| 505 'xﬁabﬁvitymiic‘latéd@ntigens.

483 (5.22,25ydidnot contairy any detectable mause_Q&A; Lo etal used fbe ’m,dmg’of m:,gaﬂve 71506

ad o

484 'reeults witli'th ritackond ial; il jb § "::R ésskys 1o’ 1_’,_’ :/' e assemon u»m thﬂr ) o 5,'03' - vaen rhe lackof ;;\)id:enec forXMRy or XM.R‘Valik; »viingc‘s,in ol cofiGrt, of CFS patients as
485 sampleq wes frecof mouse DNA Like others (1S, 19), we: propcst: thc' demcnon af IAP : " ’ - ;.g Y /_ 308. wel! ias the. Iack oﬁhcse it ', i @ 'pﬂtfen“cs" " 5% tcstcd po‘;ztwe, we fesf that thal
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ansay. wﬂh 4 FAM repom showmg

Flg. 3 ELISA 10 measnre reactwity of lmman sera agmnst tec’ofnbinant XMR‘V-SU

Fig. 1. Studly schenie shawing colleetion, bro

paticots and Hedlthy volintbers;

) pXMRVI‘ Thp f : n,’““ed inza back kg
diffcrcnc;; indTuo ; et i the FAM ) 647
Testmg for cross reactivity (or spccxﬁcxty) of XMRV qPCR assa.ys agumst other eommon human . ; 648 :
pathogemc \lmxses A posmve chmcal eample or plasmuiDNA ftama arie ; 649
- pathogemc viruses was amphﬁed using thc TR and; poki (s’nlN} qPCR assays. No. sxgmﬁcam » 650
CrosS-teactivity was seen wﬂh any of tha follo\vmg BK vurus, Cytmmgaiovtrus (CMV), Epstem _'651
Baervinis (EBV), Entemvxms (EV) Human Hcrpes vuus 6 Vammf A (HHVG A), ‘6’52:
chpes virus5 Vanam B (HHV6 B), Iuman xmnmnodchciency vxrus (HIV), Hurmm : 655;
motapiedmovifis (-HMEV‘), Inﬂnenva A vims (F-LUA) an‘d g /ncnza B vmxs (FLUB) E‘ach 7 654
samyle was extracted Wi th an exogenons mlemal cnnfml’piasmid 162 Lontalfing c; elegqm ' ‘ '§-§S
pax1/9- gene fuseid:to GFP, added 1o each aliguot u" vhiole blood pri vr’m sample é : V u65,'6
lmtgmal control plasmxd was co—amphﬁed \wth each mmpte o fdm ( y4pqtenual 1 657
‘PCR Andto momtor cxtmcmm efﬁcmcy Exlmctwn was cﬁicxeut as seen ftem thc IC C;s B58: »
'rangcd between “3 Sand 359 656

pmtem. Se,m from CFS ‘patients (black bars) heamxy mzﬂes (hgm gtey Bm) and healihy femalas

¢ kgwybm)i Senktion ‘ﬁgﬁ?dﬁﬁv\('sﬁifrégment*(ésied‘ixfthrca:ré‘pﬁc:';t‘es:'Arr(')W

ng‘ B, Nestcd PC 4 msny. A M]uI qPCR astay-fo detect pXMRVl contmmnahon The 5 end
of thie: px‘ohe spans me MluI msmmm sxte thag wily mtwdm:cd to-cteats pXMRVl pA() H4
wh«;h does nnt hzve the. MluI msmcnon site has Tower peak ﬂuorcscanca ag wcll as a delay in

C.s f”m thie same copy numbers of plasmxd B. Sensmvuy of e JAP qPCR assay far d\fferent

) mnonms cf CS’TBUﬁ Toouse DNAmngmg from625: ng o Gj ag;allin fhe prcsence of 400 ng

of.human placental DNA 8% Neslcd PCR on asmall set.of samplee, showmg 5% samp}cs to be
posmvc for MLV gag sequences’ usmg’NP] 1 GINPI 17411, LNCaP genomic DNA shiow:in lanes

G Anel) reprnsems negauvc comro] Lano shows IOObp 1addcr D, Detecnon of mouse DN A,

mPJatmum Tag (IP Taq, wau:ogen) and RecambmamTaq (R Tag; Invxu ogen) ‘butriot in

Amyhtaq Gold (AAG qu, ABI) For sach gPCR; assay, the left’ cx)lumn shows numbar of

c’h WS h

rephcatcs that are pusmvc, .md fhe nghr 3\ IVETaAg \4 at whu:h posmvny oceurs.
The morc XMRV-spacxﬁc pol gPCR: assay (m mphcates) wag consxstcn(ly ncgatwc, but JAP and

gag as;ays (exg}mrep}:cates each) were both posmve as more Pla(mum or. Rccembmant

was: used as templahs.
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: ¢ et Murine-like gammaretroviruses (MLVs), most particular virus within this group, XMRV (xenotropic
& 10 E "_o ) notably XMRYV [xenotropic murine leukemia virus murine leukemia virus-related virus), has been reported
g N (X-MLV)-related virus}, have been reported to be to be present in a subset of human prostate tumots (4)
'é’: . & il present in the blood of patients with chronic fatigue and in blood les from patients with chronic fatigue
BEs 6 syndrome (CFS). We evaluated blood samples from syndrome (CFS) (5). Other murine-related
© ) " 61 patients with CFS from s single clinical practice, gammaretroviruses (ML Vs) have also reporiedly been
E-:é g2j, 43 of whom had previously been identified as ‘detected in CFS patients (6). The infection of hu
- XMRV-positive. Our analysis included polymerase with these viruses is controversial. Investigators
20 25530

AAG Taq 201-)

chain reaction and reverse transcription polymerase
chainh reaction procedures for detection of viral
nuclelc acids and assays for detection of infectious,
virus and virus-specific antibodies: We foundno
evidence of XMRYV or other MLVs in these blood

) samples. In addition, we found that these

gammaretroviruses were stmngly (X-MLV) or

partially (XMRYV) susceptible to inactivation by sera.

from CFS patients and healthy controls, which
suggested that establishment of a successful MLV
infection in humans would be unlikely. Consistent"
with previous reports; we detected MLV sequences
in commercial laboratory reagents. Our results

- indicate that previous evidence linking XMRV and

MLVs to CFS is likely attributable to laboratory
contamination.

Xenotropic reu'ovihxses, first discovered in mice, have

the 1 ch istic of being endogenous 10
animal species, i.e., integrated into the animal’s

genome, but not able to re-infect cells from that species.

However, as-the name (xeros, foreign) i these

evaluating independent cohorts of CFS patients have
failed to detect XMRV or other MLV (7-12), and
contamination of human clinical material (13, 74) and
reagents (e.g., Taq polymerase) (15) with mouse DNA
ing MLV-like seq! has been reported.
To investigate these discrepancies in a more direct
manner, we performed an extensive virological
evaluation of blood samples from two human
populations with a clinical diagnosis of CFS (76), many
of whom had been diagnosed previously as XMRV-
mfec(ed The first (P1) consisted of 41 CFS patients
rangitig-in age from 5 years to 73 years who came from
a private medical practice (Sierra Internal Medici
Incline Village Nevada) Twenty-six of the CFS
subjects (63%) were female and 15 (37%) were male;
the female median age was 52 years (range 5 to 72
years) and male median age was 49 years (range 20 to
73 years). These patients were an unselected,
sequentially enrolled population submitted for
diagnostic tesling to Wisconsin Viral Research Group
(WVRG), and were therefore a trije cross-section of the

L (3

viruses can infect cells from other animal species. The

xenotropic murine leukemia virus 0{¢-MLV), for
example, infects cells from several species including
humans but cannot infect many mouse cells (1-3). One

fients in the medical practice. Thirty-seven of these
41 palients had been tested previously for XMRV.
infection by the following assays: whole blood PCR,

‘serum PCR, or viral XMRYV culture with PCR (17).

- Sciencexpress/ www.sciencexpress.org/ 2 June 2011 / Page 1/10.1 126/scierice.1204963

Downloaded from www.sciencemag.org on June 2, 2011



These evaluations were performed by a commercial
(VIPDx, Reno, NV) or research laboratory (Whittemore
Peterson Institute [WPI], Reno, NV). Twenty-six were
reported as being XMRV positive and 11 were reported
- as being negative. Blood samples used from this patient
cohort were archived diagnostic specimens and,
heref pt from IRB consideration [46.101
(b)(4), Code of Federal Regulations}.
The second population (P2) came from the same
dical and subjects were selected largely on
the basxs of a previous posilive diagnosis for XMRV
infection. This patient cohort included 29 CFS patients,
26 of whom (89.6%) had tested positive for XMRV in
at Jeast one of the three virus assays listed above, and/or
had antibodies to XMRV detected in a commercial
(VIPDx) or research laboratory. (WPI) (5) (table S1).
Twenty of the patients (69%) were female and 9 (31%)
. were male with a- médian age of 52 years. Nine of these
subjects were also part of P1 (table S1). Fresh blood
samples were used for viral culture and testing (sce
supporting online material). For the serum inactivation
studies, seven healthy UCSF laboratory workers,
ranging in age from 21 to 72 years, served as contzols.
These volunteers were afebrile without signs of any .
illness. This research received approval of the Human'
Subjects Committee at the Universify of California, San

extenslve study of patlent populauon P2. We used
multiple methodologies to evall P2 blood sampl
for the presence of (i) nucleic acids derived from
XMRV. or MLV, (i) infectious XMRV and MLV and
(iii) XMR V-specific antibodies (17). Ficoll-Hypaque
unﬁcd peripheral blood mononuclear cells (PBMC)
were evaluated by RT~ PCR procedures directly or
after activation with phytohemagglutinin (PHA; 3
pg/ml for 3 days) using primers and protocols described
by others (6) and previously demonstrated to be highly
sensitive for detection of XMRV and MLVs (6, 18). In

. addition, plasma was evaluated by RT-PCR in a similar

manner. No MLV was found in the PBMC or plasma of
these 29 CFS patients (Table 1, Fig. 1B). The positive
control, consisting of the 730 bp fragment of XMRV _
amplified from prostate-cancer cell line, 22Rv), was

 able to detect at least 10 copies of XMRV gag DNA per’

reaction; second-round PCR detected 1- 10
copiesireaction (table 83).

We next investigated whether mfeeuous XMRV or ‘

MLV was detectable in the P2 blood samples. The

 patients’ PBMCs were added 10 duplicate plates of _
early-paésaged mink lung cells io enbance detection of .

X-MLV and maintained for 5 days (2, 19, 20). The
PBMCs were then removed and the mink lung cells
passed weekly for 3 weeks. Culture fluids were then

Francisco. All participant: signedIRE pproved

consent forms. . -
We initially assessed the penpheral blood leukocytes

" from the 41 subjects in PY for XMRY DNA using
nested PCR targeting gag (primers 419F/1154R and
445F/870R) and env (primers 5922F/6273R and
-5937F/6198R). The sensitivity of these PCR assays is.at
least 10 XMRV.genomes per reaction (table S3). No
XMRV DNA was detected in any sample (see Fig. 1A
for representative data). Notably, & chart review of the
4] patients revealed that 19 had two blood samples
drawn on the same day by the same phlebolomist, with
one sample submitted to VIPDx and the other 1
WVRG. For XMRV analysis, VIPDx used diagnostic
technologies identical to those utilized in previous
studies on XMRY and CFS (5). The chart review
indicated that 53% (10/19) of the blood samples were
reported by the commercial Iaboratory as being positive
for XMRV DNA. This difference in our results (0/19)

- versug the chart review results (10/19) was statistically

" significant (p< 0.0004; two-sided Fisher's Exact test).
" Our failure todetect XMRV. DNA in patient
population P1 prompted us to undertake a more

luated for infectious XMRV or MLV by monitoring °

the induction of focus formation in the mink S+L- cell
line (19, 20), by measuring RT activity in the cell
culture fluids (21), and by PCR analysis (11, 18). We

. also looked for infectious virus in culture fluids from 19

patient PBMCs that had been cultured for 1-3 weeks
after PHA stimulation. As summarized in Table 1, we
dxd not detect XMRV or MLV inany. of the pauent
samples '

A previous study reponed that 50% (9/18) of
patients with CFS had plasma antibodies reactive with
XMRV (5). We 'evaluated 60 plasma samples from Pl
and P2 patients for the p of XMR V-specific
antibodies by means of two direct format
chemiluminescence immunoassays (CMIAs) usmg
either 1emt pISEor pe gp70 )
recombinant proteins of XMRYV (22). 'l'lxese assays can
detect antibodies to other MLVs. None of the 60 plasma
samples from these CFS patients was reactive in the
pI5E CMIA (Fig. 2A). One of the 60 samples was

* weakly reactive in the gp70 CMIA with a sample/cut-

off (S§/CO) value of 5.4 (Log N of 8/CO = 1.68).
However, the plasma was not positive by Western blot

Sciencexpress/ www.sciericexpress org / 2 June 2011/ Page 2/ 10.1126/science. 1204963
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" (WB)assay using purified XIMRV viral lysate.as well

as rccombimm gp70 protein (22) (Fig.ZB)j It was.

Y

Fuﬂ.her studies of anuvual respcmses inthe P2
d whether serum samples from these
pahents could inactivate X-MLV and XMRV Previous
work (2) had indiéated that X-MLV is sensitive to
inactivation by sera from healthy individuals, most
likely by human compl | (24-26);.conceivabl
CFS patient sera are deficient in this activity. X- MLV

.and XMRV were mixed with unheated or heated human

sera from 7 healthy subjects and from 19 CFS$ patients
(17). Both viruses were susceptible to inactivation by
unheated, complement-containing sera from both
groups; over 4 2-log reduction in virus infectivity was
noted in several cases. XMRV was less ible to

passage of VP62 led to proviruses with accumulated
multiple point mutations (fig. S3). As suggested by

others (30), independently derived XMRV DNA
" sequences should show incieased genetic diversity

compared to.the VP62 clone sequence. Therefore, the

- remarkablé conservation of the WPI-XRMYV sequences

is most consistent with laboratory contamination with
the original infectious VP62.
In conclusion, we have found no evidence (hat

© XMRYV or other murine-like gammaretroviruses are
- present in blood samples from 43 CFS patients who

were previously reported to be irifected by XMRV (5,
6). Notably, over a period of several months, 7 of our

suqucts were studied on tiwo occasions; 2 subjects, on -

three ions. B our blood les were

btained from CFS patients from the same clinical

* inactivation than X-MLV (Fig. 3) most likely reflecting

the passage of XMRV through human cells, which
renders the vinis less sensitive to human complement

practice that provided the majority of patients described
in the early XMRV report (5), differences in the patient
cohort or clinical diagnosis cannot account for the

(24-26). These results; as well as other reports showing
restriction of XMRYV replication in human cells (27,
28), suggest that an established MLV mfecuon in
‘humans is unhkely

Because neither XMRV or MLV sequences or

infectious virus could bedetected in the blood of the 61

CFS patients in our P1 and P2 popul,mons, we explored

“whether XMRYV and MLV sequences might be present

in research reagents used ta detect these viruses. While
our own studies Were underway, other investigators
considered the same possibility (29) and reported that
motse DNA and MLV sequences were detectable in

. reagents and tissues used for RT-PCR (13-15),

panmtﬂarly the mouse monoclonal antibodies (MAbs)
inTaq polynwrasc preparations (15). Notably, we

. detected MLV sequences niot only in 3/5 Tag

polymerases that utilize MAbs, but also in 9/17 other
MAb, ining reagents used in research laboratories
(table.52) including antibodies to CD4, CDS,.and

© CD14: Sequencing of these PCR products revealed a

high degree of sequence homology with known MLV
sequences from laboratory strains; they most closely

bled the MLV seq ported by others in the
blood of CFS patients (6) (figs.-S1 and 82).

. ereagent contammahon, however, does not

1 the detection of XMRV by
Lombardx at. al ) We ‘have found that the DNA
sequences of 3-XMRV proviruses they described are

identicalto that of VP62, which is the prototype XMRV :

cloned from prostate cancer tissue (4). Long-term

discrepancies between our findings and the previous
observations. We believe that the detection of MLV in
human blood in previous studies (5, 6) reflects
contanummon of reagents used 1o assess their presence
and/or inatign of hmmn ples during
lat ipulation of the ir XMRYV clone,
VP62 (5) In addition, our studies indicate that X-MLV
and XMRV are fully or partially inactivated by human
serum, suggesting that these viruses could not readlly
blish 2 human infection. Since an activated i

" system has been observed in CFS patients (31), the

possibility of another infectious agent(s) being
associated with this illness merits continual attention,
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Tabie 1. SW of assays used to evaluate Elood samiples from CFS patients in population P2. Information
dbout the CFS patients is provided in table S1. Two subjects were studied twice within a 3-month period (table Sl)
and gave the same results, :

Assay. SRR Percent XMRV-positive ()
PCR analysis ofPBMC-denved DNA: - - 0B )
RT-PCR analysis of patient p]asma - 0031y’

PBMC culture fluids* -~ .~ S 0Ny

Reverse transcriptase assay of ‘supernatants from

mink lung cells gnssed after PBMC co-culture*
*Infectious virus assay: Fluids were tested for infectious virus producuun by revérse transcriptase (RT) and the
mink S+L- cell assays (see text) (17). ‘fInsufficient cells were available for these studies from subject #24.

0 (B0t
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Th retrovirus XMRV (xenotropic murine leikemia
virus-related virus) has been detected in human prostate
tumors and in blood samples from patients withi chronic
fatige syndrome, but these findings have not been
replicated. We hypothesized that an understnnding of
when and how XMRV first arose might help explain the
discrepant results. We studied human prostate cancer cell
linés. CWR22RvI and CWR-R1, which produce XMRV
virtually identical to the viruses fecently found in patient
samples, as well as their progenitor human prostate -
tumor xenograft (CWR22) that had been passaged in
mice. We detected XMRYV infection in the two cell lines
and in the later passage xenografts, but not in the early
passages. In pnrticnlnr, we found that the host mice
contained two proviruses, PreXMRV-l and PreXMRV-2, .
which share 99:92% identity with XMRYV over >3 L2~ .
kilobase stretches of their genomes. We conclude tilat

~ XMRYV was not i)resent'in'the original CWR22 tumor but

was generated by recombination of two proviruses during
tumor passaging it mice. The probability that an identical

' _ recombinant was generated Independently is negllglble

(~107"%); our results suggest that the association of XMRV
with human disease is due to'contamination of human
samples with virus origi g from this r binati
event. - ‘

Murine leukemia viruses (MLVs) are retroviruses belonging:
to the genus Gammaretrovirus that cause cancers and other -
diseases in mice, and they are divided into the ecotropic,
amphotropic, polytropic, and Xenotropic classes on the basis _
of their receptor usage. Xenotropic MLVs cannot infect cells
from inbred mice but can infect cells from other species,
including } X “,'murme kemia virus-related
virus (XMRV) was isolated from & human prostate cancer
(PC) in 2006 and has been reported to be pn:sent in'6to 27%

of human PCs (7, 2yand in the penpheml blood of 67% of
chronic, fatigue syndrome (CFS) patients (3). The assertion
that XMRV is circulating in the human population hes been
challenged by several studies that have failed to detect- -
XMRYV in multiple cohorts of PC and CFS patients or healthy

controls [reviewed in (4)]. Endogenous xenotropic ML Vs can
- infect human tumor's during passage through nude mice (5), ’

and it has been suggested that XMRV may have arisen in this
manner (5, 6). In addition, XMRV replication is highly .
sensitive to human APOBEC3s and tetherin (7-11), making it
doubtful that XMRV replication occwrred efficiently in
human penpheml blood monenuclear cells of CFS patlents as
previously reported ®).-
The human PC celt line CWR22Rv/ (}mr_eaﬁer 22Rvl)

(12) produces infectious XMRV essentially identical in

to that obtained from patients. 22Rv] contsins >10

proviral copies/cell (13), and was proposed to have been _

‘derived from an XMR V-infected tumor. This cell line was

derived from a xénograft (CWR22) that was established from

.a primary prostate tumor at Case Western Reserve University

and $erially passaged in nude mice (14, 1.5). To explore the
origin of the virus'in 22Rv/ cél]s,-wg analyzed various
passages of the CWR22 xenograft as well as a subline of the
CWR22 xenograft (2152) from which the 22Rv/ cell line was
established (12), and another prostate cancer cell line, CWR-
R1, which was also derived from CWR22 (16). Fig. 1A traces
the timeline of the serial Xeriograft transplants of CWR22 up
to the derivation of the cell lines 22Rv] and CWR-R1 and
indicates (bold letters) the samples that were available for
analysis. Nude mouse strain(s) maintained by Charles River
(NU/NU) and Harlan Laboratories (Harlan Sprague Dawiey
[Hsd]) are likely to bave been used for in vivo passages of the
X ft (17). DNA samples from passage 3 (777, Fig. 14)

and‘an unknown early passage (736) were obtmned along
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with samples ffom & 7th passage, CWR23-9216R aad
CWR22-9218R. A xenograft tumor from the ealy 7th
passage was indepéndenﬂy propagated at the University of
California, Davis using Hsd nude: mxce (CWR22-8R and 8L).
Total nucleic acid from relapsed d
tumors (CWR22R) 2152, 2524, 2272, and 2274 and the
22Rv] and CWR-R1 cell lines was available for analysis (14).
We verified that the Xenograft samples (736, 777, 9216R,

9218R, 8R and 8L) and the 22RvI or CWR-R1 cell lines-were .

all derived from the same person by perforfuing short tandem
repeat (STR) analysis at 7 loci (Fig. 1B and fig. S1). The
probabilities that the xenografis and the two cell lines have
the same allele patterns for these loc1 by chance are 16%100
13 and 6.3 % 10", respectively.

To quantify the amount of XMRV DNA in the CWR22
xenografts, we developed a real-time PCR primer-probe set’
that specifically detected XMRV env and excluded murine -
endogenous proviruses present in BALB/c and NIH3T3 |
genomic DNA (Fig. 1C).'We used quantitative PCR of 22Rv]

to generate a standard curve. The CWR22 xenagrafts had
significantly fewer copies.of XMRV env (<1-3-copies/100
cells) compared to the 22Rv] cells (2000 copies/100 cells).
The CWR-R1 cell line had ~3000 copies/100 cells, and the
NU/NU ‘and Hsd nude mice, thought 1o have been used to
passage the CWR22 xenograft, had 58 and 68 copies/100

XMRV eny, bt not gag sequences weré firesent (sequencing

coverage arized in fig. 83), i ting that the early
xenografts did not contam XMRV However, we did find that
carly xefiografis contai 1y undescribed XMRV-

related provu'us that we have named PreXMRV-1 (Fig. 2B).
The complete sequerice.of PmXMR_V-,l_ was determined from
the early passage Xenografis, the NU/NU and Hsd strains, and
the CWR-RI cell line. PreXMRV-1 and consensus XMRV

differed by only one base in a 321 1-nt streich of the genome -
.encoding the 3° half of pol.4nd the'S® 2/3 of env: In addition,
Abe LTRs were nearly- ldmtlcal PreXNMRV-1 had a single

adenine deletion relative to XMRV in a run of 6 adenines.
The two genomes differed by 10% over the remaining 3.5-kb
stretch of' gag-pro-pal and by 9% in a 600-nt stretch at the 3°
end of énw PreXMRV-1 is repli defective because of a
16-nt deletion in gag and 4 +1 framesluﬂ mutationin pol.
Late-passage xeniografts 2524 and 2274, but not 2152 and
2272, also contained PreXMRV:1, The detection of low *

. levels of XMRV env sequenice in the early xenografts (Fig.
_DNA to estimate 20 proviruses/cell and used the 22RvI DNA: .-

1C) can be attributed to the PreXMRV-1 proviruses. present

" inthie contaminatirig mouse DNA. Overall, these results

indicate that PreXMRV-1 is an endogcnous murine provirus
that is present in the NU/NU and Hsd strains; but neither of
these strains contains XMRYV (the PCR and sequencing
coverage are detailed in fig, S3, A and B).:

To sereen for the presence of endogenous XMRV in

cells, respectively. Since ft tumors are expected to mouse strains, we developed an XMRV-specific PCR-assay
contain a mixture of! ‘human and mouse cells, we quanuﬁed . based on sequence differences in the LTR and gag lcader
the amount of mouse DNA by g mouse intr - regi texciuded ail known endog murine

A-type particle TAP) DNA as previdusly described (18, 19).
Approximately 0.3-1% of the total DA from all 6
xenografts consisted of mouse DNA (Fig. 1D); this result is
consistent with the <i-3 XMRV env sequences/100 cells
‘detected in the same samples (Fig, 1C).

We characterized XMRYV and related sequences in the
Xenografis, cell lines, and nude mouse strains by PCR and
DNA sequencing (Fig. 2). Using primers previously used to
clone and sequence XMRYV froin 22Rv1 cells (8), we -~

determined that all the XMRYV proviruses in the CWR-R1 and-

22RvI cell lines are identical in with the’

) - retroviruses (fig: $2). A survey of 45 labdratory mouse striins
N and 44 wild mice failed'to detect XMRV (fig. $4). In asearch

for provxmses that might contain XMR V-specific sequem:e
features, we found a second previously ridescribed

. endogenous provirus that we nared PreXMRV-2 (Fig. 2C).

A portion of PreXMRV-2 cotresponds to an-1124-nt
quence of an éndog p s from the 129X1/8v]
motise genomie (Ace. No. AKHY0159188; 1) (6, 20). The
sequence of PreXMRV-2 revealed that gag, pol, and énv
mdmg frames are open and can potentially express
L proteins. A:3.6-kb stretch éncompassing the gag .

of some rare hypenmutated proviruses (Fig. 2A and figs: §2 -
and 83). Next, we developed several primer sets to. - -
specifically amplify XMRYV sequences and exclude -
endogenous murine retroviruses (fig. 52). Primers that
specifically amplified XMRV were used to perform PCR on .
.- DNA from the late-passage xenograﬂs 2152, 2524, 2272 and
- .2274; sequencing confirmed the presence of ﬂwse XMRV:
sequencés in these tumors (Flg 2A and fig. S3A,; boxed m
Fig. 1A).

‘and sequence DNA from early passage xenograﬁs (736,777,
8L, 8R, 16R, and 18R; Fig. 2B); the resulis showed that

leader region and gag-pro-pal differs by one base from the
‘consensus XMRV (99.9% identity); in addition, a ~700-nt

; region of e is 99% identical to XMRV; hiowever, the LTRs.

and the  Temaining Viral genome differ by 6:12% from

consensus XMRV. Phylogeneuc analysis indicates that, :
- PreXMRV-1 groups with xenotropic viruses whereas °

PreXMRV-2 appears {0 be a recombinant, grouping with
polytropic and modified polytfopic viruses for certain

; slretchcs of its genome (ﬁg 85);
We used the same XMRV-specxﬁc primer sets to amphfy T

" Weé screened 15 mouse straing, which: mcluded 12:nude

. mice, for the presence of XMRYV, PreXMRV-1, and

PreXMRYV-2 using XMRV-specific primers, primers that -
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. thatis jall o q
MVsteponedtqdate anddlffmngﬂ'omtheconsensus -
XMRV.by only 4 nucleotides. The six switching events .

amphﬁed XMRV or PreXMRV-1, and PteXNRV-Zospeclﬁc ‘

primers (Fig. 2D ‘and fig. $2). None of the mouse strains
contained XMRV arid only the Hsd and.the NUNU outbred
nude strains containied PreXMR V-1 (Fig. 2D and fig. $6). Six
of the 15 mouse strains contained PreXMRV-2, but only the
NU/NU and Hsd mice contained both PreXMRV-l and. .
PreXMRV-2 (Fig. 2D and fig. S6). It should be noted that .
sinice the Hsd and the NU/NU are outbred strains, individual -
mice dxﬁ'er in their endogcnous proviruses, NU/NU mice
showed variation in the p of these two end

. proviruses, and two out of five animals tested contained both -

(fig..S6). The 22Rv! cell line contained only XMRV as
_wnf'u-med by sequence analysis; however the CWR-R1 cell’
line contained both XMRV and PreXMRV-1. The CWR-RI-
cell line has beeri reported to.contain contaminating mouse

- cells (21) (and see IAP signal, Fig 2D), which is likely to be

the source of the PreXMR V-1 sequences.

We used the same specific primer sets to-delermine the
distribution of XMRV, PreXMRV-1 and PreXMRV-2 in
early and fate xenografts (Fig. 2E). None of the early

. Xenografls (736, 777, 9216R, 921€R; 8R and 8L), but all of
, the late xenografis (2152, 2524, 2272, and 2274) and both

cell lines were positive for XMRV. The primers used to -

’ detect PreXMRV-1 could also-detect XMRV; sequencing

analysis of the PCR products from all of the early xenograft

~

< XMRYV isolates have 2 G at position 790. The insertion of an

A at position 8092 occurred within a run of 6 adenines;

. frameshift mutations commonly occur in such homopolymers
 during retroviral replication (22). A comparison of the

predicted recombinant to the available XMRV sequences is
shown in fig. S7B. The available XMRV sequences all have
the samie six recombination junctions predicted in the
hypothetical recombinant, and differ from the consensus

| XMRVby3=14 nucleotidés. These differences may be the

result of esrors during PCR or sequencing, or mutations
during the passage of XMRYV in another cell line.
Phylogenetic analysis supports the predicted recombinant
virus as the precursor of the virus in the CWR22 xenografts,
the 22Rv/ and CWR-R1 cell lines; and all XMRVs isolated
and sequenced from patients (Fig: 3B) (23).

o Our findings indicate that virus derived from two

T i

y ibed murine 2t retroviruses,
PrcX'MRV—] and PreXMRV-2, most likely underwent _
retroviral recombination to generate XMRV during in vivo
passaging of the CWR22 xenografl in‘nude mice. The fact -
that both parental endogenous proviruses were present in
some of the nude mouse strains used for in vivo passaging of

A,

- the xenografts indicales that there were opportunities for this

recombinant to form and spread in the tumor cells that were

detected only PreXMRV-1, but both XMRV and PreXMRV-
1 were detected from the lale xenografls 2524 and 2274 Fig.
2B). Amplification with PreXMRV-2-specific primers

. revealed the presence of this provirus in early xenografis 736,
" 777, 8R and 8L, and late xenografls 2272 and 2274 (Fig. 2, C

and E, and fig. $3C). The variable detection level of
PreXMR V-2 in the Jate xeriografis could b due to individual
differences in the outbred mice, and by extenslan, in the
mouse DNA in these samples.

Companson of the PreXMRV-1 and PreXMRV 2
sequerices revealed that the regions of near identity to XMRV
are reciprocal and largely n erlapping. We therefore

hypothesized that recombination between these two
retroviruses resulted in the formation of XMRYV. As shown in
Fig. 3A, reverse transcriptase template switching events
during mmus-strand DNA synthesis can form a bi

. the progenitors of the 22Rv/ and CWR-R1 cell lines. Only 6

template swx(ch.mg events, which is close to the average of 4

p pet replication cycle (24), are needed to

a binant that is both jally identical and

ancestral fo all XMRV sequences characterized to date from
cell lines and patients (Fig. 3B). We have estimated the
probability that the exact set of template switching events
occurred independently is 1.3 x 107 (fig. S8) (23), making it
very likely that' joni of human samples with XMRV
originating from the relapsed CWR22 xenografis or either of
the two cell lines, perhaps through other intermediate cell

" lines, contributed to its reported association with PC and

CFS. Our results and conclusions relate to XMRYV delection -
by isolation of virus of this specific sequence (/-3), and do ‘
not directly address detection of antibodies or viral antigens

(25, 26), or PCR detection of related but distinct MLV

of all'of the

4 in'20-73 nucleotide streiches that are identical
between PreXMRV-1 and PreXMR V-2 (Fig. 3A, red -
numbcrs, fig. S7A). Of the fou: nucleotide differences

the predicted and XMRV,

- only »the A>G change at position 75 results in a conservative

va_Lme-to—:soleucme amino acid substitution; the other 3
substittions bre silent. The 22Rv/ and CWR:RI cell lines as
well as VP42 have an A at.position 790, whereas all other '

T (27). We note, however, that most “XMRV-
specific” PCR assays may detect PreXMRV-1 or -2
provifuses in contdminating mouse DNA, and that specific

" detection of XMRV requires the use of pnmers that flank a

crossover site.
The altemative possibility is that recombination belween

-PreXMRV-1 and PreXMRV-2 oceurred during mouse

evolution, giving rise to an endogenous XMRYV provirus that

 is present in mice and can occasionally infect humans. We

think this posslblllty is remote because analysis of the early

*kenografts, which contained-contaminating nude mouse -
DNAs, failed to detect XMRYV. Furthermore; we were unable
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10-detect XMRYV in‘a screen.of 89 inbred and wild-derived
mouse strains including 17 individual nude mice (fig. $4) -
(23).

We conclude that XMRYV was gcnemted asa result ofa -
ion event b two endog MLVs

unique 2

" that tock place around 1993-1996 in 4 nude mouse carrying
the CWR22 PC xenograft. Since the probability that the same
recombination event could oceur independently by random

chance is essentially niegligible, any XMRYV isolates with the
same or nearly the samie sequences identified elsewhere
originated from this event (23).
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