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Summary
The present inventors disclose the following aspects herein:
1. A method of diagnosing an XMRV-related disease other than prostate cancer,
comprising

a} providing a sample from a subject comprising, or suspected of comprising, at least one
XMRY subgroup;

b} determining at least one sequence of at least one XMRV nucleic acid, if any,
comprised by the sample,
wherein the at least one sequence can be diagnostic for an XMRV-related disease other than
prostate cancer if the at least ove sequence i} differs in sequence identity by at feast 2% with a
homologous sequence of reference sequence VP62 and 11} has at least 90% sequence identity
with the homologous sequence.
2. A method in accordance with Aspect 1, wherein the at least one segquence can comprise at
teast 5O contiguous nucleotides of an XMRY nucleic acid sequence.
3. A method in accordance with Aspect 1, wherein the at least one sequence can comprise at
teast 60 contiguous nucleotides of an XMRV nucleic acid sequence.
4. A method in accordance with Aspect 1, wherein the at least one sequence can comprise at
teast 70 contiguous nucleotides of an XMRY nucleic acid sequence.
s A method in accordance with Aspect 1, wherein the at least one sequence can comprise at
least 80 contiguous nucleotides of an XMRV nacleic acid sequence.
6. A method in accordance with Aspect 1, wherein the at least one sequence can comprise at
teast 90 contiguous nucleotides of an XMRY nucleic acid sequence.
7. A method in accordance with Aspect 1, wherein the at least one sequence can comprise at
least 100 contignous nucleotides of an XMRV nucleic acid sequence.
3. A method in accordance with Aspect 1, wherein the at least one sequence can comprise at
feast 1 mutation compared to VP62,
9. A method in accordance with Aspect 1, wherein the at least one sequence can comprise at
least 1 SNP compared to VP62
10, A method in accordance with Aspect 1, wheremn the at least one sequence can comprise at
least 2 SNPs compared to VP62,
11. A method in accordance with anv one of Aspects 8, 9. and 10, wherein a mutation or SNP

can be a mutation or SNP set forth in table 3.



12, A method in accordance with Aspect 1, wheremn the sample comprises a body thad.

13, A method in accordance with Aspect 12, wherein the body fluid can be selected from the
group consisting of blood, plasma, seram, cerebrospinal fluid, saliva, urine, and a combination
thereof.

14, A method in accordance with Aspect 12, wherein the body fluid can be selected from the
group consisting of blood, plasma, serum, cerebrospinal fluid and a combination thereof.

15, A method in accordance with Aspect 12, wherein the body fluid can be selected from the
group consisting of blood, plasma, serum and a combination thereof.

16. A method in accordance with Aspect 12, wherein the body flaid can be peripheral blood.
17. A method in accordance with Aspect 12, wherein the sample can be selected from the
group consisting of a blood sample, a serum sample, a plasma sample, and a cerebrospinal fluid
sample.

18. A method in accordance with Aspect 12, wherein the sample comprises peripheral blood.
19, A method in accordance with Aspect 1, wherein the defermining at least one sequence
can comprise a polymerase chain reaction amplification.

20. A method 1n accordance with Aspect 19, wherein the polymerase chain reaction
amplification can comprise a nested RT-PCR.

21, A method in accordance with Aspect 1, wherein the determining at least one sequence
CaN COMPISE PYLosequencing.

22, A method in accordance with Aspect |, wherem the determining at least one sequence
can comprise a hybridization assay.

23, A method in accordance with Aspect 1, wherein the at least one XMRYV nucleic acid can
comprise at least 10 contiguous nucleotides encoding an amino acid sequence of an XMRY gag
protein,

24, A method in accordance with Aspect 23, wherein the at feast 10 contiguous nucleotides
encoding an amine acid sequence of an XMRV gag protein can comprise at least 10 contiguous
nucleotides encoding an amino acid sequence of the core protein matrix {(MA).

25, A method in accordance with Aspect 1, further comprising assigning the at Jeast one
XMRV 10 an XMRYV subgroup, wherem the XMRY subgroup can be selected from the group

consisting of XMRV subgroup A, XMRV subgroup B and XMRV subgroup C.



26, Amethod in accordance with Aspect 23, wherein if the sample comprises at feast one of
XMRYV subgroup B and XMRY subgroup €, the subject can be diagnosed with an XMRV-
related nearoimmune disease or an XMRV-related cancer other than prostate cancer.

27. A method in accordance with Aspect 26, wherein the XMRV-related neuroimmune
disease can be selected from the group consisting of fibromyvalgia, Chronic Fatigue Syndrome
{CFS), Multiple Sclerosis (MS), Parkinson’s Disease, Amyotrophic Lateral Sclerosis (ALS) and
autism.

28, A method in accordance with Aspect 27, wherein the Multiple Sclerosis can be Atypical
Multiple Sclerosts.

29, A method in accordance with Aspect 26, wherein the XMRV-related cancer can be an
XMRV-related lymphoma.

30. A method in accordance with Aspect 29, wherein the XMRV-related lyvmphoma can be
selected from the group consisting of an XMRV-related Mantle Cell Lymphoma (MCL) and an

XMR V-related Chronic Lymphocytic Leukemia lymphoma (CLL).

In vartous aspects of the present teachings, a sequence of an XMRY detected i a sample
from a subject can be compared to XMRYV strain VPOZ, comprising a nucleic acid of the
tollowing sequence:
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In various embodiments, a sequence of an XMRY comprised by a sample can be

compared to the sequence of XMRY VPO2. In various configurations, homologous sequences of
the XMRV sample and XMRV VP62 can be identified using methods well known to skilled
artisans. In some configurations, a comparison of homologous sequences can reveal if the
sequences are identical or contain one or more differences. Using the sequence of XMRY VP62
as 4 standard for comparison, in various configurations, a difference between a sequence of a
sample XMRV and that of XMRY VP62 can be an insertion of one or more nucleotides, a
deletion of one or more nucleotides, an inversion, or a substitution of one or more nucleotides
such as a single nucleotide polymorphism (a "SNP7).

In various embodiments, based on the differences between a sample XMRYV sequence
and the sequence of XMRYV VP62, an XMRY comprised by a sample can be assigned to an
XMRYV subgroup, such as XMRY subgroup A, XMRV subgronp B, or XMRYV subgroup C. In
various configurations, a subject haviog one or both of XMRYV subgroup B and XMRY subgroup
C can be constdered to be at risk or can be diagnosed with a neuroimnune disease and/or a
cancer other than prostate cancer. In some configurations, a neurotmmune disease can be
selected from the group consisting of fibromvalgia, Chronic Fatigue Syadrome (CFS, or Myalgic
Encephalomyelitis, or ME/CFS), Multiple Sclerosis (MS), Parkinson’s Disease, Amyotrophic
Lateral Sclerosis {ALS) and autism. In some aspects, the Multiple Sclerosis can be Atypical
Multiple Sclerosis.

In some aspects, an XMRVe.related cancer can be an XMRV-related lvmphoma. In some
configurations, an XMRV-related lymphoma can be selected from the group consisting of an
AMRV.related Mantle Cell Lymphoma (MCL) and an XMRV-related Chronic Lymphoeytic
Leukemia lymphoma (CLL).

In some embodiments, the identification of XMRY subgroups infecting a subject can
influence choice of treatment. For example, a person infected with subgroups B and C, or
subgroups A, B, and €, can require more aggressive treatment compared to a subject infected
with only subgroup B or subgroup C. In some configurations, a subject infected with only

XMRYV subgroup may not be a candidate for any treatment.
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Detailed Description

The experiments utilize standard laboratory techniques and equipment, such as those set
torth in Sambrook, 1., et al., Molecular Cloning: A Laboratory Manual, 3rd ed. Cold Spring
Harbor Laboratory Press, Cold Spring Harbor, NY, 2001; Spector, D, L. etal | Cells: A
Laboratory Manual, Cold Spring Harbor Laboratory Press, Cold Spring Harbor, NY, 1998; and
Ausubel, F. M. et al, ed., Current Protocols in Molecular Biology, or as described in a reference
cited herein.

DNA and RNA isolation. Whole blood can be drawn from subjects by venipuncture using
standardized phlebotomy procedures into 8-mL greencapped Vacutainers containing the anti-
coagulant sodium heparin {Becton Dickinson). Plasina can be collected by centrifugation,
aspirated and stored at -80 °C for later use. The plasma can be replaced with PBS and the blood
resuspended and further diluted with an equal volume of PBS. PBMCs can be isolated by
layering the diluted blood onto Ficoll-Pague PLUS {GE Healthcare), centrifuging for 22 min at
800 g, aspirating the PBMC layer and washing it once in PBS. The PBMCs (approximately 2 x
107 cells) can be centrifuged at 300 g for 7 min and either stored as frozen unactivated cells in
Q0% FBS and 10% DMSO at -80 °C for further culture and analysis or resuspended in TRizol
{Invitrogen) and stored at -80 °C for DNA and RNA extraction and analysis. DNA can be
isolated from TRIzol according the to manufacturer’s protocol and also can be isolated from
frozen PBMC pellets using the QlAamp DNA Mini purification kit (QIAGEN) according to the
manufacturer’s protocol and the final DNA can be resuspended 1 RNase/DNase free water and
quantified nsing the Quant-1TTM Pico Green dsDNA Kit (Invitrogen). RNA can be isolated from
TRIzol according to the manufacturer’s protocol and quantified using the Quant-iT Ribo Green
RNA kit {Invitrogen). ¢cDNA can be made from RNA using the iScript Select cDNA synthesis kit
{Bio-Rad) according to the manufacturer’s protocol.

[0037] PCR. Nested PCR can be performed with separate reggents in a separate laboratory room
designated to be free of high copy amplicon or plasmid DNA. Negative controls in the absence
of added DNA can be included in every experiment. ldentification of XMRYV gag and env genes
can be performed by PCR in separate reactions. Reactions can be performed as follows: 100 to
250 ng DNA, 2 gl of 25 mM MgCl2, 25 ul. of HotStart-IT FideliTag Master Mix (USB
Corporation), 0.75 pl. of each of 20 uM forward and reverse oligonucleotide primers in reaction

volumes of 50 ul.. For identification of gag, 419F {(5°-
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ATCAGTTAACCTACCCGAGTCGGAC-3 ) (SEQ ID NO: Sy and 1154R (5~
GCCGCCTCTTCTTCATTGTTCTC-37) (SEQ 1D NO: 6) can be used as forward and reverse
primers. Foreny, 3922F (8- GCTAATGCTACCTCCCTCCTGE-37) (SEQ HY NO: Tyand
6273R (5" -GQAGCCCACTGAGGAATCAAAACAGG-3") (SEQ ID NO: 8) can be used. For
both gag and env PCR, 94 °C for 4 min initial denaturation can be performed for every reaction
followed by 94 “C for 30 seconds, 57 °C for 30 seconds and 72 °C for | munute. The cycle can
be repeated 43 times followed by final extension at 72 *C for 2 minutes. Six microliters of each
reaction product can be loaded onto 2% agarose gels in TBE buffer with 1 kb+ DNA ladder
{Invitrogen) as markers. PCR products can be purified using Wizard SV Gel and PCR Clean-Up
kit (Promega) and sequenced. PCR amplification for sequencing full-length XMRV genomes can
be performed on DNA amplitied by nested or semi-nested PCR from overlapping regions from
PBMUC DNA. For &7 end amplification of R-US region, 4F (5°-
CCAGTCATCCGATAGACTGAGTCGC-37) (SEQ 1D NO: 9) and 1154R can be used for first
round and 4F and 770R (§'-TACCATCCTGAGGCCATCCTACATTG-3" ) (SEQ ID NO: 1)
can be used for second round. For regions including gag-pro and partial pol, 350F(5°-
GAGTTCGTATTCCCGGCCGCAGC-37) (SEQ ID NO: 11) and 5135R (5'-
CCTGCGGUATTCCAAATCTCG-37) (SEQ 1D NO: 12) can be used for first round followed by
second round with 419F and 4789R (§"-GOGGTCGAGTCTGTGTAGGGAGTCTAA-3"). (SEQ ID
NO: 13) For regions including partial pol and env region, 4166F (57~
CAAGAAGGACAACGGAGAGCTGGAG-3 Y (SEQ ID NO: 14) and 7022R (57~
GGCCTGCACTACCGAAAT TCTGTC-37) (SEQ 1D NO: 13} can be used for first round
tollowed by 4672F (5" GAGCCACCTACAATCAGACAAAAGGAT-3} (SEQ 1D NO: 16) and
TSOOR (57~ CTGGACCAAGCGGTTGAGAATACAG-3") (SEQ 1D NO: 17} for second round.
For the 37 end including the U3-R vegion, 7472F (-TCAGGACAAGGGTGGTTTGAG-3)
(SEQ IDNO: 18} and 8182R (5 -CAAACAGCAAAAGGCTTTATTGG-37) (SEQ ID NO: 19)
can be used for first round followed by 7472F and 8147R (5"-CCGGGCGACTCAGTCTATC-
37y (SEQ 1D NO: 20) for second round. The reaction mixtures and conditions can be as described
above except for the following: For targer fragments, extension can be done at 68 °C for 10 min
mstead of 72 “C. All second round PCR proeducts can be column purified as mentioned above

and overlapping sequences can be determined with internal primers. Nested RT-PCR for gag

o

sequences can be done as described (5) with modifications. GAG-0-R primer can be used for st
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strand synthesis; eycle conditions can be 52 °C annealing, for 35 cyeles. For second round PCR,
annealing can be at 54 °C for 35 eyeles.
{0038] Phylogenetic Analysis Sequences can be aligned using ClustalX Clustal ahignments can
be imported tnto MEGA4 to generate neighbor-joining trees using the Kimura 2-parameter plus
I distribution (K80+1") distance model. Free parameters can be reduced to the K80 model, and «
values can be estumated from the data sef using a maxunum likelibood approach in PAUP*4.0
(Sinauer Associates, Inc. Pubhishers, Sunderland, MA, USA). The bootstrap consensus tree
inferred from 1000 replicates is taken to represent the evolutionary history of the taxa analyzed.
Accession numbers from GenBank (http/Swww nebi nlm nih gov/Genbank): FLV (NC _001940),
MoMLV (NC_001301), XMRY VP35 (DQ241301), XMRY VP42 (DQ241302) XMRV VPa2
{EF185282). Genomic Nonecotropic MLV Provirus Sequences can be downleaded from PLOS
Genetics 3(10) 183

We previously reported the first direct isolation of infectious xenotropic murine leukemia
viras-related virus (XMRV), In that study, we used a combination of biological amphification
and molecular enhancement techniques to detect XMRY in more than 75% of 101 patients with
chronic fatigue syndrome (CFS). Since our report, controversy arose after the publication of two
studies from England that failed to detect XMRYV infection in their CFS patient populations. In
this addenda, we further detail the multiple detection methods we used in order to observe
XMRY mfection in our CFS cobort. Our results indicate that PCR from DNA of unstimulated
peripheral blood mononuclear cells is the least sensitive method for detection of XMRY in
subjects” blood. We advocate the use of more than one type of assay in order to determine the
trequency of XMRV fection in patient cohorts in future studies of the relevance of XMRYV to

human disease.

Patient selection poses a challenge to any study of myalgic encephalomyelitis/chronic
tatigue syndrome (ME/CES). 1n our October 2009 paper, samples banked from 2006 to 2008
were selected for our study from severely disabled patients who fulfilled the 1994 CDC Fukuda
Criteria for chronic fatigue syndrome (1) as well as the 2003 Canadian Consensus Criteria ({CCC}
for ME/CFS (2). The CCC requires post-exertional malaise, which many clinicians feel is the
sine qua non of ME/CFS. Furthermore the CCC further requires that patients exhibit post
exertional fatigue, unrefreshing sleep, pain and neurological/cognitive mamtestations, rather than

these being optional symptoms (3}, Many clinicians interested in CFS are switching to the
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Canadian criferia because they feel it is more descriptive of the clinical entity being defined. The
Fukuda criteria have the advantage of a longer period of usage and existence of many
publications that have added modifications. Suffice it to say that the clinician author of the
Science paper elected to use both criteria, thus by passing the argument of which criteria were
better. Morcover, the emphasis in the Science paper was directed toward the virology, not the
clinical description of ME/CFS.

In our October 2009 publication (Lombardi, V.C, et al., Science 326: 285, 2009) we
established XMRYV infection in the blood products of our patient population by four different
methods, Of these methods, single-round PCR on DNA from peripheral blood mononuclear cells
{PBMCs), the teast sensitive method, required us to use samples from a subset of chronically ill
patients we had observed to have persistent viremuia. In Fig 1A of our Science paper, we showed
that DNA of 7 of 11 patients exhibited the expected gag and env PCR amplification products
from single-round PCR with XMRY primers. We included this figure to demonstrate that nested
PCR, which inevitably raises questions of contamination, is not essential to detect XMRV in
highly viremic ME/CFS patients. Of the other 90 samples described in the paper, very few
exhubited XMRV-specific PCR products following single round DNA PCR. Only 11% of the
101 DNA samples from PBMCs exhibited products by nested PCR. In contrast, when ¢DNA was
prepared from PBMCs, sixty of the 90 other samples exhubited gag products upon nested PCR,
though PCR with nested env prumers did not result in detectable products from these samples
(Table 1).

Samples that are negative for XMRV by one of owr PCR assays are sometimes positive
by other assavs. For example, in Figure 1 A of the Science paper, patient 1118 was negative by
single round PCR oo DNA from unstimulated PBMCs, but positive in other assays (Seience Fig
2A, 2D 4A, §5). Of the 34 patients whose PBMCs were negative for XMRV by DNA or ¢cDNA
PCR, 17 were positive for infectious virus when co- cultured with mdicator cell ines, as XMRV
gag and env PCR products were detected in the cell lines following their infection with XMRY
from the patient PBMCs {(Table 2). Both gag and env products obtained from either single-round
or nested PCR were sequenced and shown to be 99% identical to XMRV VP62,

Subsequent to our October 2009 publication, two papers from the United Kingdom have
appeared in which the authors report the lack of detection of XMRV PCR products from DNA of
unstimulated PBMCs, using patient populations sefected by only the Fukuda eriteria rather than

both Fukuda and CCC criteria. We regret that these authors did not request positive control
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samples of our patients who exhibit XMRV PCR products even wheo assayed by the Jeast
sensitive detection method, namely PCR of DNA from unstimulated PBMCs. Given that only
11% of our 101 patients” PBMCs exhibit products upon DNA PCR, and that a number of
patients were included in the UK studies who do not fulfill the CCC eritenia, very few, if any, of
the samples would be expected to be positive by DNA PCR. We also note that both studies
followed different methods than ours for blood collection, DNA quantities and isolation and
PCR, possible sources of the disparate resulis,

The reports of negative PCR tests for XMRYV in two UK patient cohorts has raised
questions whether our findings could be due to contamination of our PCR experiments by mouse
genomic DNA, which contain gag and env sequences highly simifar to XMRY. We point out that
positive PCR results for XMRV were obtained independently in multiple laboratories led by co-
authors of the Saence paper. In the summer of 2006, prior to work on XMRYV at the Reno
Whittemore-Peterson Institute (WP, 30 mL of heparnized peripheral blood samiples were
obtained from patients residing in the U.S., Canada, and Europe coming to be treated at the well-
known Sierra Internal Medicine practice, located in Incline Village, Nevada. Onge collected, 45
of these blood samples were shipped directly to NCI where ¢cDNA was prepared for planned
microarray expetiments. After the WPI observed an XMRYV PCR product from a patient sample
in 2009, the NCI began testing these stored samples by PCR. ¢DNA from 42 of the 45 samples
sent to the NC ab in February 2007 tested positive for XMRYV gag by nested PCR. Neither the
WPI nor NCI labs where PCR was performed had ever worked with mouse tissues or had been

exposed to XMRY from other sources. The env sequences amplified from

ENCaP cells infected by patient PBMCs exhibit tess similanity to mouse genomic DNA
than to XMRYV VP02, further indicating the presence of XMRY infection rather than mouse
genomic DNA contamination. After we developed a sensitive cell culture assay for detection of
XMRY, we assayed our cell lines and patient material with a highly sensitive assay (developed
and kindly provided by Bilf Switzer, CDC) to detect the presence of mouse tissue contamination
by the identification of murine mitochrondial cytochrome oxidase by real time PCR. All of the
cell lines and 101 patient materials were negative for mouse contamination.

In our experience, the most sensitive blood-based assays for detection of XMRV in decreasing
order are: 1) performing nested PCR for gag sequences from LNCaP cells that have been co-

cultured with subject’s plasma or activated PBMCs, 2) detection of viral proteins expressed by
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activated PBMCs with appropriate antisera, 3) the presence of antibodies to XMRV Env in
subject’s plasma, 4) nested RT-PCR of plasma nucleic acid or PCR from ¢cDNA from
unactivated PBMCs and nested PCR of DNA from unactivated PBMUC prepared from subject’s
blood.

Despite association with both prostate cancer and CFS, many guestions remain regarding
the prevalence of XMRYV in the human population, the incidence of XMRYV in disease, and the
extent of genetic variation between XMRYV isolates. The genetic variation between XMRYV
isofates currently identified is only 0.03%, despite the fact that the viral sequences were obtained
trom isolates from two vastly ditferent diseases in patients from geographically distinet areas.
This varation 1s smaller than the varnation observed between HTL V-1 isolates (4). As in the case
with HTLYV, the lack of diversity iniplies that XMRYV recently descended from a common
ancestor {3). The hugh degree of similanty to xenotropic murine leukemia virus suggests that a
cross-species transmission event was likely involved in evolution of XMRYV (6). Further
exanunation of XMRV from bumao subjects may reveal more extensive sequence vanation,
which also may confound its detection unless PCR primers are designed with this possibility in

mindg.

References cited heretn are incorporated by reference, each in its entirety.
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Sequence variations of the gag gene of XMRYV form three distinct subgroups

To investigate the diversity of XMRYV, peripheral blood mononuclear cells (PBMCs)
from XMRV-infected imdividuals were 1solated, and the sequence of the region of gag that
encodes the core protein matrix (MA) was determiined using nested RT-PCR. (Figure 1A). This
protein is the most diverse of the gag proteins of gammaretroviruses: sequence analysis of
several different murine, feline, and primate gammaretroviruses have revealed low sequence and
residue identity (Supplemental Figure 1). In contrast, the MA sequences of XMRY available on
GenBank show significant conservation, differing by 0-2 of 387 { <1%) nucleotides.

To further investigate the genetic diversity of additional XMRYV isolates, RNA was isolated
directly from the PBMCs of XMRVuintected individuals and regions encoding the MA protein
were aniplified by nested RT-PCR. Comparison of the sequences amplitied from 17 individuals
revealed a significant amount of vanation in this region (Figure 1B). All sequences analyzed
directly from XMRV-infected subjects differed by at feast one nucleotide from the XMRYV
reference strain VP62 (Fig. 1B, line 1). Overall, 15/327 residues bad nucleotide substifutions
relative to VP62, and all but two of these changes were observed in two or more of the solates
examined. In addition, 7 of the 17 samples had a 21 bp deletion from nt 127- 147.

Analysis of the MA sequences revealed the variants could be classified into three
subgroups (Figure 1B). These subgroup delineations are supported by anrooted neighbor-joining
analysis of the MA nucleotide sequence fragment (Figure 1C). Seven of the sequences, which
fell into subgroup A, are closely related to the previously published sequences of XMRYV in this
region (Fig. 1B, lines 2-8, compare with line 1). At most, this group differed by 3 nuclectides
trom the reference strain VP62, one resulted in a synonymous change (i.¢., the same residue was
encoded). and two were non-synonymous {Table 1). The non-synonymous substitution, nt 178
G-+ A, 1s present in all of the sequences in subgroup A (G178A), and has also been previously
reported to be present in other XMRV sequences (Table 1),

Eight of the seventeen (8/17) sequences analyzed fell into a second group (subgroup B),
all of which had a 21 bp deletion, resulting in an in-frame deletion of seven amino acid residues.
All sequences in subgroup B also had seven specific nucleotide substitutions relative to the
sequence of the XMRV reference strain (nt 75 C--T, nt 85 G A, nt 91 A=, nt 92° A-»(G,
nt 304 C—Gnt 315 CT, and nt 316; C—T) (Fig. 18 lines 9-17), of which were four were
synonymous and three were non~-synonymouns changes (Table 1}

Subgroup C contained two sequences and was characterized by three unigue nucleotide
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substitutions (nt 106: G—A, ni 173 G—A and nt 192 C—T) (Fig. 1B, lines 17 and 18 and
Table 1), of which two were synonvmous and one was a non-synonymous change. This group
atso had three nucleotide substitutions relative to VP62 that were in common with members of
groups A and B (nt 92: A—G, nt 178 G—A, nt 325: A—-G).

To gain insight inte whether the variation observed in the XMRYV sequences could be
tolerated by the MA protein and persist in nature, we examined the MA protein sequences of
gammaretroviruses from other mus muculus and other species. Alignment of MA proteins of
other members gammaretrovirus genus revealed that 3 of the 6 amino acid changes in the XMRYV

variants are present in other infectious gammaretroviruses (Table 2 and Fig. S1).

Analysis of XMRY MA sequences in lymphocytes following ex vive culture

XMRV RNA could not always be detected in the PBMUs of subjects from which
infectious virus had been isolated from plasna. This suggests that the virus is expressed at very
tow frequency in PBMUs 1solated directly from infected individaals, We have observed that
culturing these PBMCs under conditions that induce activation of T cells (Lombardi) increases
the frequency of XMRY detected by RT-PCR in the cells maintained in culture. This increase
appears to be dependent on the spread of the virus, since the addition of a reverse transcriptase
inhibitor to the cultures prior 1o activation prevents the increase XMRYV expression, as measured
by cell surface expression of Env (Fig. 82). To biologically increase the level of XMRY and
mcrease the probability that XMRYV sequences could be detected by PCR, PBMCs were cultured
under conditions that activated T cells for 7-10 days, the RNA isolated, and nested RT-PCR
analvsis performed as described above.

All the MA sequences amplified following ex vivo culture could be classified wto two
out of the three subgroups observed in the analysis of RNA from unactivated PBMCs. Sequences
for 4/11 individuoals were similar to the previously published sequences (subgroup A} (Figure
2A, lines 2-5). Sequences amplified from another 6 individuals fell into subgroup C. (Figure 24,
lines 6-12). Unrooted neighbor-joining analysis of nucleotide sequences direct from subject
PBMUCs and after ex vivo culture reflected the variability noted i the sequence analysis and

confirmed that post~-colture, only variants A and € can be detected (Figure 2B).

Evidence for multiple variants in XMRV-infected individuals.

None of the sequences amplified following ex vivo culture were similar to the sequences

-1
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of subgroup B. One explanation for this would be that the PBMUCUs contained multiple strains of
XMRY and, because of differences in replication capacity and/or tropism, the major variant
present following spread in the cultures differed from the major vartant present in unstimulated
PBMCs of infected individuals. Reexamination of direct sequencing data obtained from
unactivated PBMCs suggested that several of the sequence chromatograms which did not give a
clear sequence might reflect the presence of more than one virus. Analysis of samples from three
mdividuals indicated that they were infected with both subgroup B and C viruses (Fig. 2D). For
all three of these individuals, the sequences detected following ex vivo activation and culture of
T cells all subgroup C consistent with the hypothesis that the subgroup B vartants have a

decreased replicative capacity (Figure 2A, lines 6 and 10, and supplemental 3).

Identification of endogenous polytropic ML Vs highly homologous to MA of subgroups B
and C

Previous analyses of the major coding regions of XMRV with ecotropic and non-~
ecotropic MLV sequences indicated that, while the pol and env sequences of XMRYV cluster with
xenotropic viruses, the gag region of XMRYV is more similar (o the to polytropic and modified
polvtropics viruses than xenotropic viruses. In the current study, comparison of XMRV MA
subgroup A sequences with sequences in Genbank indicates that, sumilar to the previously
published XMRY sequences, subgroup A 1s most closely related to endogenous MLVs (ie.,
AY349138.1 and SBO082.1) and differ in 3 of the 327 nucleotides.

In contrast, analysis of XMRV MA sequences from subgroup B with sequences in
Genbank revealed a 100% identity with a recently charactenized munine endogenous polytropic
retrovirus, clone ST (Evaos IV 2009) (Figure 3A). Although, clone 51 contains several deletions
and is not infectious, it 18 expressed in certain strains of mice. Clone 51 genomes in mice
infected with an infectious ecotropic MLV (Fr-MLV) can be packaged into the Fr-MLV virions
and transferred to other celis.

Subgroup C sequences are also most highly related to the MA of a polytropic murine
leukemia virus sequence. This virus, the Rmef provirus, s an expressed endogenous MLV with
large deletions in gag and pol (Christing). One variant in subgroup C (1281} was identical to the
on a nucleotide {evel; the others in this group differed by 1-6 nucleotides (Fig. 3B). However, the
protem sequence of the different members of subgroup C differed at most by 1 residue from the

Rmef provirus.
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Thus, XMRV subgroup B and C appear to be more closely related o known endogenous

MLV sequences than the XMRY subgroup A viruses,
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Figure 2A.
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Figure 3A and B
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Supplemental Figure 3
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