








specifically recognized 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 subinit (S
However, these were likely to be nonspecific as we observed similar signals omete pa
HIV strip at the same position in the screening immunoblot assay (data not shown for
D51, and Figure 2D and 2E for P24 and C32, respectively). We examined the reactivity
of the test plasma against a recombinant histidine-tagged Env surface subumt protei
(rSU) of a xenotropic MLV [19], in which the detection limit determined by endpoint
dilutions was 1.1g/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 proteins (Figure 3DgtiDete
limits in the native-PAGE were 6.3 ng/ml for anti-Gag mAb (R187) andr§/ml for
anti-Env pAb (data not shown).

To examine the specificity of the screening-positive plasma samplegrieenped
an additional immunoblot assay against proteins from Moloney murine leukemia virus
(MoMLYV), which has approximately 83% amino acid homology in the Gag region with
XMRV. We observed multiple patterns of cross-reactivity (Figure 3E). Btosening-
positive plasma samples were recognized exclusively with XMRV Gag@A 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 veésddete
against Gag CA of XMRV and MoMLYV (donor 385 in Figure 3E). Plasma that
predominantly reacted with MoMLV Gag was not observed. The Ab specificiges ar

summarized in Table 2.









enough to induce a detectable amount of Abs [21]. In an animal study of XMRV
infection, Qiu and colleagues [22] found that rhesus macaques intravenously inoculated

with 3.6 x 10° 50% tissue culture infective dose of XMRV showed good Ab responses

against Env SU, Env transmembrane subunit (TM), and Gag proteins. In this animal
model, transient viremia was observed for less than 2 weeks, but the Ab responses
prolonged over 100 days post-inoculation and declined thereafter without boosting,
despite high-dose viral inoculation [22]. These data suggest that XMRYV replication is
relatively limited in vivoto 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 viral antigens, as
observed in the present study, but the prevalence of the single antigen-reactive donor was
much lower than that in our current result (0.13% vs. 1.6%, 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
XMRYV is required to verify our Ab screening results.

At the beginning of our study, the presence of XMRYV in the blood of PC patients had
not been reported; however, we speculated that XMRYV might infect blood cells similar to
the infection of PBMCs by other gammaretroviruses [23]. We obtained positive nested

RT-PCR results on plasma collected from the Ab-positive PC patient only with extensive
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Methods

Sample collection
Plasma samples randomly collected from healthy domors500) at the Japanese Red

Cross Osaka Blood Center between December 2006 and May 2009 were subjected to
XMRYV Ab screening. All donors had negative results in the routine tests at the:Cente
antigen testing of hepatitis B virus (HBV) and human parvovirus B19; Ab tegagsa
HBV, hepatitis C virus (HCV), HIV-1, HIV-2, HTLV-1, and syphilis; nucleic acids of
HIV-1, HIV-2, HBV, and HCV. All procedures in the donor screening study were
performed according to the guidelines of the Japanese Red Cross Society, which do not
permit the detection of nucleic acids from unapproved viruses.

All patients with PC enrolled in this study € 67) received medical treatment at
Nishiwaki City Hospital (Hyogo Prefecture, Japan) between Decemb@ré2@D
December 2009, when plasma samples were collected, and provided written informed
consent. Whole blood samples in ethylenediaminetetraacetic acid (EDTAsemarated
by centrifugation, and the plasma was stored at 80°C until use. PBMCs of thetpatie
who tested positive for XMRV Abs and RNA were usedROIASELsequencing and
viral isolation. This study was approved by the ethical committee of Nishiibki
Hospital.

CFS patients in this study fulfilled the 1994 CDC Fukuda criteria [27] and received
medical treatment at the Fatigue Clinic Center, Osaka City Uniy&sitduate 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
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interval from disease onset to blood collection 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 purified
from them on the same day. Three aliquots of genomic DNA purified from one patient
were independently analyzed at three laboratories. This study was approliedatlyits
Committee of Osaka City University Graduate School of Medicine and all blogulesa

were collected with written informed consent.

Cell lines and culture

Human 293T and 22Rv1 cells were obtained from the American Type Culture Collection
(CRL-1537 and CRL-2525, respectively; ATCC, Manassas, VA). Human prostatr can
cell line LNCap-FGC was obtained from the RIKEN Cell Bank (Tukuba, Japan), and the
GP293 packaging cell line was purchased from Clontech Laboratories (Mourgain Vi
CA). These cells were grown in Dulbecco's modified essential medium suppéeine

with 10% fetal bovine serum (FBS) and antibiotics. Rat hybridoma cell line R187 was
obtained from ATCC (CRL-1912) and maintained in RPMI-1640 medium supplemented
with 50 nM 2-mercaptoethanol, 10% FBS, and antibiotics. Before collecting the culture
supernatant, the growth medium was replaced with CD Hybridoma medium (Inmitroge
Carlsbad, CA) supplemented with 8 mMjlutamine. For recombinant Env production,

Sf9 and High Five cells (Invitrogen) were maintained in Sf-900 Il SFM andelSgpd

Five medium (Invitrogen), respectively.
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Control antibodies
IgG proteins in culture supernatants from R187 cells, prepared against SFFYdGag a

able to react with Gag capsid proteins from a wide variety of gammaretes/{2§],

were purified using a protein G affinity column (MabTrap Kit; Amershaos&ences,
Piscataway, NJ). For anti-Env Abs, rabbits were immunized with a mixtureoof tw
peptides (PRVPIGPNPV[C] of Env SU and [C]QFEQLAAIHTDLG of Env TM; [C]
indicates an additional cysteine residue for peptide purification), and thearamtisre
collected and purified after five immunization steps with a Protein A affoalymn (GE
Healthcare, Buckinghamshire, UK). Concentrations of the purified R187 mAb and anti-
Env pAb were 4.0 mg/ml and 8.5 mg/ml, respectively.

Antibody screening

An infectious XMRV molecular clone, pcDNA3.1-VP62, was provided by Dr. R. H.
Silverman. To produce the viral particles, 293T cells were transfected withAR:D-
VP62 by a liposome method (Lipofectamine LTX; Invitrogen). Two days after
transfection, the culture supernatant was collected, filtered, and coneer@atimes by
centrifugation at 20,000 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 envadeféidti1
virus (pNL env, provided by Dr. A. Adachi) by using the same method as for XMRV. A
MoMLV-derived retrovirus 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 andsttimed
with SYPRO Ruby (Bio-Rad, Hercules, CA) or transferred to a polyvinylidensodide
membrane (Wako Pure Chemical Industries, Osaka, Japan) cut into strips. ¢dkandpl

with 5% skimmed milk in Tris-buffered saline (TBS), the strips were incdbaitd
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Statistics
Non-parametric analysis was performed with the Mann-Whithégst to determine any

statistical significance in the data.pAvalue of less than 0.05 was considered to be

significant.
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XMRV-specific reactivity of substantial intensity was defined agsitive reaction (red
squares).

Figure 3 - Characterization of Gag CA-positive plas  ma samples.

(A) Sensitivity of immunoblot assay with GST-fused recombinant Gag CA (GST-
protein. GST-CA protein (300 ng per lane) was analyzed by 5-20% SDS-PAGE and
detected with serially diluted R187 anti-Gag mAb. The concentration of theidetect

limit was 0.78 ng/ml (1:5,120,000). (B) 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) or negative (D306 and D307 in blood donors)
for the screening immunoblot assay witm2f VP62 virus lysate (upper panel) or 300

ng of the GST-CA recombinant protein (lower panel). For positive controfrggrbl
(2:1,000) of anti-Env pAb and Or&y/ml (1:5,000) of anti-Gag mAb, R187, were used.

(C) Immunoblot assay using recombinant Env SU (rSU) protein of xenotropic MLV. The
detection limit of 300 ng of rSU protein was h@d/ml (1:8,000) by anti-Env pAb (left).

One hundred diluted plasma samples tested positive for the screening assaggagve

for rSU protein (right). (D) Immunoblot assay in a native-PAGE usinhd the
concentrated VP62 lysate in native sample buffer. Plasma samples testiivg fOF to

C32) and negative (D306 and 307) for the screening assay were examifrad.anti-

Env pAb (1:200, 42.5g/ml); a-Gag, R187 mAb (1:80,000, 50 ng/ml). (E) MOMLV
particles with (M) or without (M’) amphotropic Env were produced and subjected to an
immunoblot assay to examine their cross-reactivity with XMRV-positiasmh. PC, a
mixture of anti-Gag mAb (R187, Org/ml) and anti-Env pAb (8.6g/ml) as the positive

control. Arrow head, GST-fused Gag Capsid protein; SU, Env surface subunit; rSU,
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recombinant Env surface subunit of xenotropic MLV; TM, Env TM subunit; CA, Gag
capsid protein.

Figure 4 - Detection of XMRV genes from viral Ab-positive PC patients.

(A) Primer positions used in the PCR assay (upper panel). Gly-Gag; homologous region
to glycosylated Gag of MLVs at the NH, terminus of Gag. RNAs purified from the
plasma of viral Ab-positive PC patients (P24 and P28) were used in a nested RT-PCR
with primers GAG-O-F/R and GAG-I-F/R. Unnecessary lanes between the negative
control without template RNA (N) and P24 have been removed from the original image
(lower panel). (B) The detection limit of nested genomic PCR. Genomic DNA extracted
from serially diluted 293T cells infected with 22Rv1 cell-derived XMRV (indicated as
10°~0) was mixed with genomic DNA extracted from 10° 293T cells. For one reaction of
PCR with a volume of 20 |, 100 ng of each DNA mixture was used. The final
concentration of viral genome contained in a PCR reaction was calculated as 7610.5
0.152 cell equivalents of genomic DNA from 293T cells infected with 22Rv1 cell-
derived XMRYV (corresponding to the lanes indicated as 10° 10 *of infected 293T cells).
The detection limit of the nested PCR was calculated as approximately 1.5 cell
equivalents (indicated as 10" ). (C) Inconsistent results of nested genomic PCR tests for
XMRYV using genomic DNA extracted from PBMCs. Ina 20 L volume, 100 ng genomic
DNA were used for amplification. Nested genomic PCRs were performed on September
17 (left) and September 18 (right), 2008. M, molecular size marker; N, negative control
without nucleic acids; P24 and P28, nucleic acids purified from PBMCs of P24 or P28;
HV, genomic DNA of healthy volunteer; PC, diluted XMRV VP62 plasmid; arrow head,

amplified band using inner primer pair.
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